ETSI EN 300 328 v2.1.1 @oie-11)

. —

EUROPEAN STANDARD

| : ibili
Wideband transmission systems;
Data transmission equipment operating
in the 2,4 GHz ISM band and

using wide band modulation techniques;

Harmonized-ENHarmonised Standard covering the essential
requirements
of article 3.2 of the R&TFE-Directive 2014/53/EU




2 ETSI EN 300 328 V2.1.1 (2016-11)

Reference
REN/ERM-TG11-610011

Keywords

databroadband, data, harmonised standard, ISM,
LAN, mobile, radio, regulation, spread spectrum,
SRD, testing, transmission, UHF

ETSI

650 Route des Lucioles
F-06921 Sophia Antipolis Cedex - FRANCE

Tel.: +334 9294 42 00 Fax: +33 4 93 65 47 16

Siret N° 348 623 562 00017 - NAF 742 C
Association a but non lucratif enregistrée a la
Sous-Préfecture de Grasse (06) N° 7803/88

Important notice

The present document can be downloaded from:
http://www.etsi.org/standards-search

The present document may be made available in electronic versions and/or in print. The content of any electronic and/or
print versions of the present document shall not be modified without the prior written authorization of ETSI. In case of any
existing or perceived difference in contents between such versions and/or in print, the only prevailing document is the
print of the Portable Document Format (PDF) version kept on a specific network drive within ETSI Secretariat.

Users of the present document should be aware that the document may be subject to revision or change of status.
Information on the current status of this and other ETSI documents is available at
https://portal.etsi.orq/TB/ETSIDeliverableStatus.aspx

If you find errors in the present document, please send your comment to one of the following services:
https://portal.etsi.org/People/CommiteeSupportStaff.aspx

Copyright Notification

No part may be reproduced or utilized in any form or by any means, electronic or mechanical, including photocopying
and microfilm except as authorized by written permission of ETSI.
The content of the PDF version shall not be modified without the written authorization of ETSI.
The copyright and the foregoing restriction extend to reproduction in all media.

© European Telecommunications Standards Institute 2016.
All rights reserved.

DECT™, PLUGTESTS™, UMTS™ and the ETSI logo are Trade Marks of ETSI registered for the benefit of its Members.
3GPP™and LTEE = Trade Marks of ETSI registered for the benefit of its Members and
of the 3GPP Organizational Partners.
GSM® and the GSM logo are Trade Marks registered and owned by the GSM Association.

ETSI


http://www.etsi.org/standards-search
https://portal.etsi.org/TB/ETSIDeliverableStatus.aspx
https://portal.etsi.org/People/CommiteeSupportStaff.aspx

3 ETSI EN 300 328 V2.1.1 (2016-11)

Contents

Intellectual Property RIGNIS.... ..o emmr e e e eeas Q.
0 =110 (o PP 9.
AV oTe E= YT g o R (= 1 4100 (0 | PP PPP PP PRPPPPPPP 9
1] 0o [8 o 1 o] o F PRSP PPPPPPPPPPPP 10
1 ST oT0] o1 PR 11
2 [T (=T =] [0 = PP PRI 11
21 N oI q 0 (P )Y =) (=T =T ot T PP ER PR 11
2.2 INFOTMALIVE FEIEIEINCES .. cii ittt ettt e e e st e e e e s sa bbb e et b e e e e e s anbbeeeeeeesantbennne 12
3 Definitions, symbols and abbreviations............oooooiii i 13
3.1 372 11 0T o USSP 13
3.2 37111 010 PO PRSP PO PP PPRPO 15
3.3 F Y o] o] L=V = 11 LSRR PR 16
4 Technical requirements sPecifiCatiQnS...............oooiii e 16
4.1 ENVIrONMENtal Profile..... ... e rrrer e ———————————— e e 16
4.2 L0 TUT] 0] 1T LA Y = N 17
421 Lo o [N E=NiTo] TN Y o1 ST O PP PP TOPPPRPP 17
422 Adaptive and Nordaptive @QUIPMIEIIT. .......oi.uuiiiie ittt ereet et e e e e ee e 17
4.2.3 R To Ty g ot L (=T o (o =T SO PP PRI 17
4231 10T [T 1o ) o PP 17
42.3.2 (OF= 1 =T [o] (4= 1o o FEUT OO PT P PPPPPP 17
42321 RECEIVET CAtEUONY. L.....eiiiiiiiiiiiee ettt e e st e s e s e e et e e e e e e neneeas 17
4.2.3.2.2 RECEIVETN CAtBUOIY. 2. ..ot eeeet e e et e e e e e e e e e e ettt mmmr e e eaetaea e s eaeeeaeeeeanesaaeaaeeeeessnnrnnnn 17
4.2.3.2.3 oAV o= Y=o o Y/ TP 18
4.3 (%0 g1 (o] gaat= T aTot I £ [UTT =T 0 T=Y o) £ RPN 18
4.3.1 Requirements for Frequency HOPPINg €qUIPMENL...........cuvuuiriiiieariieiiiiese e e e e e e eeeeeeseeeeeeeeeeeeenennnnns 18
43.1.1 L aLudeTo 013 i o] o PO PP PPPPPPRTPPOt 18
4.3.1.2 01U 11 10 | 01011 PSPPI 18
43121 F Y o]0 ITo= 1 o] 1 Y PP PPUUPT PP 18
43.1.2.2 9= 1101 (o OO 18
4.3.1.2.3 T PSSR 18
43124 (@0 0110 2 7= U g Lo = PR 18
43.1.3 Duty CYCle, TXSEQUENCE, TIIAP. « ettt iurrrreteeeiititeeteeateeesattbeeeeessaabbee et seaee e e s anbbreeaeesansbbeeeaeaneeeas 18
4.3.1.3.1 Y o] o] 1= o1 1 2SS 18
4.3.1.3.2 (D= 11 0T 1 o] o TR POTPPPRPPRPPR 18
4.3.1.3.3 T 0 USRS 19
43.1.34 (0] 01 (0] 4 01F= U g [of ST PRSP PPPPPPPP 19
43.1.4 Accumulated Transmit Time, Frequency Occupation and Hopping Begue.............cccoeeeeeeeee. 19
43.1.4.1 Y o] o] 1= o1 1 2SS 19
43.1.4.2 97 1101 o PP 19
4.3.1.4.3 T3 ]| PO OS PSSP PR 19
43144 Other REQUITEIMENTS......ciiiiiiiiiiiie e ieee ettt e s e e et e e e s s st et e e e s s smeessnbbeeeeeeeannees 20
43.1.45 (@] 010 2 7= U g Lo = PP 21
4.3.1.5 HOopPIiNg FreqUENCY SEPATALION. ........iiuuiiiiie i ieeeriii et e e e ettt e e e s s ee et e e st e e e e e e neeesneeee 21
43.15.1 F Y o] o] TTo= 1 o1 1 Y2 PSPPSR 21
4.3.15.2 (D= 11 0T 1 o] o 1R TP PR PPPPPPRRPR 21
4.3.1.5.3 T SRS 21
43154 (0] 01 (0] 4 11F= T g [of PO 21
4.3.1.6 Medium Utilization (MU) faCLOL..........ooii e ee et ee e e bbb e e e e e e e e e aeeseeeee 22
43.1.6.1 7Y o] o] [ To%=1 o 1Y PP PR 22
4.3.1.6.2 9= 1101 (o PP 22
4.3.1.6.3 T 1 PSSRSO 22
43.16.4 (@] 01 (0] 2 7= U g Lo = PR 22
4.3.1.7 Adaptivity (Adaptive Frequency HOPPING)......cueuiiiuiiiiieeieeeeiiee e eee e 22

ETSI



43.1.7.1
4.3.1.7.2
4.3.1.7.3
43.1.7.4
4.3.1.8
43.18.1
4.3.1.8.2
4.3.1.8.3
4.3.1.84
4.3.1.9
43.19.1
4.3.19.2
4.3.1.9.3
43194
4.3.1.10
4.3.1.10.1
4.3.1.10.2
4.3.1.10.3
4.3.1.10.4
43.1.11
431111
43.1.11.2
43.1.11.3
43.1.114
4.3.1.12
43.1.12.1
4.3.1.12.2
4.3.1.12.3
4.3.1.12.4
4.3.1.12.5
4.3.1.13
43.1.13.1
4.3.1.13.2
4.3.1.13.3
4.3.2
43.2.1
4.3.2.2
43221
4.3.2.2.2
4.3.2.2.3
43224
4.3.2.3
43.23.1
4.3.2.3.2
4.3.2.3.3
43234
4.3.2.4
43.24.1
4.3.24.2
4.3.24.3
4.3.24.4
4.3.2.5
43251
43.25.2
4.3.25.3
43254
4.3.2.6
43.26.1
4.3.2.6.2
4.3.2.6.3
43.2.6.4
4.3.2.7

4 ETSI EN 300 328 VV2.1.1 (2016-11)

Y 0] 0] 7= o 71 1] 2SS 22
Adaptive Frequency Hopping using LBT based DAA.............oooiiiiciieee e 23
Adaptive Frequency Hopping using other forms of DAA (BT based)...........cccccvvvvvvnnneen. 24
Short @ntrol Signalling TranSMISSIONS........c..uuuuiiiiiiiiieeieeeriirrrrr e e eeeererrrerrrrrrreeeees 25
Occupied Channel BandWidth............ceiiiiiiiiii e eeee e 26
Y 0] 0] To7= o1 1] 2SS 26
D= 11 011 1o o 1S PO PRPRRPRRPR 26
T3 11 £ PO 26
(0] 01 (0] 2 7= T g o PP PPRPR 26
Transmitter unwanted emiss®in the oudf-band domain............ccooeeiiiiiiiiccc e 26
F Yoo [Tor= 1 o] 1 Y PP P PP PPP PP 26
D=3 {1 11 o o 1R PP 26
T 0 PRSP 26
(7o) 01 (0] 40 1T= T g (ol ST TP PP OP PP PPPPPPPP 27
Transmitter unwanted emissions in the SpUrioUS dOMAIN..............uuvvrrieeeiiiiiniiininerereeeeeeeeeeaes 27
Y 0] 0] 7= o 1] Y2 27
D=3 {11 o o 1R PP 27
T3 ] PSSO PR OUPPRPR 27
(@0 ] 0110 2 7= U g o = PP 27
RECEIVEr SPUINOUS EMISSIOIIS.....ciiittiiiie et ittt ieeette et e e e s sttt e e e s st eeetb e e e e e s sabbe e e e e e s s ssbbeeensbneeeeesanes 28
F Yoo ITor= 1 o] 1 Y PP P PP PP PPP 28
9= 11011 1o o ORI 28
T 1 P SRERRTRT 28
(0] 01 (0] 4 01T= U g (ol ST PP PO P PP PPPPPPPP 28
TtV gl =] o Tod 1 T T 28
Y o] o] o= o1 1P 28
(D= 11011 1 o] o TR OO PTPPPPPPRPPTRN 28
PerformanCe CrIitEIIA.........ooi i eee et e e bbb e e e eaensnebbebb e e e e e eeeee 28
[0 01 TP PP T POP PP PPPPRPTRRTRTPPPN 29
(@0 ] 0110 2 7= U g o = PP 30
Gelocation CAPADIIITY........ciiii et 30
F Yoo [Tor= 1 o] 1 YR RS PP PPTRPPP 30
3= 11011 (oo SO 30
REGUITEIMENTS ...ttt ettt e e s et e e see e e e s e nbbb e e e e e annbneeeean 30
Requirements for other types of Wide Band modulation...............cccoiiveeeiiiiiiiiiii e eeececeeeeeeee e 30
[ aLudeTo 013 io) o OO PO P OO PPPPPPPPPRPTTPROS 30
01U 11 10 | 01011 = PSPPSRI 31
Y o] o] 1= o 1 1 2RSS 31
(D= 11 0T 1 o] o TR TP P OTPPPRPPRPPRR 31
T 0 USRS 31
(@] 01 (0] 2 7= U g Lo = PP 31
POWET SPECIIAI DENSILY.......eteeieee ettt ettt e e e e bbbt e s seame e e e s abbneeeaeeaa 31
F Yoo [To= 1 o] 1 Y PRSP PP PP 31
97 1101 o PP 31
T 0 1 SRR 31
(@0 0110 2 7= U g Lo = PSR 31
Duty Cycle, TXSEOUENCE, TIAP. . .cceeeeeeieeeeeieitutiveeetntas s e e e eeaaeeeeeesteneeaseeeeeastsnranaeeeeeanaaanes 31
Y o] o] 1= o1 1 2SS 31
1= T 11 1T o U 31
T SRS 32
(O70] o1 (0] ¢ 1 o= 1 gLt U 32
Medium Utilization (MU) faCLOL..........ooiii et ee e e bbb e e e e e e e e e eeeseeeeen 32
F Y o] o] TTo= 1 o1 1 Y2 PSPPSR 32
3= 101 (o PP 32
T 0 SRR 32
(@] (0] 2 7= U g Lo = PP 33
Adaptivity (adaptive equipment using modulations other than FHSS)...............cc oo, 33
7Y o] o] [ To%=1 o 1Y PP PR 33
Non-LBT based Detect and AVOIL............ooouiiiiiiiiieceieie e ee e e e 33
LBT based Detect and AVOI.............ouuiiiiiii e eeee e e e e e anaee e 34
Short Control Signalling TranSMISSIONS. ..........uuuuutiiiiiiiieeaiiiiiiieeie e e eeeerbebreeeeeeeeeeeaeas 37
Occupied Channel BandWidth.............coouiiiiiii e 37

ETSI



5 ETSI EN 300 328 VV2.1.1 (2016-11)

43.2.7.1 Y 0] 0] 7= o 71 1] 2SS 37
4.3.2.7.2 D=3 {1 1 o o 1R PP 37
4.3.2.7.3 T 01 £ PSP 37
43274 (7o) 01 (0] 40 1T= U g (ol SO PP PP PP PP PPPPPPPP 38
4.3.2.8 Transmitter unwanted emissions in the-ofsband domain............ccocvvviiiiiicce i, 38
4.3.2.8.1 Y 0] 0] To7= o1 1] 2SS 38
4.3.2.8.2 D= 11 011 1o o 1S PO PRPRRPRRPR 38
4.3.2.8.3 T USRS 38
43284 (0] 01 (0] 2 7= T g o PP PPRPR 38
4.3.2.9 Transmitter unwanted emissions in the spurious doOMaiN..............coeoiiimrniiiieeee e, 38
43.29.1 F Yoo [Tor= 1 o] 1 Y PP P PP PPP PP 38
4.3.2.9.2 D=3 {1 11 o o 1R PP 38
4.3.2.9.3 T 0 PRSP 39
43.29.4 (7o) 01 (0] 40 1T= T g (ol ST TP PP OP PP PPPPPPPP 39
4.3.2.10 RECEIVETr SPUMOUS EMISSIONS......ciiiiieeeeie it is i iiceee e e e e e e e e e e e e s s s s s eeee e e s e e s e s s e aaaeenreesseeeessnannnnnnnns 39
4.3.2.10.1 Y 0] 0] o= o1 1] Y2 39
4.3.2.10.2 D=3 {11 o o 1R PP 39
4.3.2.10.3 T SRS 39
4.3.2.104 (@0 ] 0110 2 7= U g o = PP 39
43.2.11 RECEIVET BIOCKING. .. ittt e e e e nnbee 40
432111 F Yoo ITor= 1 o] 1 Y PP P PP PP PPP 40
4.3.2.11.2 9= 11011 (oo SO 40
4.3.2.11.3 Performance Criteria...........ooviiiiiiceeee s eeeeee s ennereenreneeeeeeessesssrsnsensneeeeeeeee s A0
43.2.115 (0] 01 (0] 4 01F= U g (ol ST PO PP PP PPPPPPPP 41
4.3.2.12 (€1=Te X (oTor= 11 ToT g ox= o =1 o111 3728 USRI 42
4.3.2.12.1 Y o] o] 1= o1 1 S 42
43.2.12.2 (D= 11011 1 o] o TR OO POTPPPPPPRPPTRN 42
4.3.2.12.3 Lo [T (=T 0 =T 0 RSSSPPPY- 12,
5 Testing for compliance with technical reqUIreMENLS.............ooeeiieiiiceciiii e 42
51 Environmental conditions fOr tESHING ........uveiiiiiiiii e eeee e e e e 42
51.1 10T [T 1o o PRSP 42
5.1.2 NOIMAL tESt CONAILIONS. ...ttt et eeet bbbt e e et e et e e e e e e e saaeeeeeeeaaaaeaeeaeeaesannsd 42
5.1.2.1 Normal temperature and NUMIAILY..........ooovviiiiii e e e aeeee s 42
5.1.2.2 [N T g F= U o Lo AT =T =TT [ o = U 43
5.1.3 EXIrEmME tESE CONTITIONS ......uuuiiiiiiiiiiiii ittt ettt e ettt ettt e e e e e e e e e e e e e e e s amme e e e e e e e e e e e e s e e s e naa 43
5.2 Interpretation of the MeasSUreMENTt FESWLULS............oviiiiii e e eenee s 43
5.3 Definition of other teSt CONAILIONS.........oii i e e e e e e e eeebeebbebeeeeeees 43
531 =) 011 T [ S PRRRR 43
5.3.2 Antennas and transmit OPerating MOUES.........o.uuiriiie it e e sneeas 44
53.21 Integrated and dedicated aNtENNAS. ..........coiiuuiiiiiiearie e 44
53.2.2 Smart antenna systems and related operating MAdes...........ccoooiieriiiiiiieeiniii e A4
5.3.2.21 10T 18T o) o 1SS 44
5.3.2.2.2 Operating mode 1 (Single antenna)...............uvuveiiiceeiiiinieeeeeeeeeeeeeevieeneeeeeeeessnnnnnnn e 44
5.3.2.2.3 Operating mode 2 (multiple antennas, N0 beamforming)............ccoovvvvieeee i 44
5.3.2.2.4 Operating mode 8multiple antennas, with beamforming)............cccceeeeiiiieeee e, 44
5.3.2.3 (Ofe] aYiTo U] = Nio] g I8 {0 g (=1] 1] o S SSSRPSPPPPI 45
5.3.3 Adaptive and Noradaptive QUIPMENL..........oooiiiiiiiiii e e e e e eree e e e e e e e e ananns 45
5.34 Presentation Of @QUIPIMENE. ........ooii it e e e 45
5.34.1 10T [T 1o ) o PP 45
5.34.2 Testing of StaneiloNe EQUIPMEIL...........eiiiiiiiei e e e eeereee s 45
5.3.4.3 Testing of host connected equipment and PULAdIO EQUIPMENT........ccooiiiiiiiieeiiiieeniiieeeeee e 45
53431 10T [T 1o ) o OO 45
5.3.4.3.2 The use of a host or test jig for testing plagadio eqUIPMENL............coiiiiiiiiiieceeniiiieee 45
5.3.4.3.3 Testing Of COMDINALIONS........ciiiiiii e e rnne e 45
5.35 Conducted measurements, radiated measurements, relative measurements...........ccccceeecvvnnnnee 46
5.4 Test procedures for essential radio test SUILES..........cooeiiiiiiiiccciiiee e AT
54.1 Product INFOrMELION.......ooiii e e ettt eaeeaae bbbt sbe e e e e e e eaeeeaeeeaan a7
5.4.2 RF output power, Duty Cycle, Tsequence, Tgap, Medium Utilization.............ccccccceeiiiiiiannnnnnnn. 48
5421 T ST CONAITIONS. ...ttt ettt et e et e e e e e e e e e e e e e s s e rmmme e e e e e e e e e e e e e e aannbebbeen s 48
5.4.2.2 TESEMETNOM. ... e ettt ettt et e e e e e eeat et e e e e e e et e e e e e e e e e e e e e s ammeeeaaas 49

ETSI



6 ETSI EN 300 328 V2.1.1 (2016-11)

54221 CONAUCTEA MEASUIBIMEINES. ... ciieereteet et eeeeeresetteeeeseeta s eeseebsm— e essesaasessessasessennnresranseees 49
5.4.2.2.2 Radiated MEASUINEIMENIS. ......uuuiiiieeie et ettt e et e e e s e erres s e e s sab s e s s eeba s eeseebmnmsaanseeseerans 51
5.4.3 POWET SPECIIAl DENSITY.....uuuutiiriiiiiieeie s ceeeiit e e e e e e e eeeeeesessreeeeereeetaaaaaaaasesssssnmmreeaaaeaaaeaessesanannns 52
5.4.3.1 B ST o701 o 1170 1= 52
5.4.3.2 B ST 1 4111 oo 52
5.4.3.2.1 CoNAUCTEA MEASUIEIMENL. . ..cvvueiiiieeii i ee e ieeeret e e e e eee e e e s eea s eraesesssstaa s essesbbaeeseesrnnnraaseeseerens 52
5.4.3.2.2 Radiated MEASUINEMENT . ......ieee e eee et e et e et ere e e e et e e eaa e s et e e sat s essnmmaa e ssanseransns 54
54.4 Accumulated Transmit Time, Frequency Occupation and Hopping Sequence...............ccceeeeveee. 55
5441 B =TS A oT0] o (o 111 (0] 1= 55
5.4.4.2 B =TS A 001 o o T 55
54421 (Of0) aTo 1001 (=10 M1 g [ST=Eo D=1 0 g TST ) £ 55
5.4.4.2.2 Radiated MEASUIEIMENLIS. ......uuuiieieeie e eeee e e et e e e e erres s e e s st s e s s esbaa s eesesmnmsraneeseerans 57
5.4.5 HOPPING FreqUENCY SEPATALION. ... ....uuiiiiiiiiieieeieeeieitierrerreerrrerreeeesseesrssrerrrrreaeaaeaaeeessesinmreraeaaaaeaes 57
5.45.1 B IESTS o701 o 1170 1= 57
5.45.2 B ST 1 4111 oo 57
54521 (Of0] o [§Te1=T0 W g LT T U =Y 0] 0 £ 57
5.45.2.2 Radiated MEASUINEIMENIS. ......uuuiiiieeie et ieeeee e e e e e e et srres s e e s aa b s e s s esban s eesesmnmsranseeseernns 59
5.4.6 Adaptivity (Channel access MEChANISITL)..........coiiiiiiiiiieeeiee et e st e e e e s sebeeeens 59
5.4.6.1 B =TS A oT 0] o 1110 1= 59
5.4.6.2 BT ALY 1] Lo Lo TR 60
5.4.6.2.1 (Of0] aTo 1101 (=10 M1 g[ST=E D=1 0 1< 1 KT 60
5.4.6.2.2 RaAIiated MEBASUINEIMENTIS. . .ceueiiii ettt ee et e e e et e e et s e eae e e st e eeaaeeseta s seamtaeesansesens 68
547 Occupied Channel BandWIdth............oc.uuiiiiiiiiien et rmee e e e 68
54.7.1 B =3 o0 (o 1110 o 1= 68
54.7.2 B I3 A 0 (= o o 69
54721 (Of0] aTe [0 o1 (=T M p g [ST=Eo DT L=] 101 1) SN 69
54.7.2.2 Radiated MEASUIEMIENT. ... iiee i eeeee et e e e et re e s e e e s et e s b e s sat e s snmmaa e s saneeeanans 69
5.4.8 Transmitter unwanted emissions in the-oftband domain............co.eeiiiiiiiiiiiccer e 69
5.48.1 B =3 o7 0] (o 1110 o 1= 69
5.4.8.2 B =TS A 001 o o TR 70
5.4.8.2.1 (Of0 ] aTo [U o1 (=0 M0 g 1ST= T U (=] 1 01T 0.1 SO 70
5.4.8.2.2 Radiated MEASUINEIMENT. ... iieeieitie et eee e et e ettt et e e et eereeeeet e e st et et e esan e s semmaa e ssaneeransns 71
54.9 Transmitter unwanted emissions in the Spurious domMaIN............cccooiiiirmriiiieee e, 72
5.49.1 B =TS oo o 111 0T 1= 72
5.49.2 B I3 A 0 (= o o T 72
549.2.1 (Of0] aTe [0 o1 (=T I p g [ST=Eo U L=] 041 0.1 SN 72
5.49.2.2 Radiated MEASUIEMIENT.......ieeiiiiie et e e e et rre e s et e ettt e s e e s et e s snmmaa e sbaneeeanans 74
5.4.10 RECEIVEr SPUINOUS EMISSIONS . ..ciiiitiiiiiii st e e e e e ieeesas e e e e e eeee et eeatatat e rasees s e eeeeaaeaeesestenaeeeeeessrssnnnnnns 75
5.4.10.1 B =TS o7 0] [0 1110 o 1= 75
5.4.10.2 B I3 A 0 (= o o T 75
5.4.10.2.1 (Of0 ] aTo (U1 (=10 M0 g [ST=E U (=] 1 01T 1) ST 75
5.4.10.2.2 RadIiated MEBASUINEIMENT . ..... i iieeieete et eee et et e et et e et eere e e e et e e s e e e st e eean e s snmma e seaeesrnsns 77
5411 RECEIVET BIOCKING ...ttt et e e e e e b 77
54.11.1 B =TS oo o 111 0T 1= 77
5.4.11.2 B =TS LY 1] Lo Lo TR 78
54.11.2.1 COoNAUCIEA MEBASUIEIMEILS. . .eeveeieeeeet e e eeeeeer et e e estseeaeseetessrnmtsssansssstaeessnsesssnseesnrsnseesnned O
54.11.2.2 RadIiated MEASUINEMENIS. .. .uun ittt e et e e e e e et e e st e s eatessba s eenmaa s eesanesees 79
Annex A (informative): Relationship between the present document and the essential
requirements of Directive 2014/53/EU..............ccooeiiiiiiiieecd 80
Annex B (normative): Test sites and arrangements for radiated measurement...................... 83
0 A 1 {0 o 11 T2 1 o 1 83
T2 == T [ = o) T (TS A= 1 = 83
B.2.1 OPEN Area TESE SILE (OAT S)...itteitee e ettt et ettt e ettt e e amee e s sttt e e e e sttt et e e e e smmee e s snnbbeeeeeeaneeees 83
B.2.2 Y=Y 0 0 T g T=Ted (o T To30 = 0 16 o o TN 84
B.2.3 Fully ANechOiC ROOM (FAR)......eiiiieiiiieieie e eteer et reee st e e e s ettt e e e e s rmmee s e bt e e e e e e e annnes 85
B.2.4 Y (T O =T (=T A L] =Y g (o= TR 86
TS T AN o1 (=Y 10 = L= 87
B.3.1 [ (0o LU Tox 1] o 87

