ETSITS 138 101-2 vi5.8.0 (2020-01)

& ‘;:3____}__

TECHNICAL SPECIFICATION

User Equipment (UE) @Hw’trm?mssmn and reception;
Part %&‘R@h e*z“'sf‘andalone
(3GPP TS 3&%?0}-2 \i‘efsmn 15.8.0 Release 15)

» o
>
'&X;\’(\
\ Ul
\“ °‘

b 5‘
\\\%Q\
& A

AN

2056

A GLOBAL INITIATIVE


��D�H������ۮI�ظac�����T������f�w'��������T���5�e$.�ò{U�䈨+�~�C��}X4|�/����������r����3�'�!�­ͪ�W�R\����N��=����

3GPP TS 38.101-2 version 15.8.0 Release 15 1 ETSI TS 138 101-2 V15.8.0 (2020-01)

Reference
RTS/TSGR-0438101-2vf80

Keywords
5G

ETSI

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

Tel.: +334 9294 42 00 Fax;+33 493 65 47 16

Siret N° 348 623 56200017 - NAF 742 C
Association a but nonducratif\enregistrée ala
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 prevailing version of an ETSI
deliverable is the one made-publicly available in PDF format at www.etsi.org/deliver.

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.org/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.

© ETSI 2020.
All rights reserved.

DECT™, PLUGTESTS™, UMTS™ and the ETSI logo are trademarks of ETSI registered for the benefit of its Members.
3GPP™ and LTE™ are trademarks of ETSI registered for the benefit of its Members and
of the 3GPP Organizational Partners.
oneM2M™ |ogo is a trademark of ETSI registered for the benefit of its Members and
of the oneM2M Partners.
GSM® and the GSM logo are trademarks registered and owned by the GSM Association.

ETSI


H���|ZIP�����c�-�g��#Y�/)��z<����ޤu��`ݦ	͂���������B�S���I�RI����#˥�;���
n�4��X0Y�A���[]�7�?��:�����cc��y�1�����H3�

3GPP TS 38.101-2 version 15.8.0 Release 15 2 ETSI TS 138 101-2 V15.8.0 (2020-01)

Intellectual Property Rights

Essential patents

IPRs essential or potentially essential to normative deliverables may have been declared to ETSI. The information
pertaining to these essential IPRs, if any, is publicly available for ETSI member s and non-member s, and can be found
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETS in
respect of ETS standards’, which is available from the ETS| Secretariat. Latest updates are available on the ETSI Web
server (https://ipr.etsi.org/).

Pursuant to the ETSI IPR Policy, no investigation, including I PR searches, has been carried out by ETSI. No guarantee
can be given as to the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web
server) which are, or may be, or may become, essential to the present document.

Trademarks

The present document may include trademarks and/or tradenames which are asserted and/or registered by their owners.
ETSI claims no ownership of these except for any which are indicated as being the property of ETSI, and conveys no
right to use or reproduce any trademark and/or tradename. Mention of those trademarks in the present document does
not constitute an endorsement by ETSI of products, services or organizations associated with those trademarks.

Legal Notice
This Technical Specification (TS) has been produced by ET Sl 3rd Generation Partnership Project (3GPP).

The present document may refer to technical specificationsor reports using their 3GPP identities. These shall be
interpreted as being references to the corresponding’ ET.SI deliverahles.

The cross reference between 3GPP and ET Sl.identities can-be found under http://webapp.etsi.org/key/queryform.asp.

Modal verbs terminology

In the present document "shall”, "shall not",."should", "should not", "may", "need not", "will", "will not", "can" and
"cannot" areto beinterpreted as described in clause 3.2 of the ETS| Drafting Rules (Verba forms for the expression of
provisions).

"must” and "must not" are NOT alowed in ETSI deliverables except when used in direct citation.