ETSI



7 ETSI EN 300 328 VV2.1.1 (2016-11)

B.3.2 (Y Lo E TS =T (=T L= UL (=] 0] = 87
B.3.3 Y oISy L UL Ao ] =Y 1 (] 1T TR 87
A I STy {0 LU 87
B.4.1 Conducted measurements and USE Of ST fIXIULE.........uuiiieuii e eeeer e e e e e e enaa s 87
B.4.2 DeSCription Of the TESE fIXTUIE. .....oii ettt eenb et e e s nnn e e e eeas 88
B.4.3 Using the test fixture for relative measuremMentS. ... e 88
B.5 Guidance on the uSe Of radiatiOBtBItES. .........u.iieiieii e e e errre st e s e e e e e eeaas 88
B.5.1 LY 0T [UTox 1o o TR 88
B.5.2 Power supplies for Batteryonly powered UUT...........uuuiiiiiiiiiiiiicceeiieiieieeee e s e e e e e e e s eerreerrrereeeaaeaaaaeae s 89
B.5.3 S 1 (= N 01 (=T 0= L= Vo) 89
B.6  Coupling OfSIgNaAlS.........ccooiiii e ee— 89
B.7 Interference Signal used for ADaptiVity TESES........cccuuriiiiiiiiiieeee e 89
Annex C (hormative): Measurement procedures for radiated measurement...............ccccuvenees a1
(@ A [ 011 o Yo ¥ o 1 o) 91
C.2 Radiated measurements in an OATS OF SAR.... oo eeeme e a1l
C.3 Radiated measurements iN @ FAR..........o oo et e e 92
C.4  SUDSHIULION MEASUIEIMEIE . ... iieeiiei it e e et e e et e et e s s s s st s s saa s e saa e ssassssbmnsssbnssssnsssnns 92
C.5 Guidance for testing technical reqUIrEMENES..........cccuuiiiiiiiieeeieee e 92
Cb5.1 [0 o 1o LU T3 1] o 92
C.5.2 Test procedures and cOrreSPONING tESE SIS ....uuuuuuiiii i i e e e eeeei e e e et e e e e e e e e e e eearaens 92
C.53 Guidance for testing Adaptivity (Channel Access Mechanism)..........cccooveiieiieeeiiiiii e 93
Cb53.1 L0 o [ T2 1o o 93
C.5.3.2 MEASUIEIMENT SID.....ceiiiiiie ittt e e s e e e eeees bbb e e ee e e e e e eeeeeeennn 93
C.5.33 Calibration of the MeasSUrEIMNE SEIUP........coiii i et e e e s sbbeeenes 94
C.5.34 BT 0 0 =1 0o TR 95
C54 Guidance for testing ReCE&VBIOCKING. .......ccooiiiiiiiiiiieee e e 95
C54.1 QY00 [UTe3 1 o] o T 95
C.54.2 MEASUIEIMENT SID.....eiiiiiiie ittt e e s e s st e e e eeees e b e e s e e e et e eeeeeeenn 95
C.54.3 Calibration of the measuremMeNnt SBY.............uuiiiiiii e e e e e e e e e eeaeeees 96
Cb5.4.4 B ST 0 1 =511 0o 96

Annex D (informative): Guidance for testi ndgqubmeht.GHz..l.LEBEE 802

D 00 [ 01 (0T [ B o 1o o AT PP P PP PRSPPI 97
D.2  POSSIDIE MOAUIALIONS. ...ttt eenr e e e e e 97
D.21 10T 18T o) o 1SS 97
D.2.2 (C10 o Pl o[t (o] g =TS 11T O PP SPTR PR 97
D.221 0T [T 1o o PRSP 97
D.2.2.2 Modulation Used for ConformancCe TESHNG. .......coiuuriiiiiiiieeiiiiie et 97
D.3  POSSIble Operating MOOES. .......ccooiiiiiiiiii et eesa e e e e e e e eeenr e e e e e e e e e e aaans a8
D.3.1 [ a1 o o 18 ot 1 o] o PO PP TP PRPRRRPRPPPUPRRPRY. 98
D.3.2 (10 To F=Tqlotc N (o] gl I =1S] (] Vo U TP T TP TR 98
Annex E (informative): Application form for teStNG ........ccooviiiiiiiiiiiii e 100
R [ 011 0T LU T 1o o PP 100
E.2 Information as required by ET&N 300328 V2.1.1, clause 5.4.L........cccceeviiiiiiiimemniniiieieeeennn 100
E.3 Configuration for ¢sting (see clause 5.3.2.3 of EEN 300 328 V2.1.1)......cccvvveeiiiiiiiiiiieannnne. 105
E.4 Additional information provided by the manufacturer...............oooiieeeiiiii e 105
E.4.1 1[0 o L8] E= 11T o NS PO 105
E.4.2 DULY CYCIR...cci ittt e ettt e e e e ettt eeeb et e e e e e s bbbt e e e e e ennb b e enntbe e e e e e ennbeeas 106
E.4.3 F N o101 1 L= U O O PR ORTPTPR 106
E.4.4 Additional items and/or supporting equipment Provided..........ccuviviieiiiccn e 106

ETSI



8 ETSI EN 300 328 V2.1.1 (2016-11)

Annex F (informative): Change HistOry........coooiiiiie e 107

History

ETSI



9 ETSI EN 300 328 V2.1.1 (2016-11)

Intellectual Property Rights

IPRs essential or potentially essential to the present document may have been declared to ETSI. The information
pertaining to these essential IPRs, if any, is publicly availablET& members and nonmembers and can be found
in ETSISR000314:"Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETSI in
respect of ETSI standardsihich is available from the ETSI Secretariat. Latest updageavailable on the ETSI Web
server fittps://ipr.etsi.org/

Pursuant to the ETSI IPR Policy, no investigation, including IPR searches, has been carried out by ETSI. No guarantee
can be given as to the existence ¢feotlPRs not referenced in ETSR000314 (or the updates on the ETSI Web
server) which are, or may be, or may become, essential to the present document.

Foreword

This HarmenizetHarmonised=uropean Standard (ENpas been produced B S| TechnicaCommittee
Electromagnetic compatibility and Radio spectrum Matters (ERM)

The present document has beee

Gemmussmwdmde@#eeﬁve—%/%%ﬁhe Commlssmn s standardlsatlon reﬂuﬁé(ZOlS) 5376 flnal

[i.14i2214] as-amended-by-Directive-98/48/E30 provide one voluntary means of conforming to the essential
reqguirements of Directive 2014/53/EU on the harmonisation of the laws of the Member&tdieg to the making
available on the market of radio equipment and repealing Directive 1999/51EEL].

Fhe-title-and-reference@ncethe preset documentre-intended-to-be-included-in-thepublicasaritedin the Official
Journal of the European Uniadtitles-and-references-of Harmonized-Standarderthe-Directive-1999/5/E@- 1]

See-article Bhat Directive, compliance with the normative clauses of the present document given in laddle A.

Directive-1999/5/EGi- 1 Horinformation-enconfers, within the limits of the scope of the present document, a
presumption of conformitgrdHarmeonizedStandards-orparts-thergoth the references-of-which-have-beenpublished
nthe-Official- Journal-of-the-Eurepean-Union.

Fhecorresponding essentigquirementselevanttof that Directive1999/5/EC]i-1}-aresummarizedn-annex-A and

associated EFTA requlations

National transposition dates

Date of adoption of this EN: 14 November 2016
Date of latest announcement of this EN (doa): 28 February 2017
Date of latest publication of new National Standard

or endorsement of this EN (dop/e): 31 August 2017
Date of withdrawal of any conflicting National Standard (dow): 31 August 2018

Modal verbs terminology

In the present documerghall’, "shall not', "should", "should not', "may", "may-het—need-—need not, "will",
"will not", "can" and "cannot’ are to be interpreted as described in clause 3.2 &Ti® Drafting RulegVerbal forms
for the expression of provisions).

"must" and 'must not' areNOT allowed in ETSI deliverables except when used in direct citation.
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Introduction

The present documeis

eever—all—radmand@eeemmumeaﬂensﬂmwbrs%de Band Data Transm|53|@qumenw{h+n4he—seep&of
the R&TTE Directive

Examples of Wide Band Data Transmission equipment are equipments suchl EEE 8 0 2 [i.3BJEFh&k L AN's

l.BluetootPwi r el ess technol ogies, ZigbeeE, etc.
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1 Scope

The present document applies to Wide Band Data Transmission equipment
The present document also describes spectrum access megntisdo facilitate spectrum sharing with otegquipment

Wide Band Data Transmission equipmeavered by the present document is operated in accordance wiER@e
Recommendation 703[i.6k6], annex 3or Commission Decision 2006/771/EiC7#] (and its amendmesi

This radio equipment is capable of operatinghmband2,4-GHz te-2,4835-GHwovidedin table 1

ApphecationsTable 1: Service frequency bands

Service freguency bands
Transmit |2 400 MHz to 2 483,5 MHz
Receive |2 400 MHz to 2 483,5 MHz

Equipmentusing Ultra Wide Band (UWB) technolog»}as not covered by th present document

The present documeistintended ; i i
which-statesontains requirements to demonstm:ﬁ—eradlo equmen$ha”—be—se%enstmeted—thamm effectlvely

usestheand supports the efficient use of radjmectrumaliocated-to-terrestrial/spaceradio-communications-and-orbital

resources-so-asorderto avoid harmful interferenée

2 References

2.1 Normative references

References are eithgpecific (identified by date of publication and/or edition number or version number) or
nonspecific. For specific references, only the cited version applies. Fespemific references, the latest version of the
referenceeferencd document (including anamendments) applies.

Referenced documents which are not found to be publicly available in the expected location might be found at
http://docbox.etsi.org/Reference

NOTE: While any hyperlinks included ithis clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are necessary for the application of the present document.

ETSI


http://docbox.etsi.org/Reference

12 ETSI EN 300 328 V2.1.1 (2016-11)

Not applicable.

2.2

Informative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. Fespamific references, the latest version of the
referencecferencd document (including any amendments) applies.

NOTE:

While any hyperlinks included in this clause were valid atithe of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents ai@ necessary for the application of the present document but they assist the
user with regard to a particular subject area

[i.1]

Directive 1999/5/EQ2014/53/EUof the European Parliament and of the Counc8-dfarch
199916 April 2014onthe harmonisation of the laws of the Member States relating to the making
available on the market afidio equipment angblecommunicationsterminal-equiient-and-the

mutualrecognition-of-their-conformity {R&FIrEpealingDirective}: 1999/5/EC.

Void.

[i. 4]

| EEE St d-2018:0[REE $tanBard for Information Technologlelecommunications and
information exchange between systerh®ecal and metropolitan area networSpecific
requirementsPart 11: Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY)
Specifications".

| EEE St d.-281 '2EEHR Standaffl for Information technologelecommunications
and information exchange between systeinscal and metrpolitan area networksSpecific
requirements. Part 15.4: Wireless Medium Access Control (MAC) and Physical Layer (PHY)
Specifications for LowRate Wireless Personal Area Networks (WPANSs)".

[i.6]
[i.7]

[i.8]

[i.9]

[i.10]

CEPT ERC Recommendation-D3 (1997): "Relating to the use 8hort Range Devices (SRD)".

Commission Decision 2006/771/EC of 9 November 2006 on harmonisation of the radio spectrum
for use by shortange devices.

ETSI TR 102 272 (V1.2.1): "Electromagnetic compatibility and Radi@spum Matters (ERM);
Improvement on Radiated Methods of Measurement (using test site) and evaluation of the
corresponding measurement uncertainties; Part 2: Anechoic chamber".

ETSI TR 102 2738 (V1.2.1): "Electromagnetic compatibility amadio spectrum Matters (ERM);
Improvement on Radiated Methods of Measurement (using test site) and evaluation of the
corresponding measurement uncertainties; Part 3: Anechoic chamber with a ground plane".

ETSI TR 102 2731 (V1.2.1): "Eletromagnetic compatibility and Radio spectrum Matters (ERM);
Improvement on Radiated Methods of Measurement (using test site) and evaluation of the
corresponding measurement uncertainties; Part 4: Open area test site".
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[i.17] ETSI TR 100 028 (V1.4.1): "Electromagnetic compatibility and Radio spectrum Matters (ERM);
Uncertainties in the measurement of mobile radio equipment characteristics; Part 2".

[i.12] Void.

[i.13] Void.

[i.14] Commission Implementing Decision C(2015) 5376 final of 4.8.2015 on a standardisation request

to the European Committee for Electrotechnical Standardisation and to the European

Telecommunications Standards Institute as regards radio equipment in sugpicettve

98/34#5@014/53/EUOf the European Parllament and of the Couaeﬂ%une—]rg%—langeewn
2 egulations

[i.15] ETSITR 100 028 (V1.4.1) (122001):"Electromagnetic compatibilitandefrules-en
Information-Society-servicedRadio spectrum Matters (ERM); Uncertainties in the measurement of
mobile radio equipment characteristics; Part

3 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of the present document, the terms and definitions gikeDirective 1999/5/EC(R&TTE

014/53/EUi.1i-4}theCouncil Birective 93/42/EEC(Medical- Devices-Directivel-13] and the following
apply:

adaptive equipment:equipmenbperating in an adaptive mode

adaptive frequency hopping:mechanism that allows a frequency hoppeagipmento adapt to itsadioenvironment
by identifying channels that are being used excluding them from the list of available channels

adaptive mode:mechanism-byiode inwhich equipment can adaig medium acceds itsradioenvironment by
identifying other tansmissions present in the band

adjacent channel:channels on either sidd# the nominal channel separated by the nominal channel bandwidth

adjacent hopping frequency:neighbouring hopping frequency which is separated by the minimum hopping frequency
separation

antenna assemblycombination of the antenna (integral or dedicitéd feeder (e.g. coaxial cable) and if applicable,
its antenna connector angsaciated switching components

NOTE: The gain of an antenna assembly (G) in dBi, does not include the additional gain that may result out of
beamformingThis term (antenna asmbly) refers to an antennanmected to one transmit chain.

beamforming gain: additional (antenna) gain realized by usig@mformingechniques in smart antenna systems
NOTE: Beamforminggain as used in the present document, does not include the giagnasitenna assembly

blacklisted frequency: hopping frequency occupied by frequency hopping equipment without having transmissions
during the dwell time

clear channel assessmeninechanism used lynequipmento identify other transmissioria the channel

combined equipment:any combination of nonadio equipment that requires a plingradioequipmento offer full
functionality

dedlcated antenna; removabl

mntenn%xtem%eﬂqeeqeuptnen%usmgenﬁnenn&eenﬂ@tassessed togetheith

eguipment
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NOTE—tis-the-combination-of dedicated-antenna-tiatadio equipmenthatis-expected-to-be-compliantwith
against the reqrements otheregulatbnspresent document

detect and avoid: mechanism which mitigates interference potential by avoiding use of frequencies upon detection of
other transmissions on those frequencies

direct sequence spread spectrunform of modulation where a combination of data to be transmitted and a known
code sequence (chip sequence) is used to directly modulate a-eagridn-phase-shift-keying

NOTE: The transmitted bandwidth is determined by the chip rate and the modugictieme.
dwell time: time between frequency charsger Frequency Hopping eipment

NOTE: The Dwell Time might comprise transmit, receive and idle phases of the equipment

energy detect:mechanism used by an LBT based adapiygipmento determine the psence of other devise
operating on the channel bassuddetecting the sigal level of that other device

frequency hopping spread spectrumspread spectrum technique in which ¢ggglipmenbccupies a number of
frequencies in time, each for some period of time, referred to as the dwell time

NOTE: Transmitter and receiverlfow the same frequency hop pattern. The frequency range is determined by
the lowest and highest hop positions #mel bandwidth per hop position.

geclocation capability: capability of equipment to determiite geographical location
hopping frequency: ary of the (centre) frequencies defined within the hopping sequersaa BHSSequipment

hostequipment any equipment which has complete user functionality when not connected to the radio equipment part
and to which the radio equipment part provides additional functionality and to which connection is necessary for the
radio equipment part to offer functiditg

idle period: period in timefollowing a transmission sequencerihg which the equipmemtoesnot transmit

integral antenna: antenna designed as a fixed part of the equipment, without the use of an external connector and
which cannotbe disconnecteddm the equipment by a user with the intent to connect another antenna

NOTE: An integral antenna may be fitted internally or externally. In the case where the antenna is external, a
nondetachable cablmaybe usedAn antenna usiniternal connectors tconnect to the internal radio
part €.9. printed circuiboard) isconsidered to be an integral antenna

Listen Before Talk (LBT) : mechanism by whichreequipmenfirst applies CCA before using the channel

load basedequipment: equipment whetesppesite-taframe-basedquipmentthe transmit/receive structure is

demanddriven
multi -radio equipment: radio, host or combined equipment using more than one radio transceiver

necessary bandwidth:width of the frequency band which is just sufficient to ensurérdmsmission of information at
the rate and with the quality required under specified conditions

nominal channel bandwidth: band of frequeneis assigned to a single channel
NOTE:  The Nominal Channel Bandwidth is declared by the manufacturer as outlickedise 534.1.

operating frequency: nominal frequency at which the equipment can be operttisds-alsoreferred-to-as-the
operating-centre frequency

NOTE: Equipment may be adjustable for operation at more than one operating frequency.
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out-of-band emission: emission on a frequency or frequencies immediately outside the necessary bandwidth which
results from the modulation process, but excludingssions in thepuriousdomain

plug-in radio equipment radio equipment module intended to be used with or within host, combined o alidti
equipment, using their control functions and power supply

power envelope:RF power versugequencycontour
power spectral density:meanpower in a givemeferencebardwidth
receive chain:receiver cicuit with an associated antenassembly
NOTE: Two or more receive chains are combined in a smart antessesnbly

smart antenna systemsequipment that combines multiple transmit and/or receive chains with a signadgingce
function to increase the throughput and/or to optimize its radiation and/or reception capabilities

NOTE: These aréechniques such as spatial multiplexibgamforming cydic delay diversity, MIMO, etc.

spurious emissionsemissions on a frequenoy frequencies which are outside the necessary bandwidth and the level
of which may be reduced without affecting the corresponding transmission of information

NOTE: Spurious emissions include harmonic emissions, parasitic emissions, intermodulationspaiaduct
frequency conversion products, but excludeafdband emissions.

stand-alone radio equipment:equipment that is intended primarily as communications equipment and that is normally
used on a standlone basis

ler: . itting. thaui : ;
transmission burst: period in time durin@ transmission duringhich the transmitteis continuously on
transmit chain: transmitter circuit with an associated anteaasembly

NOTE: Two or more transmit chains are combined Bn@art antenna system

ultra wide band technology:technology for shoftange radiocommunication, inwadhg the intentional generatiand
transmission of radifrequency energy that spreads over a very large frequanggywhich may overlap several
frequency bands allocated to radiocommunication services

wide band modulation: wide-bandnodulationisconsidered-toincludsuch aF=HSS DSSS OFDM, etc-that-meet
| o . finedhi | o =

3.2 Symbols

For the purposes ofdéipresentiocument, the followingymbok apply:

A number of active transmit chains
BWepan Channel Bandwidth

dBm dB relative to 1 milliwatt

dBr dB relative to peak power

dBW dB relative to 1 Watt

Fus Hopping Frequency Separation
GHz GigaHertz

Hz Hertz

kHz kiloHertz

MHz MegaHertz

mw milliWwatt

ms millisecond

MS/s MegaSamples per second

N Number of hopping frequencies
Pout Output Power

TxOff Transmitter Off

TxOn Transmitter On
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3.3 Abbreviations

For the purposes of the present document, the following abkions apply:

AC Alternating Current
AC/DC Alternating Current/Direct Current
ACK ACKnowledgement
AFH Adaptive Frequency Hopping
BW BandWidth
CCA Clear Channel Assessment
CE Conformité Européenne
CsSD Cyclic Shift Diversity
cw Continuous Wave
DAA DetectAnd Avoid
DC Duty Cycle
DSSS Direct Sequence Spread Spectrum
e.i.r.p. equivalent isotropically radiated power
e.r.p. effective radiated power
EMC ElectroMagnetic Compatibility
FAR Fully Anechoic Room
FFT Fast Fourier Transformation
FHSS Frequency HoppingBead Spectrum
HT High Throughput
ISM Industrial, Scientific and Medical
LBT Listen Before Talk
LPDA Logarithmic Periodic Dipole Antenna
MCS Modulation and Coding Scheme
MS/s MegaSamples per second
MU Medium Utilization
NACK Not ACKnowledged
OATS Open AirTest Site
OFDM Orthogonal Frequency Division Multiplexing
0o0B Out Of Band
R&FTE—— Radio-and-TelecommunicationsTerminal-Eguipment
PSD PowerSpectraDensity
PER Packet Error Rate
RBW Resolution BandWidth
RF Radio Frequency
RMS Root Mean Square
SAR SemiAnechoic Room
TL Threshold Level
TX Transmitter
uuT Unit Under Test
VBW Video BandWidth
4 Technical reguirements specifications
4.1 Environmental profile

The technical requirements of the present document apply under the environmental profile for opfettegion
equipment, which shall betatedleclaredy thesugplier
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manufacturerThe equipment shall comply with all the technical requirements of the present document at all times
when operating within the boundary limits of tlegjuiredieclaredoperationbenvironmental profile.

4.2 Equipment types

4.2.1 Modulation types

The present document defines two categoriéd/ioe Band Data Transmission equipment
1  Equipment usingrrequency Hopping Spad Spectrum (FHSS) modulation.
1  Equipment usingther types ofvide band modulatiore(g. DSSS, OFDM, efc.

The suppliemanufacturecancategorizehe equipment to any of the above as long as the equipment complies with the
corresponding requirements defined in either clause 4.3.1 or clauseT4i8.&. part of tk product information to be
declared by the manufactur&ee claus&.4.1.

See-alsoclause 31

4.2.2  Adaptive and non-adaptive equipment
The present document covers both aapand noradaptive equipment.

Adaptive equipment uses an automatiechanism which allows the equipment to adapt automatically adiis
environment by identifying frequencies that are being used by other equipment.

Nonradaptive equipment does not use such an automatic mechanism and hence are subject to cetitais nstric
respect taising the mediumsgeclauseclause4.3.1.6andclause4.3.2.5for Medium Utilization factor)in order to
ensure sharing with other equipment

Adaptive equipment may have more tltare adaptive mode implemented.
Adaptive equipment iallowed to operate in a neadaptive mode.
The equipment shall comply with the corresponding requirements in each of the modes in which it can operate.

Thesuppliemanufactureshall declare whether the equipment is adaptive equipment eadagiive equipment. In
case of adaptive equipment, thgppliemanufactureshall declare ifnore than one adaptive mode is implemented and
whetherthe equipment can also operataimonadaptive modeSee also clause34.1.

4.2.3 TechnicalReceiver categories

4.2.3.1 Introduction

The present document covers different receiver categories for which different reeqivieementsandor
corresponding limits apply.

4.2.3.2 Categorization

4.2.3.2.1 FechnicalReceiver cateqgory 1

Adaptive equipment with a maximuRF outpufpowergreater thari0 dBme.i.r.p. shall be considered as receiver
categoy 1 equipment.

4.2.3.2.2 Receiver cateqgory 2

Non-adaptive equipment with a Mediudtilization (MU) factorgreater thad % andess than or equab 10 %or
adaptive equipment with a manum RF outputpower of 10dBme.i.r.p. shall be considered as receiver category 2

equipment.
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4.2.3.2.3 Receiver category 3

Non-adaptive equipment with a maximum Medilttilization (MU) factor of 1 %or adaptive equipment with a
maximumRF outputpower of0 dBme.i.r.p. shall be considered as receiver category 3 equipment.

4.3 Conformance requirements

4.3.1 Reguirements for Frequency Hopping equipment

4311 Introduction

Equipment using FHSS modulation, and further referred to as Frequency Hopping equipment, shall comply with the
requirements in clauske3.1.2to clause4.3.13213.

For equipment using other forms of modulation, the requirements in eladi@shall apply
4312 RF output power

43121 Applicability

This requirement applies to all typesFoBquency ldpping equipment.

43.1.2.2 Definition

TheRF ouput power is defined as theeanequivalenisotropially radiated power (e.i.r.p.) of the equipmeuating a
transmission burst

4.3.1.2.3 Limit
The maximunRF outputpower for adaptive Frequency Hopping equipment shall be equal to or le20tdBm

The maximum RF output power for nadaptive Frequency Hoppimgjuipmenshall be declared by the
suppliemanufacturerSeeclause 534.1 m). The maximunRF outputpower forthis equipment shall be equal to or less
than the value declared by thapphemanufacturerThis declared value shall be equal to or less #fadBm

This limit shall apply foany combination of power level and intended antenna assembly.

43.1.2.4 Conformance

The conformance tests for this requirement{pest-ofthe-procdure}defined inclause 534.2 andspecificallyin clause
5.4.2.2.12.

4.3.1.3 Duty Cycle, Tx-sequence, Tx-gap

43131 Applicability

These requirements apply to Radaptive frequency hopping equipmentmadaptive frequency hopping equipment
operating in a noradaptive mode.

These requirementio notapply for equipment with a maximum declared RF Oupoiver of less than 10 dBm e.i.r.p.
or for equipmentvhenoperaing in a mode where the RF Output power is less than 10 dBm e.i.r.p.
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4.3.1.3.2 Definition
Duty Cycle is defined as the ratio of the total transmitieéftime to an observation period
The observation period equal te:

€ theaverageadwell timemultiplied by 100;

or

1 the average dwetime multipliedby 2 times the number of hopping frequendid$);

whichever is the greater

Tx-sequence is defined as a period in time during which a single or multiple transmissipiwccur and which shall
be followed by a T>gap These multiple tramsissions within a single Fsequence may take place on the same
hopping frequency or on multiple hopping frequencies.

Tx-gap isdefined as a period in time during which no transmissitoosron any of the hopping frequencies

NOTE—For nonadaptive frequency hopping equipment, the maximum Duty Cycle at which the equipment can
operate, is declared by teappliemanufacturerThe equipment may have a dynamic behaviour with regard to duty
cycle and corresponding power level. See cl&zg1 e).

4.3.1.3.3 Limit

For nonadaptive FHS®quipmentthe Duty Cycle shall be equal to or less thanntizimumvalue declared by the
suppliemanufacturerin addition, the raximum Txsequencéime shall beés ms while the ninimum Txgaptime shall
be5ms

43.1.34 Conformance

The conformance tests for this requirement{pest-ofthe proecdure}defined in claus&.34.2 andspecificallyin clause
5.4.2.2.1.3

4.3.1.4 Accumulated Transmit Time, Frequency Occupation and Hopping Sequence

43.1.4.1 Applicability

These requiremesitpply to all types of frequency hopping equipment.

4.3.1.4.2 Definition

The Accunulated Transih Time is the total of the transmittem’ times, during an observation period, on a particular
hopping frequency.

The Frequency Occupation is thember oftimes thateach hopping frequendéy occupied within a given perioé
_hopping frequency is considered to be occupied when the equipment selects that frequency from the hopping sequence.
The equipment may be trangting, receiving or stay idle during the Dwell Time spent on that hopping frequency.

TheHoppingSequence of &requencyhoppingequipments theunrepeategbattern of the hopping frequencies used by
the equipment.

43143 Limit

43.1.43.1 Non-adaptive frequency hopping equipment

The AccumulatedlransmitTime on any hopping frequency shall not be greater than 15 ms withiokemgyvation
period of 15 ms multiplied by the minimummiber of hopping frequencies (Kjat have to be used.
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In order for the equipment tomply with he Frequency Occupatioaquirementit shall meet eitheof the following
two options:

Option 1: Each hoppindrequencyof the hopping sequence shall be occupied at least once within a period
not exceeding four times the product of the dwell time and the nuphibepping frequencies in
use.

Option 2: The occupation probability for each frequency shall be bet{(@drJ) x 25 %) and 77% where

U is the number of hopping frequéas in use.

The hopping sequence(s) shall contain at least N hopping frequencies whésehthisr5 or 15the result oftl5 MHz
divided by the minimum Hopping Frequency Separation in MHz, whichever is the gheaterding to
claused.3.1.5.3.1 the minimum Hopping Frequency Separation foradaptive equipment is equal to the Occupied
Channel Bandwidth with a minimum of 100 kHz.

4.3.1.43.2 Adaptive frequency hopping equipment

Adaptive Frequency Hoppirgquipmenshall be capable of operating over a minimuni®@®6 of the band specified in
claus¢ablel.

The Accumulatedlransmit Time on any hopping frequency shadit be greater tha#00ms within anyobservation
period of 400 ms multiplied by the minimum number of hopping frequenciethéihave to be used.

In order for the equipment to comply with the Frequency Occupegiuirementit shall meet either of the following
two options:

Option 1: Each hoppindrequencyof the hopping sequence shall be occupied at least once within a period
not exceeding four times the product of the dwell time and the number of hopping frequencies in
use.

Option 2: The occupation probability for each frequency shall be bet{@erJ) x 25 %) and 77% where

U is the number of hopping frequencies in use.

The hopping sequence(s) shall contain at least N hopping frequencies at all times, wiedtieaNLs orthe result of
15 MHz divided by the minimum Hopping Frequency Separation in MHz, whichever is the greater.

43.1.4.4 Other Requirements

For norAdaptive Frequency Hopping equipment, from the N hopping frequencies defined in4Rwisé.3.1labove
the equipment shall transmit ohleast onéhopping frequengcwhile other hopping frequencieseblacklisted

For equipment that blacklsbne or more hopping frequencies, these blacklistglienciesare considered as active
transmitting for the calulation of the MU factor of thequipment See also clause3.2.21.3, step3,-second, first
bullet itemand clause 84.2.2.1.4 step 3 pote-dirst bullet item, second paragraph

For Adaptive Frequency Hopping equipmendnfi the N hopping frequencies definectlause 4.3.1.4.3.2bove, the
equipment shaltonsiderat leastonehopping frequengfor its transmissiongProviding that there is no interference
present on tis hoppingfrequeng with a level above the detection threshold defined in clau&é.7.2.2point 5 or
claused.3.1.73.2, point 5, then the equipment shall have transmissiorthishoppingfrequeng.

For nonAdaptive Frequency Hopping equipmentem not transmittingra hopping frequency, the equipment has to
occupy that frequency for the duration of thpical dwell time(see also definition for blacklisted frequency in
clause3.1).

For Adaptive Frequency Hoppingguipmenusing LBT based DAA, i& signalis detectd during the CCA, the
equipmenimay jump immediately to the next frequency in the hopping sequence (seedcBlisé2.2point 2)
provided the limit for maximum dwelime is respected

ETSI



21 ETSI EN 300 328 V2.1.1 (2016-11)

43.1.45 Conformance

The conformance tests for this requirement are defined in cta2&kd. Alternatively, for demonstrating compliance
with the Accumulated Transmit Timequirementthe manufacturer may providestatistical analysiso demonstrate
that the requirement cdoe met with a probability of 9%. See claus&.34.1.

For equipment implementing Option 1 in clads®.1.4.3.1 oOption 1 inclause 4.3.1.4.3- jon
reguirement),in case compliance cannot be proven via measurements in bladge2.1 step 5(as theFrequency
Occupation in receive and idle modes cannot be measured), the manufacturer shall provide a statistical analysis to
demonstrateompliance withthe Frequency Occupation requiremenhis statistical analysis may be perfornimsd
simulation or mathematical analysis.

For equipment using Option 2 in claut8.1.4.3.1 oOption 2 inclause 4.3.1.4.3-&requency-Ocecupation
reguirement) the manufacturer shall provide a statistical analystetaonstrateompliance with this requirement

This statistical analysis may be performed by simulation or mathematical analysis.

4315 Hopping Frequency Separation

4.3.15.1 Applicability

This requirement applies to all types of frequency hopping equipment.

43.1.5.2 Definition

TheHopping FequencySeparation is the frequency separation betwegradjacent hopping frequencies.
4.3.1.5.3 Limit

43.153.1 Non-adaptive frequency hopping equipment

For nonadaptive Frequency Hopping equipmehg lHoppingFrequencySeparation shall be equia or greater than
the Occupied Channel Bandwidth (see clads®1.§, with a minimum separation of Q&kHz

For equipment with a maximum declared RF Output power level of less than 10 dBm e.i.r.p. or-éolaptine
Frequency Hopping equipment operating in a mode where the RF Output power is less than 10 dBmlg.fhep.
minimum Hopping Frequencyeparation of 100 kHapplies

43.1.53.2 Adaptive frequency hopping equipment
For adaptive Frequency Hopping equipmeme, tinimumHoppingFrequencySeparation shall be 100 kHz

Adaptive Frequency Hopping equipmgwhich thatswitched to a nomadaptive modéor one or more hopping
frequencieshas-switched-to-a-neadaptive-meodebecause interference was detectegibthese hopping
positiondrequenciesvith a level above the threshold level definedlause 4.3.1.7.2.2point 5or clause 4.3.1.7.3,2
point 5 is allowed to continue to operate with a minimum Hopping Frequency Separation of 186-ktse-hopping
frequenciess long as the interfereniseemaingpresent on thedsoppingfrequencies. The equipment shall caog to
operate in an adaptive mode on other hopping frequencies.

Adaptive Frequency Hopping equipment which decided to operate in-adamtive mode on one or more hopping
frequencies without the presence of interference, shall comply with thddimiibpping Frequency Separation for
nonadaptive equipment definéd clause4.3.1.5.3.X(first paragraphjor these hopping frequencies as well as with all
other requirements applicable to rataptive frequency hopping equipment.

43154 Conformance

The conformance tests for this requirement are defined in cla®&é.
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4.3.1.6 Medium Utilization (MU) factor

43.16.1 Applicability
This requirement doa®tapply to adaptive equipmeunhlessoperating in anonadaptivemode

In addition, this requin@ent does not apply for equipment with a maximum declared RF Output power level of less
than 10 dBm e.i.r.p. or for equipmemhen operatingn a mode where the RF Output power is less than 10 dBm e.i.r.p.

4.3.1.6.2 Definition

The MediumUtilization (MU) factor is a measure to quantify the amount of resources (Power and Time) used by
non-adaptiveequipment. The Mediurdtilization factor is defined by the formula:

MU = (PL/ 100 mW)x DC
where; MU is MediumUtilization factorin %.
_P is the RF output power as defined in cladu®1.2.2expressed in mW
_DC is the Duty Cyclas defined in claus#3.1.3.2expressedh %.

NOTE—The equipment may have dynamic behaviour with regard to duty cycle and corresponding power level.
See claus&.34.1¢€).

4.3.1.6.3 Limit

The maximum Mediuntilization factor for noradaptive Frequency Hopping equipment shall be 10 %.

43.1.6.4 Conformance

The conformance tests for this requirement(peat-oftheprocedur@defined in claus®.34.2 andspecificallyin clause
542214

4.3.1.7 Adaptivity (Adaptive Frequency Hopping)

43.1.7.1 Applicability

This requirement does not apply to radaptiveequipment or adaptive equipment operating in aadaptive mode
providing the equipment complies with the requirements and/or restrictions applicableadagutive equipment

In addition, his requirement does not apply for equipment with a maximutaietRF Output power level of less
than 10 dBm e.i.r.p. or for equipment @ioperaing in a mode where the RF Output power is less than 10 dBm e.i.r.p.

Adaptive Frequency Hopping equipment is allowed to operate in-ad@ptive mode providing it compéievith the
requirements applicable to nadlaptive frequency hopping equipme®ee also clause3.1.5.3.2.

Adaptive Frequency Hopping equipment is allowed to have Short Control Signalling Tsaimssi(e.g. ACK/NACK
signals, etg.without sensing the équency for the presence of other signals. See cfhske7.4

Adaptive Frequency Hoppind\FH) equipmenuses a Detect And Avoid (DAAnechanisnwhichallows a
equipmento adapt to itsadioenvironment by identifying frequencies that are being ugeatterequipment

Adaptive Frequency Hoppirggquipmenshall implemeneither ofthe DAA mechanismprovided in clausd.3.1.7.2or
clause4.3.1.7.3.

NOTE—Adaptiveequipmentrds allowed to switch dynamically between different adaptive modes.
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43.1.7.2 Adaptive Frequency Hopping using LBT based DAA

43.1.7.2.1 Definition

Adaptive Frequency Hoppingsing LBT based DAAs amechanism by which givenhopping frequengis made
‘'unavailablébecausan interferingsignalwasdetectedeforeanytransmissioron that frequencyl'his mechanism
shall operate as intended in f@sence oin unwanted signal on frequenc@hker than those of the operating band.

43.1.7.2.2 Requirements & Limits

Adaptive Frequency Hoppingigipment usind-BT based DAAshallcomply with the followingminimum set of
requirements:

1)

2)

3)

4)

5)

At the start of every dwell time gfiore transmission on a hopping frequency gtpeipmenshall perform a Clear
Channel Assessment (CCA) check using energy detect. The CCA observation time shall be notQega%stbén
the Channel Occupancy Timéth a minimum ofL8 ps. If theequipmenfinds the hopping frequency to be clear,
it may transntiimmediately

If it is determined thaa signalis present with a level above the detection threshold definsteing the hopping
frequency shall be marked ‘amavailablé Thenthe equipmentmayjump tothe next frequency in the hopping
scheme evendfore the end of the dwell timbut in that case thanavailabléchannelkannotbe considered as
being'occupiedand shall be disregarded with respect to the requiretaanaintain-af the minimumnumberof
15 hopping frequencieas defined in clause 4.3.1.4.3%&ternatively, theequipmentanremain on the frequency
during the remainder of the dwell time. However, if the equipment remains on the fregutimthe intention to
transmit,it shallperform anExtended CCA check iwhich the(unavailablexhannel is observed for a random
durationbetweerthe value defined for the CCA observation time in steantl5 % of theChannel Occupancy
Time defined instep3}.. If the Extended CCA check hatketerminedhe frequencyo be ndongeroccupied, the
hopping freguency becomes available agdfrthe Extended CCA time has determined the channel still to be
occupied, it shall perform new Extended CCA checks until the channel is no longer occupied.

The total time during which an eguienthastransmgsionson a given hopping frequency without-exaluating
the availability of that frequency is defined as the Channel Occupancy Time.

The Channel Occupancy Time for a given hopping frequency, which starts immediately after a succéssful CC
shall be less than 60 ms followed by an Idle Peoiochinimum 5% of the Channel Occupancy Time with a
minimum of 100 |s.

After the Idle Period has expirethe procedure as in stepshall be repeated before having new transmissions on
this hoppingrequency during the same dwell time.

EXAMPLE: An equipmentwith a dwell time of 400 ms can have 6 transmission sequences of 60 ms each,

separated with an Idle Period ofi%. Each transmission sequence was preceded with a successful
CCA check of 12Qus.

NOTE—For LBT baseddaptivefrequency hoppingquipmentvith a dwell time < 60 ms, the maximum Channel
Occupancy Time is limited by the dwell time.

‘Unavailabléchannels may be remové&®m or may remain in the pping sequence, but in any case:

- apart fran Short Control Signalling Transmissions reéefto in clausd.3.1.7.4 there shall be no
transmissions olunavailabléchannels

- aminimum ofN hopping frequencieasdefined in clause 4.3.1.4.3shall always be maintained.

The detection threshokhall be proportional to the transmit power of the transmitter: for a 20 dBm e.i.r.p.
transmitter the detection threshold le¢EL) shall be equatio or lessthan-70 dBm/MHz at the input to the
receiverfassuming a 0 dBreceivg antenng_assemblyThis threshold level (TL) may be corrected for the
(receive) antenna assembly gain (G); however, beamforming gain (Y) shall not be taken into Bocquower
levelsbelowless thar0 dBm e.i.r.p., the detection threshold level may be relax@t-to-70-dBmiMHz+{20

dBm-Poute-rp/t-MHz(Poutin-dBm).
TL =-70dBm/MHz +10 x qul_0 (100 mwW / Pout (Pout inmW e.i.r.p)
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6) The equipment shall comply with the requirements defined in step 1 to step 4 of the present clause in the presence

of an unwanted CW signal as defined in tahle

Table 2: Unwanted Signal parameters

Wanted signal mean power Unwanted signal Unwanted CW signal
from companion device frequency power (dBm)
(MHz)
sufficient to maintain the link |2 395 or 2 488,5 -35
(see note 2) (see note 1) (see note 3)

NOTE 1: The highest frequency shall be used for testing operating channels
within the range 2 400 MHz to 2 442 MHz, while the lowest
frequency shall be used for testing operating channels within the
range 2 442 MHz to 2 483,5 MHz. See clause 5.4.6.1.

NOTE 2: A typical value which can be used in most cases is -50 dBm/MHz.

NOTE 3: The level specified is the level in front of the UUT antenna. In case
of conducted measurements, this level has to be corrected by the
actual antenna assembly gain.

43.1.7.2.3 Conformance

The conformance tests for this requirement are defined in cla®3d.6 andmerespecifically inclause
53-+74.6.2.112.

43.1.7.3 Adaptive Frequency Hopping using other forms of DAA (non-LBT based)

43.1.7.3.1 Definition

Adaptive Frequency Hoppingsing other forms of DAA ia mechanisrdifferent from LBT,by which a given hopping
frequency is madeinavailablébecausénterferencaninterfeling signalwas reported after transmissgon that
frequency.This mechanism shall operate as intended irptesence of an unwanted signal on frequerdiesr than
those of the operating band.

43.1.7.3.2 Requirements & Limits

Adaptive Frequency Hoppingjeipment usingnonLBT based DAA shall comply with the followingminimum set of
requirements:

1) During normal operation, thequipmenshall evaluate thpresence oé signalfor each of its hopping frequencies.
If it is determined thaa signalis present with a level above the detection threshold definste@%) the hopping
frequency shall be marked ‘amavailablé

2) Thehoppingfrequency shall remain unavailalite a minimum time equal tb second ob times the actual
number of hopping frequenci@sthe current (adapted) channel meged by the equipmemultiplied withthe
Channel Occupancy Timehichever ighelengegireater There shall be ntransmissions during this perio
this hoppingfrequency After this, the hopping frequency may be considered again &ssaitablé frequency.

3) The total time during which an equipmérastransmssionson a given hopping frequency withoutegaluating
the availability of thahoppingfrequency is defined as the Channel Occupancy Time

The Channel Occupancy Time for a given hopping frequency shall be less than 40 ms. For equipment using a
dwell time > 40 ms thatantvansto have other transmissions thg the same hop (dwell time) an Idle Period

(no transmissions) of minimum% of the Channel Occupancy Period with a minimum of 196hall be
implemented.

After the Idle Period has expirethe procedure as in stepreedneed to be repeated before having new
transmissions on this hopping frequency during the same dwell time.

EXAMPLE: An equipmentwith a dwell time of 400 ms can ha9dransmission sequences4ff ms each,
separatd with an Idle Period of Bs.
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NOTE-For norLBT based frequency hoppiregiuipmentwith a dwell time < 40 ms, the maximum Channel
Occupancy Time may be namontiguous, i.e. spread over a number of hopping sequences (equahsalidiied
by thedwell time[ms]).

4) 'Unavailablechannels may be removed from or may remain in the hopping sequence, but in any case
- apart from the Short Control Signalling Transmissimfsrredto in clause 4.3.1.7.4here shall be no
transmissions olunavailabléchannels
- a minimum ofN hopping fequengesas defined in clause 4.3.1.4.312all always be maintained.

5) The detection threshold shall be proportional to the transmit power of the transmitter: for a 20 dBm e.i.r.p.
transmitter the detection threshold le¢EL) shall be equatio or lessthan-70 dBm/MHz at the input to the
receiverfassuming a 0 dBreceivg antenng assemblyThis threshold level (TL) may be corrected for the
(receive) antenna assembly gain (G); however, beamforming gain (Y) shall not be taken into Bocquower
levels below 20 dBm e.i.r.p., the detection threshold level may be relaféd+te70-dBm/MHz+{20-dBm-

TL = -70 dBm/MHz + 10 X0g;, (100 mW / Pout) (Pout in mW e.i.r.pn
6) The equipment shall comply with the requirements defined in step 1 to step 4 of the present clause in the presence
of an unwanted CW signal as defined in tahle
Table 3: Unwanted Signal parameters
Wanted signal mean power Unwanted signal Unwanted CW
from companion device frequency sighal power (dBm)
(dBm) (MHZz)
30 2395 0r 2 488,5 -35
- (see note 1) (see note 2)
NOTE 1: The highest frequency shall be used for testing operating
channels within the range 2 400 MHz to 2 442 MHz, while the
lowest frequency shall be used for testing operating channels
within the range 2 442 MHz to 2 483,5 MHz. See clause 5.4.6.1.
NOTE 2: The level specified is the level in front of the UUT antenna. In
case of conducted measurements, this level has to be corrected
by the actual antenna assembly gain.

4.3.1.7.3.3 Conformance

The conformance tests for this requirement are defined in cta®:54.6 andmerespecifically in clause

5.3:74.6.2.142.

43.1.7.4 Short Control Signalling Transmissions

43.1.7.4.1 Definition

Short Control Signalling Transmissions are transmisgigeslby Adaptive Frequency Hopping equipmémsend
control signals (e.gACK/NACK signals,etc) without sensing the frequency for the presenaativér signals

NOTE—Adaptive equipment may or may not have Short Control Signalling Transmissions.

43.1.7.4.2 Limits

If implemented Short Control Signalling Transmissions shall have a maximu@®n / (TxOn + TxOff)ratio of 10 %
within ary observation periodf 50 ns or within an observation period equal to the dwell time, whichewieis
shorteless

43.1.7.4.3 Conformance

The confomance tests for this requirement gpart of theprocedurg for the Adaptivity testinglefined in clause
5.3.74.6.2.112.
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4.3.1.8 Occupied Channel Bandwidth

43.18.1 Applicability

This requirement applies to all types of frequency hopping equipment.

4.3.1.8.2 Definition

The Occupied Channel Bandwidth is thendwidth that contair®9 % of the powerof the signalvhen considering a
single hopping frequency

4.3.1.8.3 Limits

The Occupied Channel Bandwidth for each hopping frequency shall fall compléteily the band given in
clausgablel.

For noradaptive Frequency Hopping equipment véthr.p greater than 10 dBm, the Occupied Channel Bandwidth
for every occupied hopping frequency shall be equal to or less th&lothmal Channel Bandwidtteclared by the
suppliemanufacturerSee claus&.34.1j). This declared value shall not be greater thafi-g.

43.1.8.4 Conformance

The conformance tests for this requirent are defined in clau$e3-84.7.
4.3.1.9 Transmitter unwanted emissions in the out-of-band domain

4.3.19.1 Applicability

This requirement applies to all types of frequency hopping equipment.

4.3.1.9.2 Definition

Transmitter unwanted emissions in the-ofsband domain are emissions when the equipment is in Transmit mode, on
frequerties immediately outside the necessary bandwidth which results from the modulation process, but excluding
spuriousemissions

4.3.1.9.3 Limit

The transmitter unwanted emissions in theaftband domairbut outside the allocated barsthall not exceed the
values provided by the mask in figute

NOTE—Within the2-400-MHz to-2 4835 MHpandspecified in table Jthe Out-of-bandemissions are fulfilled by
compliance with the Occupied Channel Bandwidth requirement in cfaBsk8.
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7
7/

Spurious Domain Out Of Band Domain (OOB) Allocated Band Out Of Band Domain (OOB) Spurious Domain

2400 MHz - 2BW 2 400 MHz - BW 2400 MHz 24835MHz 2483 5MHz + BW 24835 MHz + 2BW

A: -10 dBm/MHz e.i.r.p.
B: -20 dBm/MHz e.i.rp. BW = Occupied Channel Bandwidth in MHz or 1 MHz whichever is greater

C: Spurious Domain limits

Figure 1: Transmit mask

43194 Conformance

The conformance tests for this requirement are defined in cie2:94.8.
4.3.1.10 Transmitter unwanted emissions in the spurious domain

4.3.1.10.1 Applicability

This requirement applies to all types of frequency hopping equipment.

4.3.1.10.2 Definition

Transmitterunwantedcemissionsn the spurious domaiare emissionsutside thellocated band and outside the
out-of-banddomain as indicated in figurewthen the equipment is in Transmit mode.

4.3.1.10.3 Limit
Thetransmitter unwantedmissionsn the spurious domaishall not exceed the values given in table

NOTE—In case of equipment with antenna connecttiesse limits apply to emissions at the antenna port (conducted
and-to-thg Foremissions radiated lie cabinetir-case-efor emissions radiated ligtegral antenna equipment
(without temperaryantenna connectorshese limitsapphyto-emissionsradiated-by-the-equipraete.r.pfor

emissions up to 1 GHz and e.i.r.p. for emissions above 1 GHz

Table 24: Transmitter limits for spurious emissions

Frequency range Maximum power Bandwidth

30 MHz to 47 MHz -36 dBm 100 kHz

47 MHz to 74 MHz -54 dBm 100 kHz
74 MHz to 87,5 MHz -36 dBm 100 kHz
87,5 MHz to 118 MHz -54 dBm 100 kHz
118 MHz to 174 MHz -36 dBm 100 kHz
174 MHz to 230 MHz -54 dBm 100 kHz
230 MHz to 470 MHz -36 dBm 100 kHz
470 MHz to 862 MHz -54 dBm 100 kHz

862 MHz to 1 GHz -36 dBm 100 kHz
1 GHz to 12,75 GHz -30 dBm 1 MHz

4.3.1.104 Conformance

The conformance tests for this requirement are defined in claidén.9.
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4.3.1.11 Receiver spurious emissions

43.1.11.1 Applicability

This requirement applies to all types of frequency hopping equipment.

43.1.11.2 Definition

Receiver spuriousmissions are emissions at any frequency when the equipment is in receive mode.

4.3.1.11.3 Limit
The spurious emissions of the receiver shall not exceed the values given 2btable

NOTE—In case of equipment with antenna connectors, these limits appigissions at the antenna port (condugted
and-to-the Foremissions radiated by the cabindetcase-ofor emissions radiated ligtegral antenna equipment

(without temperaryantenna connectors), these lirafphy-to-emissionsradiated-by-the-equiprasne.r.pfor

emissions up to 1 GHz and e.i.fpr emissions above 1 GHz

Table 25: Spurious emission limits for receivers

Frequency range Maximum power Measurement
bandwidthBandwidth
30 MHz to 1 GHz -57 dBm 100 kHz
1 GHzto 12,75 GHz -47 dBm 1 MHz
4.3.1.11.4 Conformance

The conformance tests for this requirement are defined in cia®idd4.10.
4.3.1.12 Receiver Blocking

43.1.12.1 Applicability

This requirementiees-noetapphppliesto ren
categories as defineéd a-roradaptive-meode.

evel of less

e4+pclause 4. 2 3

4.3.1.12.2 Definition

Receiver blocking is a measure of dapabilityability of the adaptivity-mechanispgyuipmento eperate-as-intended
{see-clausd-3-1-Areceive a wanted signal on its operating chawitdlout exceeding a given degradatimnthe

presence of an unwanted signal (blocking signal) on frequencies other than those of the ahenatieigandhe
adjacentchanndiandprovided in table 1

43.1.12.3 LimitsPerformance Criteria

Adaptive-Frequency-Hepg-The minimum performance criter shall be a PER less than or equal t&/d.0rhe
manufacturer may declare alternatlve performance criteria as long as that is appropriate for the intended use of the

equipmen eclause 5.4.1.
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4.3.1.12.4 Limits

4.3.1.12.4.1 General

While maintaining the minimum performanceteriaasdefined inclause 4.3.Z2{LBT based-DAA)-orlause
4317 3nentBT based BAA)intheresencefal2.3 theblocking sighalwitheharactasticsaslevels at specified

frequency offsets shall be equal to or greater than the limits definduefapplicableeceiver categorprovided in
table3 6, table7 or table8.

4.3.1.12.4.2 Receiver Category 1

Table3:6 containghe Receiver Blocking parametefar Receiver Category 1 equipment.

Table 6: Receiver Blocking parameters for Receiver Category 1 equipment

Wanted signal mean Blocking signal Blocking Type of blocking
power from companion frequency signal power signal
device (dBm) (MHz) (dBm)
(see note 2)

2 380

P.. +6dB £ 20~ -

Emin 25035 R CW
2 300

PLint6dB 2330 -47 CcwW
2 360
25235
25535

NOTE 1. P,is the minimum level of wanted signal (in dBm) required to meet the

minimum performance criteria as defined in clause 4.3.1.12.3 in the absence of
any blocking signal.

NOTE 2: The levels specified are levels in front of the UUT antenna. In case of
conducted measurements, the levels have to be corrected by the actual
antenna assembly gain.

43.1.12.4.3 Receiver Category 2

Table7 contains the Receiver Blocking parameters for Receiver Category 2 equipment.

Table 7: Receiver Blocking parameters receiver category 2 eqguipment

Wanted signal mean Blocking signal Blocking Type of blocking
power from companion frequency signal power signal
device (dBm) (MHz) (dBm)
(see note 2)
2 380
P . +6dB £=20r -
—min 2 503 5 ﬂ C_W
2 300
P_. +6dB o -
“min 25835 47 Cw

NOTE 1. P, ,is the minimum level of the wanted signal (in dBm) required to meet the

minimum performance criteria as defined in clause 4.3.1.12.3 in the absence of
any blocking signal.

NOTE 2: The levels specified are levels in front of the UUT antenna. In case of
conducted measurements, the levels have to be corrected by the actual
antenna assembly gain.
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Table8 contains the Receiver Blocking parameters for Receiver Category 3 equipment.

Table 8: Receiver Blocking parameters receiver category 3 equipment

Wanted signal mean Blocking signal Blocking Type of blocking
power from companion frequency signal power signal
device (dBm) (MHZz) (dBm)
(see note 2)
2 380
P . +12dB £ 202 -
Emin 25035 57 Cw
2 300
P_. +12dB £y -
iR 25835 47 cw
NOTE 1. P, ,is the minimum level of the wanted signal (in dBm) required to meet the
minimum performance criteria as defined in clause 4.3.1.12.3 in the absence of
any blocking signal.
NOTE 2: The levels specified are levels in front of the UUT antenna. In case of
conducted measurements, the levels have to be corrected by the actual
antenna assembly gain.

4.3.1.12.5 Conformance

The conformanceests for this requirement apert-ofthe-conformance-tesisfinedferadaptivityin clauses.3-#and

4.3.1.13 Geo-location capability

4.3.1.13.1 Applicability

This requirement only applies to equipment vgéuo-locationcapabilityas defined in clause 4.3.1.13.2

4.3.1.13.2 Definition
Geclocationcapabilityis a featureof theequipment to determine its geographical locatigtih the purposé¢o
configure itself according to the regulatory requirements applicdlitee geographical location where it operates.

The geclocation capability ray be present in the equipment or in an external device (temporary) associated with the
equipment operating at the same geographical location during the initial power up qiffraent.The geographical
locationmay also be available in equipment already installed and operating at the same geographical location.

4.3.1.13.3 Requirements

The geographical location determined by the equipment as défimtalise 4.3.1.13.@hall nd be accessible to the
user.

4.3.2  TFechnicalrequirementsRequirements for other types of Wide Band
modulation
4321 Introduction

Equipment using wide band modulations other than Fid®§uipment thatypically operates on a fixed frequengsee
pete). This equipmenshall comply with the requirements in clays8.2.2 to clause 4.32412.

NOTE—The equipment is allowed to changeritsmaloperating frequencwhen interference idetected, or to
prevent causing interference into otkeguipmenbr for frequency planning purpose

For equipment using FHSS modulation, the requiremerdkirse 4.3.5hall apply.
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4.3.2.2 RF output power

43221 Applicability

This requirement applies to all types of equipment using wide band modulations other than FHSS.

43.2.2.2 Definition

The RF outputpower is defined as thmean equivalerisotropic radiated power (e.i.r.p.) of the equipmeunting a
transmission burst

4.3.2.2.3 Limit

For adaptive equipment using wide band modulations other than FHSS, the makautputpower shall be
20dBm.

The maximum RF output power for nanaptive equipment shall be declared bysitagpliemanufactureand shall not
exceed 2@Bm. See clausg.34.1 m). For noradaptive equipment using wide band modulations other than FRSS, t
maximumRF outputpower shall be equal to or less thanthkie declared by theuppliemanufacturer

This limit shall apply for any combination of power level and intended antenna assembly.

43.2.2.4 Conformance

The conformance tests for this requienmhare(part-of-the procdure}defined in claus&.34.2 andspecifically, in
clause 5.4.2.2.2.

4.3.2.3 Power Spectral Density

43231 Applicability

This requirement applies to all types of equipment using wide band modulations other than FHSS.

4.3.2.3.2 Definition

The Power SpectralDensity(PSD)is the mean equivalent isotropically radiated powseirr(p) spectradensityin al
_MHz bandwidthduring a transmission burst.

4.3.2.3.3 Limit

For equipment using wide band modulations other than FHSS, the maowenSpectralDensityis limited to
10dBmperMHz.

43234 Conformance

The conformance tests for this requirement are defined in cla3s8.
4.3.2.4 Duty Cycle, Tx-sequence, Tx-gap

4.3.2.4.1 Applicability

These requirementgpplyto nonadaptive equipment or to adaptive equipmenénoperating in a noadaptive mode.
The equipment is using wide band modulations other than FHSS.

These requirements do not apply for equipmetih wimaximum declared RF Output power level of less than 10 dBm
e.i.r.p. or for equipmenwvhenoperaing in a mode where the RF Output power is less than 10 dBm e.i.r.p.
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4.3.2.4.2 Definition

Duty Cycle is defined as the ratio of the total transmitieftime to a 1secondobsevation period.

Tx-sequence is defined as a period in time during which a single or mtéipamissions may occur and whitmall
be followed by a T>gap.

Tx-gap is defined as a period in time during which no transmissitms.

NOTE—The maximum Duty Cycle at which the equipment can opesatieclared by theuppliemanufacturer

4.3.2.4.3 Limit
The Duty Cycle shall be equal to or less thannlaimumvalue declared by theuppliemanufacturer

The Txsequence time shall be eqtmabr less than 10 m§he minimum Txgap time following a Txsequence shall be
equal to the duration of thatqueeding Txsequence with a minimum ofs3ms.

43.24.4 Conformance

The conformance tests for this requirement{peat-oftheprocedur@defined in claus&.34.2 andspecificallyin clause
5.4.2.2.1.3

4325 Medium Utilization (MU) factor

43251 Applicability
This requirement does not apply to adaptive equipment unless operating hadapdive mode

In addition, this requirement does not apply for equipment with a maximum declared RF Output power level of less
than 10 dBm e.i.r.p. or for equimt when operating in a mode where the RF Output power is less than 10 dBm e.i.r.p.

43.25.2 Definition

The MediumUtilization (MU) factoris a measure to quantify the amount of resources (Power and Time) used by
norradaptiveequipment. The Mediurdtilization factor is defined by the formula:

MU = (P£/ 100 mW)x DC
where: MU is MediumUtilization.
P is the RF output poweas defined in claus& 3.2.2.2expressed in m\W
DC is the Duty Cyclas defined in claus&3.2.4.2expressed in %

NOTE—The equipment may have dynamic behaviour with regard to duty cycle and corregpomaer level.
Seeclause5.34.1¢€).

43253 Limit

For nonadaptive equipment using wide band modulations other than FHSS, the maximum Niitlization factor
shall be 10 %.
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43.25.4 Conformance

The conformance tests for this requirement(peat-of-the-proeture}defined in clausé.34.2 andspeifically in clause
5.4.2.2.1.4

4.3.2.6 Adaptivity (adaptive equipment using modulations other than FHSS)

43.26.1 Applicability

This requirement does not apply to radtaptive equipment or adaptive equipment operating in @adaptive mode
providingthe equipment complies with the requirements and/or restrictions applicable-ao&otive equipment.

In addition, his requirement does not apply for equipment with a maximum declared RF Output power level of less
than 10 dBm e.i.r.p. or for equipment @ioperaing in a mode where the RF Output power is less than 10 dBm e.i.r.p.

Adaptive equipment using modulations other than FHSS is allowed to operate kadaptive mode providing it
complies with the requirements applide to noradaptive equipment

An adaptiveequipmenusing modulations other than FH&Sequipmenthat uss a mechanism by whicih can adapt
to itsradioenvironment by identifying other transmissions presétitin its Occupied Channel Bandwidth

Adaptiveequipmenusing modulatias other than FHSS shall implemeither ofthe Detect and Avoid mechanism
providedin clause4.3.2.6.2or clause4.3.2.6.3.

Adaptiveequipmentis allowed to switch dynamically between different adaptive modes.
4.3.2.6.2 Non-LBT based Detect and Avoid

43.2.6.2.1 Definition

Non-LBT basedDetect and Avoid is a mechanidor equipment using wide band modulations other than Fat®iSy
which a given channel is matimavailablébecausénterferencaninterfering signalwas reported after the
transmissiorin that channelThis mechanism shall operate as intended irptheence of an unwanted signal on
frequencie®dther than those of the operating band

4.3.2.6.2.2 Requirements & Limits

Equipment usinge modulation other than FHSS and usingnonLBT basedDetect and Avoidnechanismshall
comply with the followingminimum set ofequirements:

1) During normal operation, thequipmenshall evaluate thpresence of a signah its current operating chann#i
it is determined that signalis present with a level above the detection threshold defimatep5) the channel
shall be marked danavailablé

2) Thechannekhall remain unavailable for a minimum time equal taafter whichthe channelmay be considered
again as afavailable channel

3) The total timeduring whichanequipmenthastransmissions on a given channel withouévaluating the
availability of that channels defined as the Channel Occupancy Time.

4) TheChannel Occupancy Timghall beless tha 40 ns. Each such transmission semce shall be followelly an
Idle Period (no transmissions) of minimub® of theChannel Occupancy Time withminimum of100 us. After
this, the procedure as $tep 3 needto be repeated.

5) The detection threshold shall be proportional to the trargomier of the transmitter: for a 20 dBm e.i.r.p.
transmitter the detection threshold le¢EL) shall be equato or lessthan-70 dBm/MHz at the input to the
receiverfassuming a O dBreceivg antenng_assemblyThis threshold level (TL) may be corredtéor the
(receive) antenna assembly gain (G); however, beamforming gain (Y) shall not be taken into Bocquower
levelsbelowless tharP0 dBm e.i.r.p., the detection threshold level may be relaxed to

TL =-70 dBm/MHz +26-4Bm-10 x10g;, (100 mW/ Pou) _ (Pout in mWe.i.r.pj.)
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6) The equipment shall comply with the requirements defined inlskédz{Pout-in-dBm}o step 4 of the present
clause in the presence of an unwanted CW signal as defined i®table

Table 9: Unwanted Signal parameters

Wanted signal mean power Unwanted signal Unwanted CW
from companion device frequency signal power (dBm)
(dBm) (MHZz)
30 2395 or 2 488,5 -35
- (see note 1) (see note 2)

NOTE 1: The highest frequency shall be used for testing operating
channels within the range 2 400 MHz to 2 442 MHz, while the
lowest frequency shall be used for testing operating channels
within the range 2 442 MHz to 2 483,5 MHz. See clause 5.4.6.1.

NOTE 2: The level specified is the level in front of the UUT antenna. In
case of conducted measurements, this level has to be corrected
by the actual antenna assembly gain.

4.3.2.6.2.3 Conformance

The conformance tests for this requirement are defined in cla®3d.6 andmerespecifically inclause
53+74.6.2.123.

4.3.2.6.3 LBT based Detect and Avoid

43.26.3.1 Definition

LBT based Detect and Avoid a mechanisnby which equipment using wide band modulations other than FHSS,
avoids transmissions in a channel in the presenethef-transmissions-in-that-charareinterfering signah that
channel.This mechanism shall operate as intended irpteeence of an unwanted signal on frequenutiesr than
those of the operating band

4.3.2.6.3.2 Requirements & Limits

43.2.6.3.2.1 Introduction

The present document definego types ofadaptive equipment using wide band modulations other than FHSS and that
uses an LBT based Detect and Avoid mechaniE@me Based Equipment and Load Based Equipment.

Adaptive equipment which is capable of operating as either Load Based Equipment or aBasadnEquipment is
allowed to switch dynamically between these types of operation.

4.3.2.6.3.2.2 Frame Based Equipment
Frame Based Equipmesihallcomply with the followingrequirements:

1) Before transmissiortheequipmenshall perform a Clear Channel Assessment (CCA) check using energy detect.
Theequipmenshall observe the operating channel for the duration of the CCA observation time which shall be
not less thai8 ps. The channel shall be considered occupied if teeggrievel in the channel exceeds the
threshold given istep5) below. If theequipmenfinds the channel to be clear, it may transmit immediatebe
figure 2 below.

2) If the equipmenfinds the channel occupied, it shafit transmit on this channel diog thenextFixed Frame
Period

NOTEL—The equipment is allowed to switch to a remaptive mode and to continue transmissions on this
channel providing it complies with the requirements applicabf®n-adaptiveequipment

_Seeclause 4.3.8.1. Alternatively, the equipment is also allowed to contihert Control Signalling
Transmissions on this channel providing it complies with the requirergemets in clausel.3.2.6.4.

3) The total time during which an equipment has transmissions on a gi&enettwithout reevaluating the
availability of that channel, is defined as the Channel Occupancy Time.
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TheChannel Occupancy Tinghall be in the rangerhs to 10msfollowed by anldle Periodof at least 3% of the
Channel Occupancy Timesed in theequpmentfor the current Fixed Franteeriod See figure 2 below

4)  Anequipmentupon correct reception of a packet which was intended for this equipareskip CCA and
immediately(seenote2also next paragrapiproceed with the transmission mBinagemerénd controframes
(e.g- ACK and Block ACK frames are allowed but data frames are not allowetnsecutive sequencesafch
transmissions by the equipment without a new CCA shall not exceeth#timumChannel Occupancy Time

NOTE2—For the purpose ahulti-cast, the ACK transmissions (associated with the same data packet) of the
individual devices are allowed to take place in a sequence.

5) The energy detection threshold for the CCA shall be proportional to the transmit power of the transmitter: for a
20dBm e.i.r.p. transmitter the CCA threshold level (TL) shall be emuad lessthan-70 dBm/MHz at the input
to the receivefassuming a 0 dBreceivg antenn® assemblyThis threshold level (TL) may be corrected for the
(receive) antenna assembly méG); however, beamforming gain (Y) shall not be taken into accBanpower
levelsbelowless tharP0 dBm e.i.r.pthe CCA threshold level may be relaxedio=—70-dBm/MHz+(20dBm-

Pout-edr-pit-MHz(Pout-in-dBmy.
TL =-70 dBm/MHz + 10 >40ql_0 (100 mW / Pout) (Pout in mW e.i.r.n

6) The equipment shall comply with the requirements defined in step 1 to step 4 in the present clause in the presence
of an unwanted CW signal as defined in talile

Table 10: Unwanted Signal parameters

Wanted signal mean power Unwanted signal Unwanted signal
from companion device frequency power (dBm)
(MH2z)
sufficient to maintain the link 2 395 or 2 488.,5 -35
(see note 2) (see note 1) (see note 3)

NOTE 1: The highest frequency shall be used for testing operating
channels within the range 2 400 MHz to 2 442 MHz, while the
lowest frequency shall be used for testing operating channels
within the range 2 442 MHz to 2 483,5 MHz. See clause 5.4.6.1.

NOTE 2: A typical value which can be used in most cases is -50 dBm/MHz.

NOTE 3: The level specified is the level in front of the UUT antenna. In case
of conducted measurements, this level has to be corrected by the
actual antenna assembly gain.

An example othetiming for Frame Based Equipment is provided in figure 2.

focd

JuT '
cecA
uuT

Transmissions

Fixed Frame Period

Y

Channel Occupancy Time : ldle Period

A
A
Y

Figure 2: Example of timing for Frame Based Equipment

ETSI



36 ETSI EN 300 328 vV2.1.1 (2016-11)

4.3.2.6.3.2.3 Load Based Equipment

Load Based Equipment may implementlaBT basedspectrum sharing mechanism based orClear Channel
AssessmentqCA) mode using energy deteas described in IEEB 0 2 . -20128i.3i-3}], clause9, clauselo,
clausel6, clausel7,clausel9 andclause20, or i n | E-POFL[i.8-9] Xlaubed, clduge5 andclause8
providingthey-complyhe equipmentompieswith the conformanceequirementseferredto in clause4.3.26.3.4.
Load Based Equipmenit using any of the mechanisneserencedbove hall comply with the followingninimum
set ofrequirements:

1) Beforeatransmissioror a burst of transmissionthe equipment shall perforaxClear Channel Assessment
(CCA) check using energy detect. The equipment shall observe the operating channel for the duration of the CCA
observation time which shall be not less th&mus. The channel shall be considered occupied if the energy level
in the channel exceeds the threshgiven in stefb) below. If the equipment finds the channel to be clear, it may
transmit immediately.

2) If the equipmenfinds the channel occupied, it shall not transmit on this channeh¢eg).also the next
paragraph Theequipmenshall perform arExtended CCA check in which the channel is observed fandon
durationin the range between 1& and at least 160 ps. If the extended CCA check has determined the channel to
be no longer occupied, the equipment may resume transmissions on this dh#mn&lxtended CCA time has
determined the channel still to be occupied, it shall perform new Extended CCA checks until the channel is no
longer occupied.

NOTEZ: The Idle Period in between transmissigsonsidered to be the CCA or the Extended CCA check
as there are no transmissions during this period.

NOTE2—The equipment is allowed to switch to a remtaptive mode and to continue transmissions on this
channel providing it complies with the requirements applicable teadaptiveequipmentAlternatively, the
equipment is also allowed to continBhort ControlSignalling Transmissions on this channel providing it
complies with the requiremeng$ven in clausel.3.2.6.4

3) The total time that an equipment makes use of a RF channel is defined as the Channel Occupancy Time. This
Channel Occupancy Time shall be léssn13 ms, after which the device shall perfoanmewCCA asdescribed
in stepl) above.

4) The equipment, upon correct reception of a packet which was intended for this equipmskip CCA and
immediately (se@ote3also next paragraplproceed with théransmission of management and control frames
(e.g- ACK and Block ACK frames are allowed but data frames are not allowed). A consecutive sequence of
transmissions by the equipment without a new CCA shall not exceed the maximum channel occupancy time as
ddfined instep3} above.

NOTE3:—For the purpose of multast, the ACK transmissions (associated with the same data packet) of the
individual devices are allowed to take place in a sequence.

5) The energy detection threshold for the CCA shall be proporttorthe transmit power of the transmitter: for a
20dBm e.i.r.p. transmitter the CCA threshold level (TL) shall be emuad lessthan-70 dBm/MHz at the input
to the receivefassuming a 0 dBireceivg antenng assemblyThis threshold level (TL) malye corrected for the
(receive) antenna assembly gain (G); however, beamforming gain (Y) shall not be taken into Bocquower
levelsbelowless thar0 dBm e.i.r.p., the CCA threshold level may be relaxeblie—70-dBm/MHz +(20-dBm-

Pout-edrpit-MHz(Pout-in-dBmy).
TL =-70 dBm/MHz + 10 >4oqm (100 mW / Pout) (Pout in mW e.i.r.p

6) The equipment shall comply with the requirements defined in step 1 to step 4 of the present clause in the presence
of an unwanted CW signal as defined in table
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Table 11: Unwanted Signal parameters

Wanted signal mean power Unwanted signal Unwanted signal
from companion device frequency power (dBm)
(MH2)
sufficient to maintain the link 2 395 or 2 488,5 -35
(see note 2) (see note 1) (see note 3)

NOTE 1: The highest frequency shall be used for testing operating
channels within the range 2 400 MHz to 2 442 MHz, while the
lowest frequency shall be used for testing operating channels
within the range 2 442 MHz to 2 483,5 MHz. See clause 5.4.6.1.

NOTE 2: A typical value which can be used in most cases is -50 dBm/MHz.

NOTE 3: The level specified is the level in front of the UUT antenna. In case
of conducted measurements, this level has to be corrected by the
actual antenna assembly gain.

43.2.6.3.4 Conformance

The conformance tests for this requirement are defined in cte2:54.6 andmerespecifically inclause
5.3-74.6.2.134.

4.3.2.6.4 Short Control Signalling Transmissions

43.2.6.4.1 Definition

Short Control Signalling Transmissions are transmissiseslby adaptive equipmertb sendcontrolsignals
(e.g.ACK/NACK signals,etc) without sensing theperating channdor the presence afthersignak.

NOTE—Adaptive equipment may or may not have Short Control Signalling Transmissions.

43.2.6.4.2 Limits

If implemented Short Control Signalling Transmissionsagfaptive equipment using wide band modulations other than
FHSS shall have a maximuixOn / (TxOn + TxOff)ratio of 10 % within an observation period &0 ms

NOTE: Duty Cycleis defined in clausd.3.2.4.2.

4.3.2.6.4.3 Conformance

The conformance tests for this requirement are defined in cte2:54.6.2.1.3 (for nonL BT based adaptive equipment
using modulations other than FHSS) or clause 5.4.6.2.1.4 (for LBT based adapifveesgusing modulations other

than FHSS)

4.3.2.7 Occupied Channel Bandwidth

43271 Applicability

This requirement applies to all types of equipment using wide band modulations other than FHSS.

4.3.2.7.2 Definition

The Occupied Channel Bandwidth is tiendwidth that contains 9% of the power of the signal

4.3.2.7.3 Limits
The Occupied Channel Bandwidth shall fall completeiyin the band given ielaus¢ablel.

In addition, br nonadaptiveequipmenusing wide band modulations other than FHSShwitidl e.i.r.p greater than
10dBm, the occupied channel bandwidth shall be less thau-20
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43.2.7.4 Conformance

The conformance tests for this requirement are defined in cla®i84.7.
4.3.2.8 Transmitter unwanted emissions in the out-of-band domain

43281 Applicability

This requirement applies to all types of equipment using wide band modulations other than FHSS.

4.3.2.8.2 Definition

Transmitter unwanted emissions in the-ofsband domain are emissiondien the equipment is in Transmit moda,
frequencies immediately outside the necessary bandwidth which results from the modulation process, but excluding
spuriousemissions

4.3.2.8.3 Limit

The transmitter unwanted emissions in thea@tband domain but outside the allocated band, shall not éxhee
values provided by the mask in figure 3.

NOTE—Within the2-400-MHzte-2-483,5-MHbandspecified in table lthe Out-of-bandemissions are fulfilled by
compliance with the Occupied Channel Bandwidth requirement in cla8s27.

{(r
7/

Spurious Domain Out Of Band Domain (OOB) Allocated Band Out Of Band Domain (OOB) Spurious Domain

2400 MHz - 2BW 2 400 MHz - BW 2400 MHz 24835MHz  24835MHz + BW 24835 MHz + 2BW

A: -10 dBm/MHz e.i.r.p.
B: -20 dBm/MHz e.i.rp. BW = Occupied Channel Bandwidth in MHz or 1 MHz whichever is greater

C: Spurious Domain limits

Figure 3: Transmit mask

43.28.4 Conformance

The conformance tests for this requirement are defined in cka3i$4.8.
4.3.2.9 Transmitter unwanted emissions in the spurious domain

4.3.29.1 Applicability

This requirement applies to all types of equipment usiitig band modulations other than FHSS.

4.3.2.9.2 Definition

Transmitter unwanted emissions in the spurious domain are emissions outsitiectited band and outside the
Out-of-bandDomain as indicated in figure 3 when the equipment is in Transmit mode.

ETSI



39 ETSI EN 300 328 vV2.1.1 (2016-11)

4.3.2.9.3 Limit
Thetransmitter unwantedmissionsn the spurious domaishall not exceed the values given in tadflg.

NOTE—In case of equipment with antenna connectors, these limits apply to emissions at the antenna port fconducted
and-to-thg Foremissions radiated by the cabidetcase-efor emissions radiated ligtegral antenna equipment

(without temperaryantenna connectors), these lingfsply-to-emissions-radiated-by-the-equipraene.r.pfor

emissions up to 1 GHz and as e.i.fgr.enissions above 1 GHz

Table 212: Transmitter limits for spurious emissions

Frequency range Maximum power Bandwidth

30 MHz to 47 MHz -36 dBm 100 kHz

47 MHz to 74 MHz -54 dBm 100 kHz
74 MHz to 87,5 MHz -36 dBm 100 kHz
87,5 MHz to 118 MHz -54 dBm 100 kHz
118 MHz to 174 MHz -36 dBm 100 kHz
174 MHz to 230 MHz -54 dBm 100 kHz
230 MHz to 470 MHz -36 dBm 100 kHz
470 MHz to 862 MHz -54 dBm 100 kHz

862 MHz to 1 GHz -36 dBm 100 kHz
1 GHz to 12,75 GHz -30 dBm 1 MHz

4.3.29.4 Conformance

The conformance tests for this requirement are defined in cla®dé1.9.
4.3.2.10 Receiver spurious emissions

4.3.2.10.1 Applicability

This requirement applies to all types of equipment using wide band modulations other than FHSS.

43.2.10.2 Definition

Receiver spurious emissions are emissions at any frequency when the equipment is in receive mode.

4.3.2.10.3 Limit
The spurious emissions of the receiver shall not exceed the values given 5iable

NOTE—In case of equipment with antenna connectiiesse limits apply to emissions at the antenna port (conducted
and-te-the Foremissions radiated by the cabidetease-efor for emissions radiated lytegral antenna equipment

(without temperaryantenna connectors), thdsaits apphy-to-emissiongadiated-by-the-equipment e.r.pfor

emissions up to 1 GHz and e.i.r.p. for emissions above 1 GHz

Table 213: Spurious emission limits for receivers

Frequency range Maximum power Meastrement
bandwidthBandwidth
30 MHz to 1 GHz -57 dBm 100 kHz
1 GHz to 12,75 GHz -47 dBm 1 MHz
4.3.2.104 Conformance

The conformance tests for this requirement are defined in cle®idd4.10.
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4.3.2.11 Receiver Blocking

432111 Applicability

This requirementioes-not-apphppiesto ron
categories as defined a_nenadapw«-:umedeéeaaismuse 23 2—6

43.211.2 Definition

Receiver blocking is a measure of tepabiliability of thea /ity
4.3.2.§equipment to receive a wanak signal on its operating chanméthout exceequ a qwen deqradatlnrthe
presence of an unwanted signal (blocking sigead) frequencies other than those of the operatimapnel-and-the

adjacent-channdiand

43.2.11.3 LimitsPerformance Criteria

i ing-wid ion .minimum performanceriterionshallcemply
m%h%h&reqa#ementm a PER Iess than or equal to%OThe manufacturer may declare alternative performance
criteria as long as that &ppropriate for the intended use of the equipnsse clause 5.4.1)t

4.3.2.11.4 Limits

4.3.2.11.4.1 General

While maintaining theninimumperformanceriteriaasdefined inclause 4.3.B:2{nonLBT based-DAA)oiclause
4.3.2.6. 1 3{LBT based-DAA} N the presenc@f-ablocking signal-withcharacteristicaslevels at specified frequency

offsets shall be equal to or greater than the limits definethéoapplicable@eceiver categorgrovided in tablés14,
tablel5 or table 16.

4.3.2.11.4.2 Receiver Category 1

Table6:14 contains thdReceiver Blocking parameteisr Receiver Category 1 equipment.

Table 14: Receiver Blocking parameters for Receiver Cateqgory 1 equipment

Wanted signal mean Blocking signal Blocking Type of blocking
power from companion frequency signal power signal
device (dBm) (MHz) (dBm)
(see note 2)
2 380
P+ 6 dB 25035 53 o
2 300
Pint 6 dB 2330 -47 cw
2 360
25235
25535
26435
26735
NOTE 1. P, ,is the minimum level of the wanted signal (in dBm) required to meet the
minimum performance criteria as defined in clause 4.3.2.11.3 in the absence of
any blocking signal.
NOTE 2: The levels specified are levels in front of the UUT antenna. In case of
conducted measurements, the levels have to be corrected by the actual
antenna assembly gain.
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43.2.11.43

Receiver Category 2

Table15 contains the Receiver Blocking parameters for Receiver Category 2 equipment.

Table 15: Receiver Blocking parameters receiver category 2 equipment

Wanted signal mean Blocking signal Blocking Type of blocking
power from companion frequency signal power signal
device (dBm) (MHZz) (dBm)
(see note 2)
2 380
P.. +6dB £ 50~ -
—min 2 503,5 57 CW
2 300
P.. +6dB o -
min 25835 s CW
NOTE 1. P .is the minimum level of the wanted signal (in dBm) required to meet the

minimum performance criteria as defined in clause 4.3.2.11.3 in the absence of

any blocking signal.

NOTE 2:

The levels specified are levels in front of the UUT antenna. In case of

conducted measurements, the levels have to be corrected by the actual

antenna assembly gain.

4.3.2.11.4.4 Receiver Category

3

Table16 contains the Receiver Blocking parameters for Receiver Category 3 equipment.

Table 16: Receiver Blocking parameters receiver category 3 equipment

Wanted signal mean Blocking signal Blocking Type of blocking
power from companion frequency signal power signal
device (dBm) (MHz) (dBm)
(see note 2)
2 380
P . +12dB £ 50~ -
—min—==—"= 2 503,5 57 CW
2 300
P . +12dB o -
Smin——S 25835 Al W
NOTE 1. P,is the minimum level of the wanted signal (in dBm) required to meet the

minimum performance criteria as defined in clause 4.3.2.11.3 in the absence of

any blocking signal.

NOTE 2:

The levels specified are levels in front of the UUT antenna. In case of

conducted measurements, the levels have to be corrected by the actual

antenna assembly gain.

4.3.2.11.5 Conformance
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4.3.2.12 Geo-location capability

432121 Applicability

This requirement only applies to equipment with-fgeation capability as defined in clause 4.3.2.12.2.

43.212.2 Definition

Geolocationcapability is a feature of the equipment to determine its geographical location with the parpose
configure itself according to the regulatory requirements applicable at the geographical location where it operates.

The geelocation capability may be present in the equipment or in an external device (temporary) associated with the
equipment operating até same geographical location during the initial power up of the equipmerge®beaphical
locationmay also be available in equipment already installed and operating at the same geographical location.

4.3.2.12.3 Requirements

The geographical location giemined by the equipment as defined in clause 4232 shall not be accessible to the
user.

L radi :

5 Testing for compliance with technical requirements

5.1 CoenditiensEnvironmental conditions for testing

511 Normal-and-extreme-test-conditions

5411 Introduction

Unless-otherwise-stated,-the-tdgstsdefined in the present document shall be carried out at representative points
within the boundary limits of the declared operational environmental ptséeclausd.-3-3-.

Where technical performance varies subject to environmental conditions, tests shall be carried out under a sufficient
variety of environmental conditions (within the boundary limits of the declared operational environmental profile) to
give confidence of@ampliance for the affected technical requirements.

For each test defined in the present document, the environmental cqsilgiomhich the test has to be performed is
specified in the clause on test conditions for that particular test.

5.1.24.2 Normal test conditions

51421 Normal temperature and humidity

FheUnless otherwise declared by the manufacturemdtinmal temperature and humidity conditions for tests shall be
any convenient combination of temperature and humidity within the following ranges

1 temperature: +15 °C to +35 °C;
1  relative humidity: 20 % to 75%.

The actual values during the tests shall be recorded.
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5:2.1.2.2 Normal power source

The normal test voltage for the equipment shall be the nominal voltage for which the equipment was design
5.1.&.3 Extreme test conditions

WhereSometestsin the present document need to be repeattecttreme temperaturase+equiredWhere that is the
case measurements shall be made over the extremes of the operatingatenepange as declared by the
manufacturer.

5.4.2 Interpretation of the measurement results

The interpretation of the results recorded in a test report for the measurements described in the present document shall
be as follows:

i the measured value relatedthe corresponding limit will be used to decide whether an equipment meets the
requirements of the present document;

1 the value of the measurement uncertainty for the measurement of each parameter shall be included in the test
report;

1 the recorded valuef the measurement uncertainty shall be, for each measurement, equabksiham the
figures in tablel7.

For the test methods, according to the present document, the measurement uncertainty figures shall be calculated and
shall correspond to an exp&ors factor (coverage factor) k = 1,96 or k = 2 (which provide confidence levels of
respectively 95 % and 95,45 % in the case where the distribati@anacterizindhe actual measurement uncertainties

are normal (Gaussian)). Principles for the calculatibmeasurement uncertainty are contained Tis!

TR 1000281 [i.15{35], in particular in annex D of tHETSITR 100 0282 [i.11i-11].

Tablel7 is based on such expansion factors.

Table 17. Maximum measurement uncertainty

Parameter Uncertainty
Occupied Channel Bandwidth +5 %
RF output power, conducted +1,5dB
Power Spectral Density, conducted +3 dB
Unwanted Emissions, conducted +3 dB
All emissions, radiated +6 dB
Temperature +3 C
Supply voltages +3 %
Time 5 %

5.3 Definition of other test conditions

5.3.1 Test mode

Unless otherwise specifiedhed measuremesshall be performed using normal operation of the equipment with the
equipment operating with the woisaseconfiguration (for example modulation, bandwidth, data rate, powitn)
regards to the requirement to be teskeat each of the requirementstive present documenhis worst case
configurationshall be declared by the manufactysseclause 534.1f)) and documented in the test rep&@pecial
software may be used to operate the equipment in this mode.

For frequency hoppingquipmenthe equpment should allowpecifichop frequencies to be selecradnually to
facilitate some of the tests to be performed
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5.4:3.2 Antennas and transmit operating modes

5.43.2.1 Integrated and dedicated antennas

The equipment can have either integral antennas or dedicated antennas. Dedicated antanisaaasdhat-are

physically-external-to-the-equipment-ghdtareassessed in combination with the equipment against the requirements

in the present document.
NOTE: Hshouldbenotedthatassessmiasessmertoes not necessarily lead to testing.

An antenna assembly referred to in the present document is understood as the combination of the antenna (integral or
dedicated), itdeeder (e.g. coaxial cablapd ifapplicable, its antenna connector and associated switching components.
The gain of an antenna assembly (G) in dBi, does not include the additional gain that may result out of beamforming.

Smart antenna systems may use beamforming techniques which majnradditional (antenna) gain. This
beamforming gain (Y) is specified in dBhe individual antennas used fimart antenna systems are considered to have
identicalgain referred to as antenna assembly gainB&mforming gain does not include the gdithe antenna
assembly (G).

Although the measurement methods in the present document allow conducted measurements to be performed, it should
be noted that the equipment together with all its intended antenna assemblies shall comply with the applitable tech
requirements defined inélpresentiocument.

5.1.3.2.2 Smart antenna systems and related operating modes

5.4.3.2.2.1 Introduction

Smart antenna systerogn operate in various operating modes by whichtimsbers of activehains &ntennagvary
depending on the mode.

5.14:3.2.2.2 Operating mode 1 (single antenna)

The equipment uses onbneantennaat any moment in timeshen operating in this mode.

The following types of equipment and/or operating modes are examples covered by this category:
1  Equipment with only one antenna.

i Equipment withtwo diversity antennasperating in switched diversity mode by whathany moment in time
only oneantennds used.

1  Smart antenna system witlvo or moretransmit/receive chaindut operating in a mode wieeonlyone
transmit/receive chaiis used.

543.2.2.3 Operating mode 2 (multiple antennas, no beamforming)

The equipment that can operate in this mode contains a smart antenna system using two or mohet@insafitins
simultaneously but without beamforming.

543.2.2.4 Operating mode 3 (multiple antennas, with beamforming)

The equipment that can operate in this mode contains a smart antenna system using two or mofet@insofifins
simultaneously with beaforming.

In addition to the antenna assembly gain (G), the beamforming gain (Y) may have to be taken into account when
performing the measurements described in the present document.

ETSI



45 ETSI EN 300 328 v2.1.1 (2016-11)

5.43.2.3 Output-power-settingConfiguration for testing

Unless otherwisestated, were multiple combinations of radio equipment and anteargintended, the configuration
to be used for testing shall be chosen as follows:

1  for each combination, determine the highest user selectable power level and the antenna assembly with the
highest gain;

1  from the resulting combinations, choose the one with the highest e.i.r.p.

5.2:43.3 Adaptive and Non-adaptive equipment

Equipment which can operate in both a nadaptive and aadaptive mode (see clauR.2 shallbe tested in both
modes Equipment which can operate in more than one adaptode,shallbe tested in each of these adeptnodes.

5.1:53.4 Presentation of equipment

5.34.1 Introduction

Equipment submitted for testing is presented as either-sianeé equipment, plui radioequipment or combined
equipment.

5.1.5:13.4.2 Testing of stand-alone equipment

Standalone equipment shall be tested against the requirements of the present document.
5.1:5:23.4.3 Testing of host connected equipment and plug-in radio equipment

5.14523.43.1 Introduction

For combined equipment and for radio parts for which connection to or integration with host equipment is required to
offer functionality to the radio, different alternative test approaches are permitted. Where more than one such
combinatia is intended, testing shall not be repeated for combinations of the radio part and various host equipment
where the latter are substantially similar.

Where more than one such combination is intended and the combinations are not substantially similarhioa¢ion
shall be tested against all requirements of the present document and all other combinations shall be tested separately for
radiated spurious emissions only.

5.45:23.4.3.2 The use of a host or test jig for testing Plag-Hplug-in radio equipment

Where the radio part is@ug-in radioequipmentwhich is intended to be used within a variety of combinations, a
suitable test configuration consisting of either a test jig or a typical host equipment shall be used. This shall be
representative for thenge of combinations in which tleguipmenimay be used. The test jig shall allow the radio
equipment part to be powered and stimulated as if connected to or inserted into host or combined equipment.
Measurements shall be made to all requirements ofrésept document.

5.45:23.4.3.3  Testing of combinations

5.14523.4.3.3.1 Alternative A: General approach for combinations

Combined equipment or a combination of a plngadioequipmentnd a specific type of host equipment may be used
for testing according to the full requirementdiud present document.

5.145.23.4.3.3.2 Alternative B: For host equipment with a plug-in radio equipment

A combination of a plugn radioequipmentand a specific type of host equipment may be used for testing according to
the full requirements of the present document.
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For radiated emission tests the most appropriate standard shall be applied to the host equipmentinTiaaiplug
equipmenshall neet the radiated emissions regments as describedtime present document

51523.4.3.3.3 Alternative C: For combined equipment with a plug-in radio equipment
Combined equipment may be used for testing according to the full eetgrits of the presedbcument.

For radiated emissions the requirements of the most appropaiate+izedharmonised=EMC standard shall be applied

to the norradio equipment. The pluig radioequipmenshall meet the radiated emissions reguients as described in

the presentlocumentin the case where the philgradioequipments totally integrated and cannot operate
independently, radiated emissions for the combination shall be tested using the most appespreizedharmonised
standard with the radio part in recemed/or standby mode. If the frequency range istleesthe one defined in the

present document, additional measurements shall be performed to cover the remaining parts of the frequency range.
With the radio in transmit mode, the radiated emissions rexapints of the present document shall be applied.

5.1.5.23.4.3.3.4 Alternative D: For equipment with multiple radios

5.4523.4.3.34.1 Introduction

Multi-radio equipment, where at least one of the radio parts is within the scope of the present dotayrent)sed

for testing according to the full requirements of the present document. Additional requirements and limits for
multi-radio equipment are set out in the releveamenizetiarmonisedadio product standards applicable to the other
radio parts.

When measuring spurious emissions in the receive and/or standby mode, it is essential that none of the transmitters
within the combmed equipment are transmitting.

5.45:23.4.3.3.4.2 The spurious emissions from each radio can be identified

Where thespurious emissions from each radio can be identified, then the spurious emissions from each radio are
assessed to the refntharmenizetiarmonisedadio standard.

5.45:23.4.3.3.4.3 The spurious emissions from each radio cannot be identified

Where the spiibus emissions from each radio cannot be identified, then the combined equipment is assessed to the
spurious emission requirements contained in all of the relé&eanrtonizetiarmonisedadio standards applicable to the
radios contaiad within the combinegroduct.

Where the applicablearmenizetiarmonisedadio standards contain different limits and measuring conditions, then the
combined product is assessed tokbamenizetiarmonisedadio standard that specifies the least stringent limits for the
commonpart of the frequency measurement ranges. To assess the remaining parts of the frequency measurement ranges
the limits from the relevaritarmenizetiarmonisedadio standard should be used.

Inthe case of equipment intended foruse with-an-'5.3.5 Conducted

measurements, radiated measurements, relative measurements

Unless otherwise specified, either conducted or radiated measurements can be used.

Forintegral antennand-no-external-temporapquipment, connectors may be providellow conducted
measurements to be performed

In the case oihtegralantennaennectorareprovidegequipmenthat has n@ntenna connects), the manufacturer
may be required to supply a test fixtuseitableto allow relative measurements to badaenthe- JUT.

The test fixtureand its usarefurther describé in clauseB.34.
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be-as follows:

ﬂ thao maaciiragabiia ralatad ta tha carracnandl ey i imit will ha iead t6 Anad idowhothar an oanj inmant n eets the

5.34 Test procedures for essential radio test suites

5.34.1 Product Information

The following information shall be stated by theppliemanufacturein order to carry out the test suites and/or to

declare compliance to technical requirements (e.g. technical requirements for which no conformance test is included in
the present docum&nThis information shall be included in the test repbhie application form imnnex E can be

used for that.

a) the type of wide band modulation used: FHSS modulation, or any other type of modulaticiase.2.1);

b) where FHSS modulation is used: th@nber of hopping frequenciasdthe dwell time per channdtor
adaptive FHSS equipment, the average dwell titmee maximum number of Hopping Frequencies and the
minimum number of Hopping Frequencies

c) whether or not thequipmenis a horadaptiveequipmentan adaptivequipmenbr aanequipmenthat can
operate in both an adaptive and raataptive mode

d) for adaptiveequipmentwhetherLBT basedDAA or nonLBT based DAA éry other form of DAA is used
(seeclauseaclauses.3.1.7andclause4.3.2.9 and themaximumChannel Occupancy Time implemented by
the equipmentfor LBT based adaptive equipment using wide band modulations other than FHSS, whether
the equipment is Frame Based Equipment (clause 4.3.2.6.3.2.2) or Load Based Equipment (clause

4.3.2.6.3.2.3)

e) for nonadaptive equipmenthe maximum duty cycle used by the equipment. For equipwitgna dynamic
behaviour with regard to RF Output Power and Duty Cycle, such behaWiallbe described. (e.g. the
different combinations of duty cyeland corresponding power levels shall be decjared

f) for each of the tests to be performed, the worst caséiguration(see clausé.3.1:2);
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g) the different transmit operating modes in which the equipment can operate (se® 43.&8);
h)  for each of the modes declared unggthe following shall berevidedieclared
- the number of transmit chains;
- if more thanonetransmit chain is active, whether the power is distributed equally or not;
- the number of receive chains;

- whether or not antenri@@amforming is implemented, and if so the maximum beamforming gaior (Y)
the total antenna gain (G + Ygr thistransmit operating mode;

i) the operating frequency range(s) of the equipment;

) theNominal Channel Bandwidits). For noradaptive Frequency Hopmg equipment,his is thenominal
channebandwidth when operating on a single hopping frequency

k) the type of the equipment, for example: staifwhe equipment, plutn radioequipmentcombined

equipment, etc. (see also clals@l)-and-the-presentatiarf-the-equipmentfor-testing{selmuse5-1-5);

)] the extreme-operatiraperationaknvironmental profile (e.q. thermaltestconditionsandextremetest
conditiong thatapphappiesto the equipment (see also clabsgl-3);

m) the intended combination(s) of the radio equipment power settings and one or more antenna assemblies, their
correspondingnaximumgain(s) (G) and the resulting e.i.rlpvels taking also into account theamforming
gain (Y) if applicable (see also clausé-3.2.2.4. For equipment where in receive mode, the antenna
assembly gain and/or beamforming gain is different from the transmit thedantenna assemblies, their
correspondingnaximumgain(s) (G) and the beamforming gain (Y) that apply inrdeeive modge

n) the nominal voltages of the staatbne radio equipment or the nominal voltages of the host equipment or
combined equipment in case of pligequipment

0) any specific test modes available which can be used to facilitate testing
p) theequipmentype (e.g. Bluetooth, IEEE 802.1F [i.3i3], IEEE 802.15.% [i.4:4], proprietary, etg;

q) for FHSSequipment implementing Option 1 in clauk8.1.4.3.1or Option 1 inclause4.3.1.4.3.2
(Frequency Occupation requirement), in case compliance cannaivsa pia measurements in clause
534.4.2.1 step 5 (as the frequency occupation in receive and idle modes cannot be measured), the
manufacturer shall provide a statistical analysis to demonstrate compliance with the Frequency Occupation
requirement

r for FHSSequipmenimplementingOption 2 in clausd.3.1.4.3.1or Option 2 inclause4.3.1.4.3.2
(Frequency Occupatiorquirement)the manufacturer shall provide a statistical analysitetoonstrate
compliance with this requirement

s)  whether or not the equipent supports a gdocation capability as defined in clause 4.3.1.13 or
clause4.3.2.12;

t) where applicablehe minimum performance criteria (selause4.3.1.12.3%r clause 4.3.2.11)3hat
corresponds$o the intended use of the equipment

5.34.2 RF output power, Duty Cycle, Tx-sequence, Tx-gap, Medium
Utilization

534.2.1 Test conditions

Seeclauseb. 1 for theenvironmentatest conditionsApart from theRF output power hese measurementeedonly to
be performed at normahvironmentatonditions The measurements for RF output posieallbe performed at both
normal environmental conditions andtia¢ extremes of the operating temperature range.
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In the case of equipment intended for use with an integral antennehaneho external-{tempoerangntenna
connectorare provideda test fixture as described in clai&8&4 may be used to perform relative measurements at the
extremes of the operating temperature range.

The equipment shall beperatedinderits worg case configuratiorf¢r examplemoduation, bandwidthdata rate.
power)with regardgo therequirement being testellleasurement of multiple data sets may be required.

For equipmenusing FHSS modulation, the measurements shall be performed during normal okogmng)and
the equipment is assumed to have no blacklisted frequencies (operating on all hopping positions)

For equipmenusing wide band modulations other than FH$&8,mheasurement shall be performed at the lowest, the
middle, and the highest channel on whibe equipment can operate. These frequencies shall be recorded.

5.34.2.2 Test method

5.34.2.2.1 Conducted measurements

5.34.2.2.1.1 Introduction

In case of conducted measurements the transmitter shall be connected to the measuring equipRiepbwidreas
defined inclause4.3.1.20or clause 4.3.2.8hall be measured and recorded.

5.34.2.2.1.2 RF Output Power
The test procedure shall be as follows:
Step 1:
1  Usea fast power sensor suitable fod ZHzand capable ahinimum1 MS/s.
i Use the followingsettings:
- Sample speed 1 MS/s or faster.
- The sampleshallrepresent th&MS power of the signal.

- Measurement duratiofror noradaptive equipmengqual to the observation period defined in
clause4.3.1.3.20r clause4.3.2.4.2 For adaptive equipmente measurement duratighall be long
enough to ensure a minimum number of bursts (at least#i8)captured.

NOTEZL: For adaptive equipment) increase the measurement accuradyigher number dfurstsmay be
used

Step 2:
1 For conducted measurementsdevices with one transmit chain:

- Connect the power sensor to the transmit port, sample the transmit signal and store the tise data.
these stored samples in all following steps.

1 For conducted measurements on devices with multiple transmit chains:
- Comect one power sensor to each transmit pora &ymchronous measurement on all transmit ports.

- Trigger the power sensors so that they start sampling at the same time. Make sure the time difference
between the samples of all sensors is less3Bams

- For eachindividual sampling point (time domaindum thecoincidentpowersamplef all ports and
storethem. Use thesaummedsamplesa-al-fellowing-stepas the new stored data .set

Step 3:

1  Find the start and stop times of each burst in the storedunegasnt samples.
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The start and stop times are defined as the points where the power is 32 BRdielow thehighest value of
the stored samplés step?2.

NOTE2—In case of insufficient dynamic range, the value of 30 dB may need to be regywegdriately.

Between the start and stop times of each individual burst calculate the RMS power over thsirmithe
formula below The start and stop points shall be includgalve these R, values as well as the start and

stop times foeach burst.

1.k 1.k
szra_zpw&n} I:{)urst = E a_.l Psample(n)

with *k’k being the total number of samples amid the actual sample number

Step 5:
1 The highest oéll P, values(value*A* in dBm) will be used for maximum e.i.r.p. calculations.
Step 6:
1  Add the(stated)antenna assembly gai®“ in dBi of the individual antenna.
1 If applicable, dd the additional beamforming gaik= in dB.
i If more than one antenna assembly is intended for this power setting, the maximum overall antenGaogain (
G +Y) shall be used.
1  The RF Output PowePj shal be catulated using the formula below:
P=A+G+Y
1  This value, which shall comply with the limit given in clas8.1.2.3or clause4.3.2.2.3 shall be recorded in
the test report.
5.34.2.21.3 Duty Cycle, Tx-sequence, Tx-gap

The test procedurevhich shall only be performed for naaaptiveequipmentshall be as follows:

Step 1:
)l
)l

Step2:

Step3:

Step4:

Use the same stored measurement samples from the prodedaried in clause34.2.2.1.2.

The start and stop times are defined as the points where the poweraist &1 dB below the highest value of
the stored samples. In case of insufficient dynamic range, the value of 30 dB may need to be reduced
appropriately

Between thesavedstart and stop times of each individual bucsiculate the TxOn time. Satleese TxOn
values.

Duty Cycle(DC) is the sunof all TxOn timeshetween the end of the first gaphich is thestart ofthefirst
burst within theobservation perigdand the start of the last bu(stithin this observation perigdiivided by
theobservation periodThe observation period igefined in clausd.3.1.3.2or clause4.3.24.2.

For equipment using blacklisting, the TxOn time measured for a single (and active) hopping frequency shall be
multiplied by the number of blacklistdtequenciesThis valueshall be added to ¢hsum calculated ithe
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previous-bullet poinstep3 above If the number of blacklisted frequencies cannot be determthed
minimum number of hopping frequenci@é) as defined irclause4.3.1.4.3shall be assumed.

1  Theabevecalculatedvaluefor Duty Cycle(DC) shall be recorded in the test reportisttalueshall be equal
to or less than the maximum value declared bysthgpliemanufacturer

Step4s:
1  Use the same stored measurement samplestfr@procedure described in clausg452.2.1.2.

1 Identify any TxGf time that isequal to ogreater than the minimum Jgap timeasdefined in clausd.3.1.3.3
or clause4.3.2.4.3These are the potential valid gap times to be further considered indb&dpre.

1  Starting from the second identified gaalculate the time from the start of this gap to the end of the preceding
gap. Thigimeis the Txsequence tim#or this transmissiorRepeat this procedure until the last identified gap
within the obseration period is reached.

1 A combination of consecutive Tsequence times and ‘Dap times followed by a Fgap time which is at
least as long as the duration of this combinatinaybe considered as a single-$&quence time arid which
case itshall comply with the limits defirtkin clause 4.3.1.3.3 or clause 4.3.2.4.3

i It shall be noted in the test report whether the UUT complies with the fionitke maximum Txsequence
time and minimum T>gap time aslefinedin clause 4.3.1.3.3 or clause 4.3.2.4.3

5.34.2.2.1.4 Medium Utilization
The test proceduravhich shall only be performed for na@aaptiveequipmentshall be as follows:
Step 1:

1  Use the same stored measurement samples from the prodedaribed in clause34.2.2.1.2
Step 2:

f——For each burst calculate the produc{Rf,s{/ 100 mW)and the TxOn time.
T NOFEL— Py, is expressed in mW. TxOn time is expressed in ms.

Step 3:

1  MediumUtilization is the sunof all these products divided by the observapeniod(expressed in msyhich
is defined in clausd.3.1.3.2or clause4.3.2.4.2 This value which shall comply with the limigivenin
clause4.3.1.6.3or clause4.3.2.5.3 shall be recorded in the test report.

NOTE2—If operation without blacklisted frequencies is not possible, the power of the bursts on blacklisted
hopping frequenciegor the calculation of the Mediutdtilization) is assumed to be equal to the average
value of the RMS power of the bursts on all aetimwpping frequencies.

534.2.2.2 Radiated measurements

When performing radiated measurements, the UUT shall be configured andagsqrositioned (including smart
antenna systems aeduipmentapable obeamforming for maximume.i.r.p.towards the measuring antenmis
position shall be recorded.

A test site as described in annex B and applicable measurement procedi@ssiasd in annex C shall be used.

Taking into account the calibration factor from the measurementhsitéest procedurf@r RF Output Poweis further
as described under claus&4.2.2.1.2up-to-and-includingstepl to step5. The RF Output PowdP) is equal to the
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value{A) obtained in step SFhis-value;which-shallcomphywith-the limit-givEhe test procedure for Duty Cycle,-Tx
sequence, Txyap is further as describauclauses.4.3-12.36+r2.1.3 and the test procedure for MediUttilization is

further as described itlauses.4.3:22 3-shall-be recorded-in-the-test re@ott4

5.4.3:3 Power Spectral Density

5.34.3.1 Test conditions

Seeclauseb.1 for theenvironmentatest conditionsThese measurements shall only be performed at normal test
conditions.

The measurement shall be repedtedhe equipment being configured to operattéhe lowest, the middle, and the
highest frequency of the stated frequency range. These frequendid®skaorded.

For the duration of the test, the equipment shall not change its operating frequency.
5.34.3.2 Test method
5.34.3.2.1 Conducted measurement

Option 1: For equipment with continuous and non-continuous transmissions

The transmitter shall beoonected to a spectrum analyser andAtwger SpectraDensity(PSD)as defined in
claused.3.2.3shall be measured and recorded.

The test procedure shall be as follows:

Step 1:

Connect the UUT to the spectrum analyser and use the following settings:
1  Start Frequency: 2400 MHz
1  Stop Frequency: 24835 MHz

| Resolution BW: 10kHz

i Video BW: 30 kHz

——Sweep Points: > 8350

1 NOTE For, for spectrum analysers not supporting this number of sweep points, the frequency
band may be segmented

1 Detector: RMS

1  Trace Mode: Max Hold

€ Sweep time: For nonrcontinuous transmissions:2 x Channel Occupancy Time X humber of sweep

points

For continuous transmissions: 10 s; the sweep time may be increased further until
a value where the sweep time-has ndurther
impactanymoreon the RMS value of the signal

For norcontinuous signals, wait for the tracestabilize
Save the datétrace datayetto a file.

Step 2:
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For conducted measurementssonart antenna systems using either operating modeeoating modé (see
clauses.1:3.2.2), repeat the measurement for each of the transmit ports. Fosaagplting pointffequencydomain)
add up theoincidentpowervalues(in mW) for the different transmit chasrand use this as the new data set.

Step 3:
Add up the valuesof power for all the samples in the filsing the formula below

k

k
I Sum_ a I sampl&I I) PSum: a. Psamplén)
n=1 =

with '’k being the total number of samples amid the actual sample number
Step4:

Normalize the individual values f@ower(in dBm) so that the sum is equal to tR€ Output Powe(e.i.r.p) measured
in clause5.34.2 and save the corrected data. Tolbowing formulas can be used

CCorr = PSumT I:)e.i.r.p.
PSampIecor(n) = PSampIén) - CCorr
with ‘r'n being the actual sample number
Step 5

Starting from the first sampIéSamplecor(n) (lowest frequency)add up the powgin mW) of the following samples

representing a MHz segment and record the results for power and positensgmple #1 teample#100). This is the
Power SpectraDensity(e.i.r.p) for the first 1 MHz segmenthich shall be recorded.

Step6:

Shift the start point of the samples added up in Steyponesample and repeat the procedure in Stépe. sample #2 to
sample#101).

Step 7:

Repeat step until the end of the data set and recordRbe/er SpectralDensity values for each of the 1 MHz
segments.

From all the recorded results, the highest value is the maximum BpeetraDensity(PSD)for the UUT. This valug
which shall comply with the limit given in claude3.2.3.3 shall be recorded in the testpiort.

5.Option 2: For equipment with continuous transmission capability or for equipment operating (or
with the capability to operate) with a constant duty cycle (e.q. Frame Based
equipment

This option is for equipment that can be configured to opamnaecontinuous transmit mo@&d0% DC)or with a
constanDuty Cycle (DC).

Step 1:

1 Connect the UUT to the spectrum analyser and use the following settings:

- Centre Frequency:The centre frequency of the channel under test

- RBW: 1 MHz

- VBW: 3 MHz

- Frequency Span: 2 x Nominal Bandwidth (e.g. 40 MHz for a 20 MHz channel)

- Detector Mode:  Peak

- Trace Mode: Max Hold
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1 When the trace is complete, find the peak value of the power envelope and record the frequency.

1 Make the following changes to the settings of the spectrum analyser:

- Centre Frequency:Equal to the frequency recorded in step 2

- Frequency Span: 3 MHz

- RBW: 1 MHz
- VBW: 3 MHz
- Sweep Time: 1 minute

- Detector Mode: RMS

- Trace Mode: Max Hold

1 When the trace is complete, the trace shall be captured using the "Hold" or "View" option on the spectrum
analyser.

1 Find the peak value of the trace and place the analyser marker on this peak. This level is recorded as the
highest mean power (powspectradensity) D in a 1 MHz band.

1 Alternatively, where a spectrum analyser is equipped with a function to measueespectral density, this
function may be used to display the powpectradensity D in dBm / MHz.

1 In case of conducted measurememismart antenna systems operating in a mode with multiple transmit
chains active simultaneously, the powpectraldensity of each transmit chain shall be measured separately to
calculate the total powespectraldensity (value D in dBm / MHZz) for the UUJ

Step 5:

1 The maximunPower Spectral @nsity(PSD)e.i.r.p. is calculated from the above measured pepectral
density D, the observeduty Cycle (DC)(see clause 5.421 .3, stepd), the applicable antenna assembly gain
G in dBi and if applicable thbeamforming gain Y in dB, according to the formula below. This value shall be
recorded in the test report. If more than one antenna assembly is intended for this power setting, the gain of the
antenna assembly with the highest gain shall be used.

PSD=D+ G+ Y + 10 x log (1 DC) (dBm / MHz)

5.4.3.2.2 Radiated measurement

When performing radiated measurements, the UUT shall be configured and antenna(s) positioned (including smart
antenna systems aeduipmentapable obeamforming for maximume.i.r.p.towards the measuring antenna.

A test site as described in annex B apglicable measurement procedures as described in annex C shall be used.

Taking into account the calibration factor from the measurementhetéest procedure is further as described under
clauses.34.3.2.1.
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5.34.4 Accumulated Transmit Time, Frequency Occupation and Hopping
Seqguence

534.4.1 Test conditions

See claus8.1 for theenvironmentatest conditions. These measurements shall only be performed at normal test
conditions.

Theequipment shall be configured to operate at its maximum Dwell Time and maximum Duty Cycle.

The measurement shall be performed on a minimutwa{active)hopping frequerieschoserarbitraryfrom the
actual hopping sequencihe results as well abe frequencies on which the test was performed shall be recorded in the
test report.

5.34.4.2 Test method

5.34.4.2.1 Conducted measurements
The test procedure shall be as follows:
Step 1:
1 The output of the transmitter shall be connected to a speamatpzeanalyseror equivalent

1 Theanalyzeanalysershall be set as follows:

- Centre Frequency: Equal to the hopping frequency being investigated

- Frequency Span: OHz

- RBW: ~ 50% of the Occupied Channel Bandwidth

- VBW: ORBW

- Detector Mode: RMS

- Sweep time: Equal tothe applicable observation peri(gke clausd.3.1.4.3.1or

clause4.3.1.4.3.2
- Number of sweep points:30 000
- Tracemode: Clear / Write
- Trigger: Free Run
Step 2:

1  Save the trace data to a file for further analysis by a computing device usipgrapriate sitware
application or program.

Step 3:
1 Identify the data points related to the frequency being investigated by applying a threshold.

The data points resulting from transmissions on the hopping frequency being investigated are assumed to have
much higher levels compared to data points resulting from transmissions on adjacent hopping frequencies. If a
clear determination between these transmissions is not possible, the RBW in step 1 shall be furthetrreduced.
addition, a channel filter may hesed.

1  Count the number of data points identified as resulting from transmissions on the frequency being investigated
and multiply this number by the time difference between two consecutive data points.

Step 4:
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1  The result in step 3 is theccumulatedr ransnit Time which shall comply with the limit provided in
clause4.3.1.4.3.1or clause4.3.1.4.3.2and which shall be recorded in the test report
Step 5:

NOTELThis step ionly applicable for equipmennplementingOption 1 in clausd.3.1.4.3.1or Option1 in
claused.3.1.4.3.Zor complying with the Frequency Occupation requirenaamt themanufacturer deciddo
demonstrateompliancewith this requiremenvia measurement.

1  Make the following changes on the arsgliyand repeat step 2 asp3.
——Sweepime: 4 x Dwell Time x Actual number of hopping frequencies in use

The hopping frequencies occupied by #yglipmentvithout having transmissiorguring the dwell time
(blacklisted frequencieshould be taken into accountthe actual number of hoppifiggquencies in use. If
this number cannot be determined (number of blacklisted frequencies unknown) it shall be &satithed
equipment usethe maximum possiblaumber of hopping frequencies

1  The result shall be compared to the limit for the Frequency Occupation defidleds$e4.3.1.4.3.1Option 1
or clause4.3.1.4.3.20ption 1 The result ofhis comparisorshall be recorded in the test report.

Step 6:
i Make the ftlowing changes on tharalyzeanalyser
- Start Frequency: 2400 MHz
- Stop Frequency: 2483,5 MHz
- RBW: ~ 50% of the Occupied Channel Bandwidth (sinigtgoping frequency
- VBW: ORBW
- Detector Mode: RMS

- Sweep time: 1 s thissetting may result in long measuring times. To avoid such long measuring
times, an FFT analysenaybe used

- Trace Mode: Max Hold

- Trigger: Free Run

1  Wait for the trace to stabilizedéntify the number of hopping frequencies used by the hopping sequence.

1  The result shall be compared to the limit (value N) definedanse4.3.1.4.3.1or clause4.3.1.4.3.2This
value shall be recorded in the test report.

For equipment with blacklisted frequencies, it might not be possible to verify the number of hopping
frequencies in usédoweveg they shall comply with the requirement fdccumulatedrransmitTime and
FrequencyOccupation assuming the minimum number of hopping freque(id)edefined in
clause4.3.1.4.3.1or clause4.3.1.4.3.3s used

Step 7:

1  For adaptivdrequency hoppingquipmentit shall be verified whether thequipmentuses’0 % of the band
specified intable 1 This verification can be doruslng the lowest and hlgheﬁo dB points from the total
spectrum envelope obtained in stefit&h A : :
specified-in-clause. The result shall be recorded hiettest report.
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5.34.4.2.2 Radiated measurements

A test site as described in annex B and applicable measurement procedures as described imaybexsed.
Alternatively, a test fixture may be used.

The test procedure is further as described under ctad$d.2.1

5.34.5 Hopping Frequency Separation

5.345.1 Test conditions

See claus8.1 for theenvironmentatest conditions. These measurements shall only be performed at normal test
conditions.

The measurement shall be performedwa adjacent hopping frequencies. The frequencies on which thedest
performed shall be recorded.

5.34.5.2 Test method
5.345.2.1 Conducted measurements

5.345.2.1.1 Introduction

The Hopping Frequency Separation as defined in clussé.5shall be measureahd recordedsing any of the
following options The selected option shall be stated in the test report.

5.34.5.2.1.2 Option 1
The test procedure shall be as follows:
Step 1:
1  The output of the transmitter shall be connected to a spectrunsar@gquivalent
1  The analger shall be set as follows:
- Cente Frequency: Centre of the twadjacent hoppinfrequencies
- Frequency Span: Sufficient to see the complete power envelope of both hopping frequencies
- RBW: 1 % of thespan
- VBW: 3x RBW
- Detector Mode: RMSMax Peak
- Trace Mode: Max Hold

- Sweep time: 1-sAuto

| Wait for the trace to stabilize

1  Use the marker function of the analyser to defireefrequencies correspondingtbe lower-20 dBr point and
the upper20 dBr pointfor both hopping frequencies F1 and F2. This will result ip &id F1, for hopping

frequency F1 and in F2and F2, for hopping frequency F2. These values shall be recorded in the report.

Step 3:
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71 Calculate the centre frequenciesFahd F2 for both hopping frequencies using the fornsidalow. These

values shall be recorded in the report.

T Calculate thedopping Frequency Separation} using the formula below. This value shall be recorded in
the report.

Fus=F2c-Flc

Compare the measured Hopping Frequency Separation with the limit defined indcatise 3 In addition,
for nonAdaptive Frequency Hopping equipment, the Hopping Frequency Separation shall be equal to or
greater than the20-dBchannel-bandwidtBccupied Channel Bandwidth as defined in clause 4.8r1.8

Fus OBW 4 Occupied Channel Bandwidth

1 See figures:

Hopping Frequency Separation
Reference Level ) 1
0dB

E.[7T | e I SR S—" |

Level

F1, “ Fr, Py T iy Frequency
F1 F2, ’

Figure 4: Hopping Frequency Separation

For adaptiveequipmentin case of overlapping channels whigll-prevenprevens thedefinition of the-20 dBr
reference points FlandF2, , a higher reference level (e-4.0 dBr or --6 dBr) may be chosen to define the reference
points F1; Fl; F2 andF2,.

Alternatively, special test software may teedto:

1  force theUUT to hop or transmit on a single Hopping Frequency by which2Be&lBr reference pointsanbe

measured separately for ttveo adjacent Hopping Frequencjesd/or

force theUUT to operate without modulation by which the centre frequencigsaiRdF2- can be measured
directly.

The method used to measure the Hopping Frequency Separation stwdubeedted in the test report.
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5.34.5.2.1.23 Option 2
The test procedure shall be as follows:
Step 1:
1  The output of the transmitter shall be connected to a spectrunsanathequivalent.
1  The analger shall be set as follows:
- Centre Frequency:Centre ofthe two adjacent hopping frequencies
- Frequency Span: Sufficient to see the complete power envelope of both hopping frequencies
- RBW: 1 % of thespan
- VBW: 3x RBW
- Detector Mode: RMSMax Peak
- Trace Mode: Max Hold

- Sweep Time: —— 1 dAuto

| Wait for the trace to stabilize.

1  Use the markedelta function to determine the Hopping Frequency Separation betwegsnties of the two
adjacentopping frequenciege.g. byindentifyingdentifying peaks or notches at the cexf the power
envelopdor thetwo adjacent signals)rhis value shall be compared with the limits defined in cldu34.5.3
and shall be recorded in the test report.

5.34.5.2.2 Radiated measurements

A test site as described in annex B and applicable measurement procedures as described imaybexi€ed.
Alternatively a test fixture may be used.

The test procedure is further as described under ctad46&.2.1.

5.34.6—\oid

537  Adaptivity (Channel access mechanism)

5.374.6.1 Test conditions

See clausé.1for theenvironmentatest conditions. These measurements shall only be performed at normal test
conditions.

When supported by the operating frequency range of the equiptimsriest shall be performed bwmo operating
(hopping) frequenciesandomly selected from the operatiingquenciesised by the equipmerithe first (lower)
frequency shall beandomly selectedithin the range 2 400 MHz to242 MHz while the seconfhigher) frequency
shall be randomly selected within the range 2 442 MHz4835 MHz The equipmenshall bein a normal operating
(hopping) mode

For equipment which can operate in an adaptive and @adaptive mode, it shall be verified that priothe test, the
equipmentis operating in thadaptive mode.
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The equipment shall be configured in a mode that results in the longest Channel Occupancy Time.
5.374.6.2 Test Method

5.3+74.6.2.1 Conducted measurements

546.2.1.1 Test set-up

Figure5 describesain example othe estsetup.

Spectrum
Analyzer
UuT o | Splitter/ _ Companion
| Combiner Direct. Coupler Device
> a—>» ATT.
[ ]
A
Signal
Generator
(Interferer)
spiitter/ [€~
Combiner —
Signal
Generator
(Blocker)
Spectrum
Analyzer
uuT o Splitter/ . Companion
™| Combiner Direct. Coupler Device
g —— ATT,
L
A
Interference

Signal
| Generator

Splitter/
Combiner —
Unwanted
Signal
Generator

Figure 5: Test Setset-up for verifying the adaptivity of an equipment

5.3+44.6.2.1.12 Adaptive Frequency Hopping equipment using DAA

Fhe different-stegfdtep 1 to step Belowdefine the procedure to verify the efficiency of the DBased adaptey
mechanismafor frequency hoppingquipment These mechanisnagse described in clauge3.1.7.

For systems using multiple receive chains only one chain (antenna port) need to bAltesttest. receiver inputs shall
be terminated.

Step1:
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Step3:
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The UUTshallconnect to a companion device durthgtest Theinterferencesignal generatothe
bleckingunwantedsignal generator, thepectrum analysethe UUT and the companion device are connected
usinga st-up equivalent to the examptgven by figures, although thenterference anleckingunwanted
signal generaterdo not generate any signals at this point in time. The spectrum analyser is useddo tmeni
transmissions dfoththe UUTand the companion device and it should be possible to distinguish between
either transmission. In additipthe spectrum analyser is used to monitor the transmissighe &fUTin
response to thimterfering and th&leekingunwantedsignak.

For the hopping frequency to be tested, adjust the received signal level (wanted signal from the companion
device) at the UUT tthe value defined in tab2 and table3 (clause 4)

NOTEL—Testing of Unidirectional equipment doest require a link to be established with a companion
device

The analger shall be set as follows:

- RBW: use next available RBW settilglowthe measured®ccupied Channel Bandwidth
- Filter type: ———Channel Filter
- VBW.:———  ORBW

- Detector Mode RMS
- CentreFrequency Equal to the hopping frequency to be tested
- Span — OHz

- Sweep time: —> Channel Occupancyiffie of the UUT If the Channel Occupancy Time is
non-contiguougnonLBT based equipmentjhe sweep the shall

be sufficient to
coverthe period over which the Channel Occupancy Time is

spread out
- Trace Mode: —ClearWrite
- Trigger Mode: —Video

Configure the UUT for normal transmissions with a sufficiently high payteadlting in a minimum
transmitter activity ratigTxOn/ (TxOn + TxOff)) of 0,3. Where this is not possible, the UUT shall be
configured to the maximum payload possible.

Using the procedure defined in clais8-+44.6.2.145, it shall be verified that, faequipmentwith a dwell time
greater than the maximum allowable Channel Occupancy Time, the UUT complies with the maximum
Channel Occupancy Time and minimum I8kriod defined irclauseclaused.3.1.7.2.2anebr clause
4.3.1.7.3.2When measuring the Idle Periodtbé UUT, it shall not include the transmission time of the
companion device

Adding the interference signal

Aninterference signas defined in claus®.67 is injected centred on th®pping frequengbeing testedThe
power spectraldensitylevel (atthe input of the UUT of this interference signahall beequal to the detection
thresholddefined in clausd.3.1.7.2.2r clause4.3.1.7.3.2.

Verification of reaction to the interference signal

The spectrum analyser shall be used to monitor the transmissions of the UUT on the selected hopping
frequencywith the interfeing signal injectedThis may require the spectrum analyser sweep to be triggered by
the start of the interfarg signal.
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1 Using the procedure defined in clalisg-74.6.2.145, it shall be verified that:
i)  The UUTshallstoptransmissioaon the hopping frequegdeing tested

NOTE2:-The UUT is assumed to stop transmissionghis hopping frequenayithin a period equal to
the maximum Channel Occupancy Time defined in cldu34d.7.2.2r clause4.3.1.7.3.2As stated in
clause4.3.1.7.3.2step 3the Channel Occupancy Time for RbBT based frequency hopping
equipmenimay be norcontiguous

i) For LBT based frequency hopping equipment, apart from Short Control Signalling Transmissions (see
i) below), there shall be no subsequent transmissions on this hopping frequency, as long as the
interference signal remains present.

For nonrLBT based fregency hopping equipment, apart from Short Control Signalling Transmissions
(see ii) below), there shall be no subsequent transmissions on this hopping frequency for a (silent)
period defined in claus&3.1.7.3.2step 2 After that, the UUT may have noahtransmissions again for
the duration of a single Channel Occupancy Time period (which may beomtiguous). Because the
interference signal is still present, another silent period as defined in dl8uk&.3.2step 2needto be
included.This segience is repeated as long as the interfering signal is present

NOTE3-In case of overlapping channels, transmissions in adjacent channels may generate transmission
bursts on the channel being investigatadwever theywill- have a lower amplitude as-channel
transmissions. Care should be taken to only evaluatetichannekransmissions. The Time Domain

Power Option of the analyser may be used to measure the RMS power of the individual bursts to
distinguish orchannel transmissions from transmissionsadjacent channelkr some cases, the RBW

may need to be reduced.

NOTE4:To verify that the UUT is not resuming normal transmissions as long as the interference signal

is present, the monitoringrie may need to be 60 s or metéiransmissions are detected during this

period, the settings of the analyser may need to be adjusted to allow an accurate assessment to verify the
transmissions comply with the limits for Short Control Signalling Trassions.

iiil) The UUTmaycontinue to havé&hort Control Signalling Transmssiors onthe hopping frequency being
testedwhile the interference signal is presehhese transmissions shall comply with the limits defined
in clause4.3.1.7.4.2

The verification of the Short Control Signalling transmissions may require the analyser settings to be
changed (e.g. sweep time)

iv) Alternatively, he equipment may switch to a radaptive mode

t .

Step-5—Adding-the-blecking signal

1  With the interfering signal present, a 100 % duty cycle CW signal is insertedizs¢kimgunwantedsignal.
The frequency and the level are providedhible32 of clause 4.3.227.2.2, step 6 atable3 of clause

4.31.7.32, stepb.

1  The spectrum analyser shall be used to monitor the transmissions of the UUT on the selected hopping
frequency. This may require the spectrum analyser sweep to be triggered by the stdsoekthgunwanted
signal.

| Using the procedure defined in clalsg-+74.6.2.145, it shall be verified that:

i) —The UUT shall not resume normal transmissions on the hopping frequency being tested as long as
both the interference addeckingunwantedsignakremain present.

NOTE-6:-To verify that the UUT is not resuming normal transmissions as long as the interference and
bleckingunwantedsignals are present, the monitoring time may need to be 60 s orlficarsSMissions

are detected during this period, the settings of the anatyse need to be adjusted to allow an accurate
assessment to verify the transmissions comply with the limits for Short Control Signalling Transmissions.
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i)  The UUT may continue to have Short Control Signalling Transmissions on the hopping frequency being
tested while the interferenemdblockingsighalinwantedsignak arepresent. These transmissions shall
comply with the limits defined in clauge3.1.7.4.2

Hicati i i issi ; settings
t@%@'@he ver|f|cat|on of the Short Control S|gnaII|ng transm|33|ons may reqwre the analyser
settings to be changed (esweep time).

Step6: Removing the interference andsleekingunwanted signal

1 On removal of the interferen@amdbleckingunwantedsignal the UUTis allowed tore-include any channel
previously marked as unavailablowever for nonLBT basedequipmentit shall be verified thathis shall
only be done after the period defined in cladis3e1.7.3.200int,_step2.

Step7:

1  Step2 tostep6 shall berepeated for each of the hopping frequencies to be tested.

5.3+74.6.2.1.23 Non-LBT based adaptive equipment using modulations other than FHSS

The different steps belodefine the procedure to verify the efficiency of the th@®T based DAAadaptive mechanism
of equipmenusing wide band modulations other than FHSS.

For systems using multiple receive chains omlg chain (antenna port) need to be tested. All other receiver inputs shall
be terminated.

Step 1:

1  The UUTshallconnect to a companion device durthgtest Theinterferencesignal generatothe
bleckingunwantedsignal generator, thepectrum analysethe UUT and the companion device are connected
usinga st-up equivalent to the examptgven by figureb although thénterference an8leckingunwanted
signal generator do not generate any signals at this point inTheespectrum analyser is used to monitor the
transmissions dboth the UUT and the companion device and it should be possible to distinguish between
either transmission. In additipthe spectrum analyser is used to monitor the transmissidghs ofUT in
response to the interfering and teckingunwantedsignals.

1  Adjust the received signal level (wanted signal from the companion device) at the théTvidue defined in
table69 (clause 43.2.6.2.2.

NOTEL—Testing of Unidirectional equipment does nequire a link to be established with a companion
device.

1  The analger shall be set as follows:

- RBW: OOccupied Channel Bandwidth (if the analyser does not support this setting, the
highest available setting shall be used)

- VBW: 3 x RBW (if the analyser does not support this setting, the highest available setting
shall be used)

- Detector Mode: RMS

- Centre Frequency: Equal to the centre frequency of the operating channel

- Span: 0 Hz

- Sweep time: > Channel Occupancy Tinw the UUT
- TraceMode: CleavWrite

- Trigger Mode: Video

Step2:
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1  Configure the UUT for normal transmissions with a sufficiently high payteaditing in a minimum
transmitter activity ratigqTxOn/ (TxOn + TxOff)) of 0,3. Where this is not possible, the UUT shall be
configured to the maximum payload possible.

1  Using the procedure defined in clais®.+#4.6.2.145, it shall be verified that the UUT complies with the
maximum Channel Occupancy Time and minimum R#éeod defined in clausé.3.2.6.2.2When measuring
theldle Period of the UUT, it shall not include the transmission time of the companion device.

Step3:  Adding the interference signal

1  Aninterference signas defined in clause & is injected on theurrent operating channef the UUT.The
power spectratlensitylevel (at the input of the UUTYf this interference signahall beequal to the detection
thresholddefined in clausd.3.2.6.2.2step 3-.

Step 4 Verification of reaction to the interference signal

1  The spectrum analyser shall be used to monitor the transmissions of the UUT on the selected operating
channelwith the interfeing signal injectedThis may require the spectrum analyser sweep to be triggered by
the start of the interfarg signal.

| Using the procedure defined in claus&-+74.6.2.145, it shall be verified that:
i)  The UUT shall stop transmissioan the current operating channkeéing tested

NOTE2:-The UUT is assumed to stop transmissiaithin a period equal to the maximum Channel
Occupancy Time defined itlause4.3.2.6.2.2step34.

i)  Apart from Short Control Signalling Transmissions (s@eb&low), here shall be no subsequent
transmissions on thigperating channebf a(silent) perioddefined in clausd.3.2.6.2.2step 2 After
that, the UUT may have normal transmissions again for the duration of a single Channel Occupancy
Time period. Because the interference signal is still present, another silent period as defined in
clause4.3.2.62.2, step 2needsto be includedThis sequence is repeated as long as the interfering signal
is present

NOTE-3:To verify that the UUT is not resuming normal transmissions as long as the interference signal
is present, the monitoring time may need to be 60 s or more.

iii) The UUT may continue to have Short Control Signalling Transmissions apénating channethile
the interference signal is present. These transmissions shall comply with the limits defined in
clause4.3.2.6.4.2.

Step-5-—Addingthe-The verification of the Short Control Signalling transmissions may require the

analyser settings to be changed (sweep time)

iv) Alternatively, he equipment maswitch to a noradaptive modélecking

Step 5: Adding the unwanted signal

1  With the interfering signal preserat100 % duty cycle CW signal is inserted ashackingunwantedsignal.
The frequency and the level are provided in t&8lef clause4.3.211.36.2.2.

1  The spectrum analyser shall be used to monitor the transmissions of the UUT on the selected operating
channel. This may require the spectrum analyser sweep to be triggered by the stdtpekthgunwanted
signal.

| Using the procedure defindad clauses.3-74.6.2.145, it shall be verified that:

i) —The UUT shall not resume normal transmissions on the current operating cisiorey as both the
interference antleckingunwantedsignals remain present.
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NOTE5:-To verify that the UUT is not resuming normal transmissions as long as the interference and
bleckingunwantedsignals are present, the monitoring time may need to be 60 s or more.

i)  The UUT may continue to have Short Control Signalling Transmissiorfsecoperating channel while
the interferencandbleckingunwantedsignak arepresent. These transmissions shall comply with the
limits defined in clausd.3.2.6.4.2.

NOTE6:—The verification of the Short Control Signalling transmissions may require thesanaettings
to be changed (e.g. sweep time).

Step6: Removing the interference andsleckingunwanted signal

il On removal of the interferen@adbleckingunwantedsignal the UUTis allowed tostartnormaltransmissions
again on thi¢hannel howeveit shall be verified that this shall only be done after the period defined in
clause4.3.2.6.2.2step 2

Step7:

1  Step 2 tostep6 shall be repeated for each of the frequencies to be tested

5.3-#4.6.2.1.34 LBT based adaptive equipment using modulations other than FHSS

Fhedifferentsteffiitep 1 to step Melowdefine the procedure to verify the efficiency of the LBased adapte
mechanism oéquipmenusing wide band modulations other than FHB3s method can be applied on Load Based
Equipment and Frame Based Equipment.

Stepl:

1  The UUTshallconnect to a companion device durthgtest Theinterferencesignal generatothe
bleckingunwantedsignal generatothe spectrum analysethe UUT and the companion device are connected
usingaset-up equivalent to the examptgven by figureb although thénterference an8leckingunwanted
signal generator do not generate any signals at this point inTtheespectrum analyser is used to manilte
transmissions dboth the UUT and the companion device and it should be possible to distinguish between
either transmission. In additipthe spectrum analyser is used to monitor the transmissighe fUT in
response to the interfering and teckingunwantedsignals.

1  Adjust the received signal level (wanted signal from the companion device) at the théTvidue defined in
table6-{ctause41.0 (clause4.3.2.6.3.2.2for Frame Based Equipment or in table 11 (clause 4.3.2.6.3.2.3) for
Load Based Equipment

NOTEL—Testing of Unidirectional equipment does not require a link to be established with a companion
device.

1  The analger shall be set as follows:

- RBW: O Oc ¢ Ghanna Bandwidth (if the analyser does not support this setting, the
highest available setting shall be used)

- VBW: 3 x RBW (if the analyser does not support this setting, the highest available setting
shall be used)

- Detector Mode: RMS

- Centre Frequency: Equal to the centre frequency of the operating channel

- Span: 0 Hz

- Sweep time: > maximum Channel Occupancy Time
- Trace Mode: Clear Write

- Trigger Mode: Video

Step2:
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Step 4:

Step 5:
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Configure the UUT for normal transmissions with a sufficiently high payteadlting in a minimum
transmitter activity ratigTxOn/ (TxOn + TxOff)) of 0,3. Where this is not possible, the UUT shall be
configured to the maximum payload possible.

For Frame Based Equipmensing the procedure defined in clalsg.+#4.6.2.145, it shall be verified that the
UUT complies with the maximum Channel Occupancy Time and minimuniPédled defined in
clause4.3.2.6.3.2.&tep-3-, step 3When measuring the Idle Period of the UUT, it shall not include the
transmission time of the companion device.

For Load Based equipment, using the procedure defined in @84%4.6.2.145, it shall be verified that the
UUT complies with the maximum Chael Occupancy Timand minimum Idle Periodefined in
clause4.3.2.6.3.2.3step 2 and step. 3Vhen measuring the Idle Period of the UUT, it shall not include the
transmission time of the companion device

NOTE2—For the purpose of testinghad Based Equipment referred to in the first paragraph of clause
4.3.2.6.3.2.3IEEE802.1E [i.3r3] or IEEE 802.15.& [i.4i-4] equipment), théimits to be applied for the
minimum Idle Period and the maximum Channel Occupancy Timtharsames defined for other types of
Load Based Equipant (see claus#.3.2.6.3.2.3step 2 and step B The Idle Period isonsidered to bequal
to the CCA or Extended CCA time defined in clads®2.6.3.2.3step 3 and step 2.

Adding the interference signal

Aninterference signas definedin clause B67 is injected on the current operating channel of the UTHe
power spectral densitgvel (atthe input of the UUTY of this interference signahall beequal to the detection
thresholddefined in clausd.3.2.6.3.2.2step 5 (frame based equipment) or clays8.2.6.3.2.3step5) (load
based equipment)

Verification of reaction to the interference signal

The spectrum analyser shall be used to monitor the transmissions of the UUT on the selected operating
channelwith the interfeing signal injectedThis may require the spectrum analyser sweep to be triggered by
the start of the interfarg signal.

Using the procedure defined in clais8+4.6.2.145, it shall be verified that:
i)  The UUT shalktoptransmgsionson the current operating channel

NOTE3:-The UUT is assumed to stop transmissiaithin a period equal to the maximum Channel
Occupancy Time defined in clau4e8.2.6.3.2.2frame based equipment) dause4.3.2.6.3.2.3load
based equipment)

i) Apartfrom Short Control Signalling Transmissions, there shall be no subsequent transmissions while the
interfering signal is present.

NOTE4:To verify that the UUT is not resuming normal transmissions as long as the interference signal
is present, the monitimg time may need to be 60 s or more.

iii) The UUT may continue to have Short Control Signalling Transmissions on the operating channel while
the interfeing signal is present. These transmissions shall comply with the limits defined in
clause4.3.2.6.4.2

NOTES5:-The verification of the Short Control Signalling transmissions may require the analyser settings
to be changed (e.g. sweep time)

iv) Alternatively, the equipment may switch to a reaptive mode
Adding the bleckingunwanted signal

With the interfering signal present, a 1@0duty cycle CW signal is inserted as tHeckingunwantedsignal.
The frequency and the level are providediainle6-o£10 (clause 4.3.2:16.3.2.2) for Feame Based Equipment
or in tablell (clause 4.3.2.6.3.2.3) fonad Based Equipment.

The spectrum analyser shall be used to monitor the transmissions of the UUT on the selected operating
channel. This may require the spectrum analyser sweep to be triggered by the stdbakihgunwanted
signal.
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1 Using the procede defined in claus.3:74.6.2.145, it shall be verified that:

i)  The UUT shall not resume normal transmissions on the current operating channel as long as both the
interference andloeckingunwantedsignals remain present.

NOTE-6:-To verify that the UUT is not resuming normal transmissions as long as the interference and
bleckingunwantedsignals are present, the monitoring time may need to be 60 s or more.

i)  The UUT may continue to have Short Control Signalling Transmissiorfsecoperating channel while
the interfering andbleckingunwantedsignals are present. These transmissions shall comply with the
limits defined in clausd.3.2.6.4.2.

NOTEZ-The verification of the Short Control Signalling transmissions may require thgsanakttings
to be changed (e.g. sweep time).

Step6: Removing the interference andsleckingunwanted signal

1  Onremoval of the interferenemdblockingsignalinwantedsignak the UUTis allowed tostart transmissions
again on this channdhowever this is not a requirement ayitierefore does not require testing.

Step7:

1  Step 2 tostep6 shall be repeated for each of the frequencies to be tested

5.3-#4.6.2.1.45 Generic test procedure for measuring channel/frequency usage

This is a generic test method to evaluate transmissions on the operating (hopping) frequency being investigated. This
test is performed as part of the procedures described in @a848£6.2.11-up2 to clauses.3-74.6.2.134.

The test procedure shall bs follows:
Step 1:

1  The analger shall be set as follows:

- Centre Frequency: Equal to the hopping frequency or centre frequency of the channel
beinginvestigated

- Frequency Span: OHz

- RBW: ~ 50% of the Occupied Channel Bandwidththe analyser does not support
this setting, the highest available setting shall bejyised

- VBW: ORBW (if the analyser does not support this setting, the highest available
setting shall be uségd

- Detector Mode: RMS.

- Sweep time: > the Channel Ocqancy Time It shall be noted that the Channel

Occupancy Time is neoontiguous (for no.BT based Frequency Hopping
Equipmen}, thesweep time shall be sufficient to cover the period over which
the Chanel Occupancy Time is spread out

~——Number ofsweep points—see-rete

- NOTE: The time resolution has to be sufficient to meet the maximum measurement
uncertainty of 5 % for the period to be measured. In most cases, the Idle
Period is the shortest period to be measured and thereby defining the time
resolution. If the Channel Occupancy Time isfoomtiguous (nofLBT
based frequency hopping equipment), there is no Idle Period to be measured
and therefore the time resolution can be increased (e.g. to 5 % of the dwell
time) to cover the period over whit¢he Channel Occupancy Time is spread
out, without resulting in too high a number of sweep points for the analyser

EXAMPLE 1: For a Channel Occupay@ime of 60 ms, the minimum Idle Period is 3 ms, hence the minimum
time resolution should be 150 5.
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EXAMPLE 2: For a Channel Occupancy Time of 2 ms, the minimum Idle Period is 100 us, hence the minimum
time resolution should be5 ps.

EXAMPLE 3: In case of a equipmenusing the norcontiguous Channel Occupancy Time approach (40 ms) and
using 79 hoppindrequencies with a dwell time of 3,75 ms, the total period over which the
Channel Occupancy Time is spread out is 3,2 s. With a time resolution 0,187%4wf {Be
dwell time), the minimum number of sweep points is ~ 17 000.

- Trace mode: —— Clear / Wrie

- Trigger: Video

In case of Frequency Hopping Equipment, the data points resulting from transmissions on the hopping frequency being
investigated are assumed to have much higher levels compared to data points resulting from transmissions on adjacent
hopping frequencies. If a clear determination between these transmissions is not possible, the RBW in step 1 shall be
further reduced. In addition, a channel filter may be used.

Step 2:

1  Save the trace data to a file for further analysis by a computingedesing an appropriate software
application or program.

Step 3:
i Identify the data points related to the frequency being investigated by applying a threshold.

$——Count the number of consecutive data points identified as resulting from a single transmisisén on
frequency being investigated and multiply this number by the time difference between two consecutive data
points.

1  _Repeat this for all the transmissions within the measurement window.

i For measuring idle or silent periods, count the number of congedaldta points identified as resulting from a
singletransmitter off perioan the frequency being investigated and multiply this number by the time
difference between two consecutive data poiRepeat this for all the transmitter off periods within the
measurement window

5.3:74.6.2.2 Radiated measurements

Fhis-metholiVhen performing radiated measurements on equipment with dedicated antennas, measshatresys
be usedepeatedor integrabach alternative dedicatadtennaeguipment-that does-not-have-atempeoraryantenna
connector(s)-provided

A test site as described in annex B and applicable measurement procedures as described in annex C shall be used.

The test procadteis further as described under clase.74.6.2.1
5.3:84.7 Occupied Channel Bandwidth

5.3.84.7.1 Test conditions

See clausé.1for theenvironmentatest conditions. These measurements shall only be performed at normal test
conditions.

In case otonducted measurements on smart antenna systems (equipment with multiple transmit chains) measurements
need only to be performed on one of the active transmit chains (antenna outputs).

Forequipmenusing FHSS modulation and which have overlapping chansdgial software might be required to
force the UUT to hop or transmit on a single Hopping Frequency.

The measurement shall be performed only on the lowest and the highest frequency within the stated frequency range.
The frequencies on which the testere performed shall be recorded.
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If the equipment can operate with differé&aminal Channel Bandwidths (e.g. 20 Mldnd40 MHz), then each
channel bandwidth shall be tested separately.

5.3.84.7.2 Test method

5.3:84.7.2.1 Conducted measurement
The measurenm procedure shall be as follows:
Step 1:

Connect the UUT to the spectrum analyser and use the following settings:

1  Centre Frequency: The centre frequency of the channel under test
1  Resolution BW: ~ 1 % of the span without going belowd

1 Video BW: 3 x RBW

$——Frequency Spafe

1  Frequeney-Spanforothertypesofequipment 2 x Nominal ChannelBandwidth{e-g—40-MHzfor-a

20MHz-channel)
1  Detector Mode: RMS
1  Trace Mode: Max Hold
1  Sweep time: 1ls
Step 2:

Wait for thetraceto stabilize.
Find the peak value of the trace and place the analyser marker on this peak.
Step 3:

Use the 9%6 bandwidth function of the spectrum analyser to measure the Occupied Bandeidth of the UUT.
This value shall be recorded.

NOTE—Make surehat the power envelope is sufficiently above the noise floor of the analyser to avoid the noise
signals left and right from the power enveldg@ngtakeninto account by this measurement

5.3.84.7.2.2 Radiated measurement

The test set up as descrlbed in annex B and the aopllcable measurement Drocedures described in annex C shall be used.

Alternatively, a test flxture may be used.

The test procedure is as described under cladsel.7.2.1.
5.3:94.8 Transmitter unwanted emissions in the out-of-band domain

5.3.94.8.1 Test conditions
See clausé.1 for theenvironmentatest conditions.

These measurements shall only be performed at normal test conditions.
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Forequipmenusing FHSS modulation, the measurements shall be performed during normal offlecgijmng)

For equipmenusing wide band modulations other than FHSS, the measurement shall be performed at the lowest and
the highest channeln which the equipment can operate. THesguenciegperating channekshall be recorded.

The equipment shall be configured to operate under its worst case situation with respect to output power.
If the equipment can operatgth differentNominal ChannéBandwidths (e.g. 20 MHzand40 MHz),then each
channel bandwidtkhall be tested separately.

5.3.94.8.2 Test method

5.3:94.8.2.1 Conducted measurement

The applicable mask is defined by the measurement results fromtthpadermed under claude3-84.7 (Occupied
Channel Bandwidth).

The Out-of-bandemissions within the differefitorizontalsegments of the magkovided infiguresfigure 1 andfigure 3
shall be measured using tsiepprocedure irstepl to step Below. This method assumes the spectramalyser is
equipped with the Time Domain Power option.

Step 1
1  Connect the UUT to the spectrum analyser and use the following settings:

- CentreFrequency: 2 484 MHz

- Span: — 0Hz

- Resolution BW: —1 MHz

- Filter mode: ——Channel filter

- Video BW: —3MHz

- Detector Mode: —RMS

- Trace Mode: —Max Hold

- Sweep Mode: —Continuous

- Sweep Points: —SweepTime [s] /(1 )sors5 000whichever igyreater

~—Trigger Mode: —Video trigger

- NOTEL In; in case video triggering is not possible, an external trigger source may be used

- Sweep Time: > 120 % of the duration of the longest burst detected during the measurement of the
RF Output Power

Step 2(segment 2 483,5 MHz to 2 483,5 MHz + BW):
1  Adjust the tigger level to select theansmissionsvith the highest power level.

1  For frequency hopping equipment operating in a normal hopping mode, the different hops will result in signal
burstswith different power levels. In this case the burst with the higheseplevel shall be selected.

1  Seta window (start and stop lines) to match with the start and end of the burst and in which the RMS power
shall be measured using the Time Domain Power function.
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1  Select RMS power to be measured within the selected window and note the result which is the RMS power
within this 1 MHzsegmen{2 483,5 MHz to 2 484,5 MHz)Comparethis valuewith the applicable limit
provided by the mask

1 Increasehe centre frequendy steps of 1 MHand epeathis measuremerior every 1 MHz segment within
the range 283,5 MHz to 2 483,MHz + BW. The centrdrequency of the last 1 MHz segment shall be set to
2 483,5MHz + BW - 0,5 MHz (which means this may partly overlap with ghrevious 1 MHz segment

Step3 (segment 2 483,5 MHz + BW to 2 483,5 MHz + 2BW):

1  Change the centre frequency of the analyser to42vil8z + BW and perform the measuremédot the first
1 MHz segmentvithin range 2 483,5 MHz BW to 2 483,5 MHz #2BW. Increase the centre frequency in
1 MHz steps and repeat the measurements to cover this whole Taiegeentrdrequency of the last 1 MHz
segment shall be set ta483,5MHz + 2 BW - 0,5MHz (which means this may partly overlap with the
previous 1 MHz segment)

Step4 (segment 2 400 MHz BW to 2 400 MHz):

1  Change the centre frequency of the analyser to 2 399,5 MHz and perform the measuretmefitfod MHz
segmentvithin range 2 80 MHz - BW to 2 90 MHz Reduce the centre frequency in 1 MHz steps and tepea
the measurements to cover this whole raige. centrdrequency of the last 1 MHz segment shall be set to
2 400 MHz - BW + 0,5MHz (which means this may partly overlap with the previous 1 MHz segment)

Step5 (segment 2 400 MHz 2BW to 2 400 MHz- BW):

1  Change the centre frequency of the analyser to 2 399,5-NBMZ and perform the measurement for the first
1 MHz segment within range 2 400 MH2BW to 2 400 MHz- BW. Reduce the centre frequency in 1 MHz
steps and repeat the measurements to cover toiewdmnge. The centfeequency of the last 1 MHz segment
shall be set to 200MHz - 2BW + 0,5 MHz(which means this may partly overlap with the previous 1 MHz
segment)

Step 6:

1  Incase of conducted measurements on equipment with a single transmittehaéc|aredantenna assembly
gain=G* in dBi shall be added to the results for each of the 1 MHz segments and compared with the limits
provided by the mask given in figure 1fayure 3. If more than one antenna assembly is intended for this
powersetting, the antenna with the highest gain shall be considered.

1 Incase of conducted measurements on smart antenna systems (equipment with multiple transmibehains),
measurements need to be repeated for each of the active transmitTheateclaredantenna assembly gain
“G~ in dBi for a single antera shall be added to these resuftsnore than one antenna assembly is intended
for this power setting, the antenna with the highest gain shall be consi@eragarison with the applicable
limits shallbe done using any of the options given below:

- Option 1:the results for each of the transmit chdrsthe corresponding 1 MHz segments sball
added The additional beamforming gahv~ in dB shall be added as walhdthe resulting values
compared withthe limits provided by the mask given in figure Ifigure 3.

- Option 2:the limits provided by the mask given in figure Ifigure 3 shall be reduced by
10 x log; (A and theadditional beamforming ga#y= in dB. The results for each of the transmit

chains shall be individually compared wittese reduced limits.

NOTE2: A, refers to thenumber of active transmit chains

It shall be recorded whether the equipment complies with the mask provided in figuiigureB.

5.3:94.8.2.2 Radiated measurement

Fhismethod he test set up as descrlbed in annex B and the appllcable measurement procedures described in annex C
shallenly-be usedeo . ; provided.

Eshall be used.

Alternatively a test f|xture may be used.
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The test procedure is as described under cla3s81.8.2.1.

5.3:204.9 Transmitter unwanted emissions in the spurious domain

5.3-3064.9.1 Test conditions

See clausé.1for theenvironmentatest conditions. These measurements shall only be performednaal test
conditions.

The level of spurious emissions shall be measured as, either:

a) their power in a specified load (conducted spurious emissions) and their effective radiated power when
radiated by the cabinet or structure of the equipment (cabineticadi or

b) their effective radiated power when radiated by cabinet and aniteorae of integral antenna equipmesith
no temperaryantenna ennectos.

Forequipmenusing FHSS modulation, the measuremamaybe performedvhen normal hopping is disabled. In this
case measurements need to be performed when operating at the lowest and the highest hopping frequency. When this is
not possible, the measurement shall be perforshoeitig normal operatiothopping)

Forequipmenusing wide band modulations other than FHSS, the measurement shall be performed at the lowest and
the highest channel on which the equipment can operate. ffegaenciegperating channelshall be recorded.

The equipment shall be configured to operateeuiitd worst case situation with respect to output power.

If the equipment can operate with differé&gminal Channel Bandwidthg.g. 20 MHz and 40 MHz}hen the
equipment shall be configured to operate under its worst case situation with respedbtes sgguissions.

5.3-104.9.2 Test method

5.3:104.9.2.1 Conducted measurement

5.3:104.9.2.1.1 Introduction

The spectrunin the spurious domain (see figurer figure 3) shall be searched for emissions that exceed the limit
values given inable14 or table412 or that come to within 6 dB below thelimits. Each occurrence shall be recorded.

The measuremeprocedureshall-be-as-follewsontains 2 parts

5.3404.9.2.1.2 Pre-scan

Thetestprocedurebelow-shall-be-uséal step 1to step 4below shall be used identify potential unwanted emissions
of the UUT.

Step 1:
identify-potentialunwanted-emissions-of-the JUT.
Step-t:

The sensitivity of theneasurement seip should be such that the noise floor is at 1é24B below the limits given in
tabled4 or table412.

Step 2:
The emissions over the range 30 MHz 10D MHzshall be identified
Spectrum analyser settings:

1  Resolution bandwidth: 100 kHz

| Video bandwidth: 300 kHz
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1  Filter type:
i Detector mode:
1 Trace Mode:

$——Sweep Points:

ﬂ NOTE 1
LA A= =
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3 dB (Gaussian)
Peak

Max Hold
019400

For, for spectrum analysers not supporting this high number of sweep points, the

Al

1  Sweep time:

frequency band mageed-tdbe segmented

For non continuous transmissions (duty cycle less than 100 %), the sweep time shall
be sufficiently long, such that for each 100 kHz frequency stepnéasurement
time is greater than two transmissions of the YT any channel

For Frequency Hoppingguipmenbperating in a normal operatingdpping not
disabled) mode, the sweep time shall be further increased to capture multiple
transmissions oany ofthe hopping frequenes

NOTE2-—-The above sweep time setting may result in long measuring times in case
of frequency hopping equipmefito avoid such long measuring times, FFT
analyserouldnaybeused

Allow the trace to stabilizéAny emissions identified during the sweeps abowtthat fall within the 6 dB range below
the applicable limibr above shall be individually measured using the procedure in cla@se34.9.2.13 and
compared to the limits given table14 or table412.

Step 3:

The emissions over the ranfjé&sHz t012,75 GHzshall be identified.

Spectrum analyser settings:
1  Resolution bandwidth:
Video bandwidth:
Filter type:

)l

il

i Detector mode:
1  Trace Mode:
)l

Sweep Points:

.be—segmen{e d

1  Sweep time:

1 MHz

3 MHz

3 dB Gaussan)
Peak

Max Hold

023 50Q for spectrum analysers not supporting this high nurabsweep points,
the frequency band may be segmented

For non continuous transmissions (duty cycle less than 100 %), the sweep time
shall be sufficiently long, such that for each 1 MHz frequency step, the measurement
time is greater than two transmissions of the YoiT any channel

For Frequency Hoppingquipment operating in a normal operating (hopping not
disabled) mode, the sweep time shall be further increased to capture multiple
transmissions oany ofthe hopping frequemnes

NOTE4+-The above sweep time setting may result in long measuring times in case
of frequency hopping equipment. To avoid such long measuring times, an FFT
analyserceudldmaybe used

Allow the trace to stabilizeAny emissions identified during the sweeps aboveftibwithin the 6 dB range below the
applicable limitor above shall be individually measured using the procedure in cla3se34.9.2.13 and compared to
the limits given intable14 or table412.
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Frequency Hopping equipment mggneratea block(or several blocksdf spurious emissions anywhere within the
spurious domain. If this is the case, only the highest pealdalf tock of emissions shall be measured using the
procedure in clause3-284.9.2.13.

Step 4:

1  In case of conducted measuremantsmart antenna systems (equipment with multiple transmit chains),
step2 andstep3 need to be repeated for each of the active transmit oi#gigsT he limits used to identify

emissions during this prscan need to be reducedthby 10 x log, o (A p-rumberof-active-transmit-chajns

5.3:104.9.2.1.3 Measurement of the emissions identified during the pre-scan

Thestepprocedure irstepl to step delow shall be used to accurately measure the individual unwanted emissions
identified during the prscan measurements aboVis method assumes the spectrum analyser has a Time Domain
Power function.

Step 1:
The level of the emissions shall be measwsidg the following spectrum analyser settings:

| Measurement Mode: Time Domain Power

1  Centre Frequency: Frequency othe emission identified during the psean
i Resolution Bandwidth: 100 kHz (<1 GHz) / 1 MHz (> 1 GHz)
1  VideoBandwidth: 300 kHz (<1 GHz) / 3Hz (> 1 GHz)
1 Frequency Span: Zero Span
1  Sweep mode: Single Sweep
1 Sweep time: > 120% of the duration of the longest burst detected during the measurement of the
RF Output Power
1  Sweep points: Sweeptime [us] /(1 ps) with a maximum of 30 000
1  Trigger: Video (burst signals) or Manual (continuous signals)
1 Detector: RMS
Step 2:

Set a window where the start and siogiicatorsmatch the start and end of the burst with the highest level and record
the value of the power measured within this window.

If the spurious emission to be measured is a continuous transmission, the measurement window shathatkdh&
start and stop times of the sweep

Step3-
Step 3.

In case of conducted measurements on smart antenna systems (equipment with multiple transmit chaimsgdstep
to be repeated for each of the active transmit cH#ipg.

Sum themeasuregbower(within the observed windowbr each of theactive tranmit chairs.
Step4:
The valuedefined in step 3hall be compared to the limits definedables1-andable4 or table12.

5.3:104.9.2.2 Radiated measurement

The test site as described in annex B and applicable measurement procedures as descnier€ishall be used.
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The test procedure is further as described under ctaB<é?.9.2.1.

5.3-234.10 Receiver spurious emissions

5.3-314.10.1 Test conditions

Seeclauseb. 1 for theenvironmentatest conditionsThese measurements shall only be performed at normal test
conditions.

The level of spuriousmissions shall be measuredeither:

a) their power in a specified load (conducted spurious emissionghaincffective radiated power when
radiated by the cabét or structure of the equipment (cabinet radiation);

b) their effective radiated power when radiated by cabinet and antenna in case of integral antenna equipment with
notemporary antenna connectors

Testing shall be performed when the equipment isrgtaiveonly mode.

Forequipmenusing wide band modulations other than FHSS, the measurement shall be performed at the lowest and
the highest channel on which the equipment can operate. These frequencies shall be recorded.

Forequipmenusing FHSS modulan, the measurements may be performed when normal hopping is disabled. In this
case measurements need to be performed when operating at the lowest and the highest hopping frequency. These
frequencies shall be recorded. Whiksabling the normal hoppirig not possible, the measurement shall be performed
during normal operation (hopping).

5.3-114.10.2 Test method

5.3314.10.2.1 Conducted measurement

5.3414.10.2.1.1 Introduction

In case of conducted measurements, the radio equipment shall be conndweddasuring equipment via a
attenuato#s Be : i ec i

aRattenuatsr.

uipment via

The spectrum in the spurious domain (see figurefigore 3) shall be searched for emissidhat exceed the limit
values given in tabl@5 or table513 or that come to within 6 dB below these limits. Each occurrence shall be recorded.

The measuremeprocedureshall-be-asfellowsontains 2 parts

5.3314.10.2.1.2 Pre-scan

The procedurén step 1 to step Below shall be used to identify potential unwanted emissions of the UUT.

Step 1:

The sensitivity of the spectrum analyser should be thattthe noise floor is at least 12 dB below the limits given in
table25 or table513.

Step 2:
The emissions over the range 30 MHz to 1 000 MHz shall be identified.
Spectrum analyser settings:

i Resolution bandwidth: 100 kHz
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1  Video bandwidth: 300 kHz

1  Filtertype: 3 dB (Gaussian)
1  Detector mode: Peak

1  Trace Mode: Max Hold

f  Sweep Points: 019400

1  Sweep time: Auto

Wait for the trace to stabilizéAny emissions identified during the sweeps above and that fall within the 6 dB range
below the applicable limit or above, shall be individually measured using the procedure irb&s&e10.2.1.3and
compared to the limits given in takis or table513.

Step 3:
The emissions over the range 1 GHz to 12,75 GHz shall be identified.
Spectrum analyser settings:

| Resolution bandwidth: 1 MHz

1  Video bandwidth: 3 MHz

i Filter type: 3 dB (Gaussian)

1  Detector mode: Peak

1  Trace Mode: Max Hold

f——Sweep Points: 023500

1 NOTE: For, for spectrum analysers not supporting this high number of sweep points, the
frequency band mageed-tdbe segmented

1  Sweep time: Auto

Wait for the trace to stabilizéAny emissions identified during the sweeps above that fall within the 6 dB bahge
the applicable limit or above, shall be individually measured using the procedure incB&3410.2.1.3and
compared to the limits given in talis or table513.

Frequency Hopping equipment may generate a block (or several blocks) of spurious emissions anywhere within the
spurious domain. If this is the case, only the highest peak of each block of emissions shall be measured using the
procedure in clause3-1434.10.2.1.3

Step 4:

i In case of conducted measurements on smart antenna systems (equipment withreudfigehains), step 2
andstep3 need to be repeated for each of the acteeivechainstA )The limits used to identify emissions

during this prescan need to be reducedthby 10 x log, o {A )-{rumber-ofactiveeceivechains).

5.3-414.10.2.1.3 Measurement of the emissions identified during the pre-scan

Thestepprocedure irstepl to step delow shall be used to accurately measure the individual unwanted emissions
identified during the prscan measurements aboVéais method assumes the spectrum analyser has a Time Domain
Power function.

Step 1:
The level of the emissions shall be measwsidg the following spectrum analyser settings:

| Measurement Mode: Time Domain Power
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1  Centre Frequency: Frequency othe emission identified during the pszan
1  Resdution Bandwidth: 100 kHz (<1 GHz) /1 MHz (> 1 GHz)
1  Video Bandwidth: 300 kHz (< 1 GHz) 8 MHz (> 1 GH2z)
1 Frequency Span: Zero Span
1  Sweep mode: Single Sweep
1  Sweep time: 30 ms
 Sweep points: O 30 000
1  Trigger: Video (for burst signals) or Manual (for continuous signals)
1 Detector: RMS
Step 2:

Set a window where the start and stop indicators matktart and end of the burst with the highest level and record

the value of the power measured within this window.

If the spurious emission to be measured is a continuous transmission, the measurement window shall be set to the start
and stop times of thsweep.

Step3:
Step3:

In case of conducted measurements on smart antenna systems (equipment withreudtimehains), stef@ needs to
be repeated for each of the actieeeivechains(A -

Sum the measured power (within the observed windowgdoh of the active receive chains
Step4:
The valuedefined in step 3hall be compared to the limits definedables2table5 and5table13.

5.3114.10.2.2 Radiated measurement
The test site as described in annex B and applicable measurement proasdiessibed in annex C shall be used.

The test procedure is further as described under cta8ge4.10.2.1.

5.4.11 Receiver Blocking

54.11.1 Test conditions

See clause 5.1 for tlevironmentatest conditions. These measurements shall only be pefoatmormal test
conditions.

For nonfrequencyhoppingequipment, having more thameoperatingchannel the equipment shall beesed operating
atboththe lowest and highest operaticisannes. Equipmentwhich can change their operatioliannelutomatically
(adaptive channel allocation), and where this function cannot be disshididye tested asfeequency hopping

equipment.

If the equipment cabe configured tmperate with different Nominal Channel Bandwidths (e.q. 20 MHz and 40 MHz)
anddifferent dataates, then theombination of thesmallest channel bandwid#émd thdlowestdata rate for this

channel bandwidthkvhich still allowsthe equipment to operate as intendbdll be usedlhis mode of operation shall

be aligned with the perfarance criterialefined in clause 4.3.1.12.3 or clause 4.3.2.11dxakred by the
manufacturefsee clause 5.41]) and shall be described in the test report.

It shall beverified thatthis performance criteriasdeclaredoy the manufactureas achieved.
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5.4.11.2 Test Method

5.4.11.2.1 Conducted measurements

For systems using multiple receive chains only one dlagitenna portheed to be tested. All other receiver inputs shall
be terminated.

Figure6 shows thdest setup which can be used fperforming the receiver blocking test

Variable attenuator Performance
step size < 1dB Monitoring
Device
Signalling Unit
or
Companion
Device «—>_All I‘ » Splittert Direct. Coupler
;s p—— » .
.| Combiner m—> uut
p
Blocking Signal
Source
Y

Spectrum
Analyzer

Optional

Figure 6: Test Set-up for receiver blocking

The procedure in step 1 to stepé&owshall be usetb verify the receiver blocking regrement as described in
clause4.3.1.12 or clase4.3.2.11.

Table6, table7 and table8 in clause 4.3.1.12.contain theapplicable blocking frequencies and blocking levels for each
of the receiver categories for testing Receiver Blocking on frequency hopping equipment.

Table 4, table 5 and table & in clause 4.3.2.14.contain the applicable blocking frequencies and blocking levels for
each of the receiver cateqgories for testing Receiver Blocking on equipment using wide band modulations other than
FHSS.

Step 1:
1 For mon-frequency hoppig equipmentthe UUT shall besetto the lowest operatinghannel.

1 The blocking signal generator is set to the first frequency as defiried appropriatéable corresponding to
the receiver categomnd type of equipment

1 With theblocking signal generator switched adfcommunication link igstablishedetween the UUT and the
associated companion device using the test setup shdvguia6. Theattenuation of theariable attenuator
shall be increased in 1 dB stdpsa valueat whichthe minimum performanceriteriaas specified in
clause4.3.1.12.3 or clause 4.3.2.11s3still met The resulting level for the wanted sigmdlthe input of the
UUT is Py

{_ This signal level(P,;,) is increasedby thevalue provided in the table corresponding to the receiver category
and type of equipment

Step 4:

1 The blocking signa&t the UUTis set to the levebrovided in the table corresponding to the receiver category
and type of equipmenit shall beverified and recorded in the test reptratthe performance criterias
specified in clause 4.3.1.12.3 or clause 4.3.2.[Eln3et.
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Step 5:

1 Repeastep4 for each remaining combination of frequency and léuethe blocking signahsprovided inthe
tablecorresponding to the receiver categang type of equipment

Step 6:
1 For nonfrequency hopping equipmemépeatstep? to step5 with the UUT operating at the highest operating
channel
5.4.11.2.2 Radiated measurements

When performing radiated measurentseon equipment with dedicated antennas, measurements shall be repeated for
each alternative dedicated antenna.

A test site as described in annex B and applicable measurement procedures as described in annex C shall be used.

The test procedure is furthas described under clause 5.4.11..2

Thelevel of theblocking signal at the UUTeferredto in step 4 is assumed to be the level in front of the UUT
antenna(s). The UUT shall be positioned with its main beam pointing towards the antenna radiatoukiting sitjnal.
The position recorded in clause 5.4.2.2.2 can be used.

ETSI



80 ETSI EN 300 328 vV2.1.1 (2016-11)

Annex A (rermative):
: \ I : fioat

informative):
Relationship between the present document er o (@) specific clause(s) in

(ayspesificreferenceddamentsi@Nd the essential requirements of
Directive 2014/53/EU

nce to (a)
man S),

upport

ervice or

The present document has been prepared under the Commission's standardisation request C(2015)i53%84inal

to provide one voluntary means of conforming to tese@tial requirements of Directive 2014/53/EU on the

harmonisation of the laws of the Member States relating to the making available on the market of radio equipment and
repealing Directive 1999/5/E[. 1i-1].

Once the present document is cited in the Official Journal of the European Union under that Directive, compliance with
the normative clauses of the present document givebla A.1 confers, within the limits of tleeope of the present

document, a presumption of conformity with the corresponding essential requirements of that Directive, and associated
EFTA regulations.

Table A.1: Relationship between the present document and
the essential requirements of Directive 2014/53/EU

Harmonised Standard ETSI EN 300 328

rective fi1]

Requirement Requirement Conditionality Fest-Specitication
. Reference: o E/O Reference:
No Description Clause No u/C Condition ol [
1 RF Output Power 43.1.2 0or U E 532
4322
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Requirement Requirement Conditionality Test Specification
No Description Fé(laference. u/C Condition B0 ’
ause No
2 |Power Spectral Density 4.3.2.3 Only for equipment using wide band E
modulations other than FHSS
3 |Duty cycle, Tx-Sequence, 4.3.1.30or Only for non-adaptiveAdaptive E
Tx-gap 4324 equipment
4 Accumulated Transmit time, 4.3.1.4 Only for FHSS_equipment E
Frequency Occupation &
Hopping Sequence
5 |Hopping Frequency 4.3.15 Only for FHSS_equipment E
Separation
6 |Medium Utilization 43.1.6or Only for non-adaptiveAdaptive E
4.3.25 equipment
7  |Adaptivity 4.3.1.7 or Only for adaptiveAdaptive equipment | E
4.3.2.6
8 |Occupied Channel 4.3.1.8 or E
Bandwidth 4.3.2.7
9  |Transmitter unwanted 4.3.190r E
emissions in the OOB 4.3.2.8
domain
10 ([Transmitter unwanted 4.3.1.10 or E
emissions in the spurious 4.3.2.9
domain
11 |Receiver spurious 4.3.1.11 or E
emissions 4.3.2.10
12 |Receiver Blocking 4.3.1.12 or CU |Only-foradaptive-equipment E
4.3.2.11
13 |Geo-location capability 4.3.1.13 or HimplementedOnly for equipment P

Key to columns:

Requirement:

No A unique identifier for one row of the table which may be used to identify a requirerigstest
ification
Description A textual reference to the requirement.

Clause Number Identification of clause(s) defining the requirement in the present documieiss another
document is referenced explicitly.

Requirement Conditionality:

u/C Indicates whether the requiremésite-beunconditionally applicable (U) or is conditional upon
the manufacturenmanufacturées claimed functionality of the equipment (C).
Condition Explains the conditions when the requirem&walis or shalis notbeapplicable for a requirement

which is classified "conditional".
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ment unless
is-where the

Presumption of conformity stays valid only as long as a reference to the present document is maintained in the list
published in the Official Journal of the European Union. Users of the present document should consult frequently the
latest list publisheth the Official Journal of the European Union.

Other Union legislation may be applicable to the product(s) falling within the scope of the present document.
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Annex B (normative):
Test sites and arrangements for radiated measurement

B.1 Introduction

Thisannex introduces three most commonly available test sites and a test fixture, to be used in the radiated
measurements in accordance with the present document.

Subsequentlythe following itemsail-bearedescribed:
1  Open Area Testife (OATS)
1  Semi Anechoi®Room (SAR);
i Fully Anechoic Room (FAR);
1  Test fixture for relative measurements.

The first three are generally referred to as free field test sites. Both absolute and relative measurements can be
performed on these sites. Thei-bearedescibed in clausd.12. Clause B23 describes the antennas used in these test
sites. The test fixture can only be used for relative measurementsildaebredescribed irclauseB.34.

Where absolute measurements are to be carried out, the chamber should be verdfiailed\\etrification procedure is
described irclause6 of ETSITR 102 2724 [i.10-20] for the OATS, inclause6 of ETSITR 102 2733 [i.9:9] for the
SAR, and irclause6 of ETSITR 102 2732 [i.88] for the FAR.

Information for calculating the measurement uncertainty of measurements on one of these test sites can be found in
ETSITR 1000281 f[i. 15]4}izA5}} andETSITR 100 0282 [i.11i-14], ETSITR 102 2732[i.8-8], ETSITR 102 2733
[i.9-9] andETSITR 102 2734 [i.10i-40].

In addition to the above, clausegB.in this annex decribesthe Interference Signéd beused forthe Adaptivity Tests.

B.22 Radiation test sites

B.22.1 Open Area Test Site (OATS)

An Open Area Test Site comprises a turntablene end and an antenna mast of variable height at the other end above
a ground plane which, in the ideal case, is perfectly conducting and of infinite extent. In practice, while good
conductivity carbe achieved, the ground plane size has to be limited. A typical Open Area Test Site is shown in
figure B.1.
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Substitution antenna

Measurement antenna

Antenna mast

/9 Ay

Turntable

Ground plane

Figure B.1: A typical Open Area Test Site

The ground plane creates a wanted reflection path, such that the signal received by the receivangs dhtesmm of
the signals received from the direct and reflected transmission paths. The phasing of these two signals creates a unique
received level for each height of the transmitting antenna (or UUT) and the receiving antenna above the ground plane.

The antenna mast provides a variable height facility (from 1 m to 4 m) so that the position of the measurement antenna
can be optimized for maximum coupled signal between antennas or between a UUT and the measurement antenna.

A turntableis capable of rotan through 360° in the horizontal plane and it is used to support the test sample (UUT) at a
suitableheight, usually 1,5 m above the ground plane.

The measurement distance and minimum chamber dimensions can be found B.&RBds&he distance usedaatual
measurements shall be recorded with the test results.

Further information on Open Area Test Sites can be fouR@ 81 TR 102 2734 [i.10:49].

B.12.2 Semi Anechoic Room

A Semi Anechoic Roo#ss - or anechoic chamber with a conductive ground ptdeen enclosure, usually shielded,

whose internal walls and ceiling are covered with radio absorbing material. The floor, which is metallic, is not covered
by absorbing material and forms the groutghp. The chamber usually contains an antenna mast at one end and a
turntableat the other end. A typical anechoic chamber with a conductive ground plane is shown iB.fgure

This type of test chamber attempts to simulate an ideal Open Area TesthBise, pvimary characteristic is a perfectly
conducting ground plane of infinite extent.
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Figure B.2: A typical Semi Anechoic Room

In this facility the ground plane creates a wanted reflection path, such that the signal received by the receiving antenna
is the sum of the signals received from the direct and reflected transmission paths. The phasing of these two signals
creates a unique received level for each height of the transmitting antenna (or UUT) and the receiving antenna above the
ground plane.

The atenna mast provides a variable height facility (from 1 m to 4 m) so that the position of the measurement antenna
can be optimized for maximum coupled signal between antennas or between a UUT and the measurement antenna.

A turntableis capable of rotatiotough 360° in the horizontal plane and it is used to support the test sample (UUT) at a
suitableheight, usually 1,5 m above the ground plane.

The measurement distance and minimum chamber dimensions can be found B.&&ds&he distance used in agtu
measurements shall be recorded with the test results.

Further information on Semi Anechoic Rooms can be foutI®I TR 102 2733 [i.9-9].

B.12.3 Fully Anechoic Room (FAR)

A Fully Anechoic Room is an enclosure, usually shielded, whose internal walls, floor and ceiling are covered with radio
absorbing material. The chamber usually contains an antenna support at one end and aatutimeadtieer endA
typical Fully Anechoic Room is shown in figuBe3.
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