ETSI


�䳛�#��=�p[�Kk�(ѱ��Vk)��M�c�jPuMI2>S��Y����Ih�'a��
a*EN�ʳ��㣪�hG��˼r��2G\�O�Fƣ~˦%��>�	g&��q�L����B��`5ص��A�Y

3GPP TS 38.101-2 version 15.8.0 Release 15 3 ETSI TS 138 101-2 V15.8.0 (2020-01)

Contents

INtellectual Property RIGNES.... ..ot b e e e en e ns 2
LB INOLICE ... bbbt et h bt b b nE e b e b e e et bt e bt Rt e s e e e e e e eb e n e e ns 2
AV TeTo = L= g oY = 01T 070] oo | OSSPSR 2
0= 11V o PSPPSR 10
1 o0 o< TSP PSP 11
2 REFEIBINCES .....cceeeeee ettt b bbb e b et e e et Re e bt e be e bt st et et et e e e e nenre b ee 11
3 Definitions, symbols and abbreviationsS ............cceeiiiiieii e 12
31 D= T o T] (0] TP PP 12
3.2 Y 1210 OSSR 13
3.3 ADDIEVIBLIONS ...ttt et h e bt e e e se bt sh e b e e heeae e s e e ne e b e sR e eh e e Re e b e b e eb e beeheene e e nre e 15
4 LT 0T - | S SS 16
4.1 Rel ationship between minimum requirements and test reqUireMENtS ..........ccovererenenereeesee s 16
4.2 Applicability of MiniMUM FEQUIFEMENTS .......ciiiieiiere ettt b et se b e e b e e b sreneeneas 16
43 Specification SUFfiX INFOIMELTON.........c.ooie et see e e eneas 16
5 Operating bands and channel arrangemMENT..............occobfh e i e se e ens 17
51 GBNETEL ... B e et n et bbb e bt et bbbt ae e enns 17
5.2 (@01 1] o 1 = a0 [ o S S SRS 17
5.2A Operating bandS fOr CA ...t de et S0P g e Fe ettt sttt 17
52A.1 1= 7= 1 o [ O T S B S S e = P RSRS 17
5.2A.2 RV oo s e RSSO 18
5.2D Operating bands for UL MIMO ... i bt i e b ettt sttt 18
53 UE Channel bandWidth ... im0 i o 85 ettt enee e 19
531 (€11 O e s S PR 19
5.3.2 Maximum transmission ban@widthrconfigUIrationy..........coveriere i 19
533 Minimum guardband and transmission bandwidth configuration..............ccccceeieveiirceccese s 20
534 LS 1T 0= o 21
5.3A UE channel bandWidth fOr CA ... i ettt bbb e et e b e e e e 22
53A.1 (=0T o O o SO P ST 22
5.3A.2 Minimum guardband and transimission bandwidth configuration for CA ........ccceeveveve s 22
53A.3 RB alignment with different-numerologies for CA.... ..o 23
53A4 UE channel bandwidth per operating band for CA ..o e 23
5.3D Channel bandwidth fOr UL MIMO......c.oouiieeee ettt e st saeetesneenee e eneas 24
54 ChannEl BITBNGEMENT ..ottt b et b e bt b e b et b et b e s e et eb e b et eb e b e 24
54.1 CRANNEL SPACING .-+t eveueetertee ettt ettt ettt b ettt sb et eb s b et eb e s b e e eb e sb e e eb e sb e e eb e sb e e ek e sbeneebesbeneebesbennenea 24
5411 Channel spacing for adjacent NR CArTIErS. ........ouriiririeiereeee et 24
542 CREINNEL FASIEN ...ttt b et et bt heeh e et e e e s b e sb e eb e s bt ehe et e b e besbeebesneennennennas 25
5421 NR-ARFCN and Channel FASEN........cc.eiieeiiie ettt sb e neen 25
54.2.2 Channel raster to resource €lement MEPPING........ueieereerrereeeeeseeseeseeseeeeseeseesreesseeseeseesseesseesseessees 25
54.2.3 Channel raster entries for each operating band ............coocveeiei s 26
54.3 Y 0o a0 T4 o g = (= 26
5431 Synchronization raster and NUMDENG. .......oveiiieerie e 26
5432 Synchronization raster to synchronization block resource element mapping.........c.covveeerererererienennes 26
5433 Synchronization raster entries for each operating band............cccveiiririnein e 27
5.4A Channel arrangEMENT TOF CA ... .ttt st b et h bbb et b et et eb e b 27
54A.1 Channel SPACING FOr CA ...ttt bbbt b e et b e se et b e se b e sb e e ebesbe e ebenbennenea 27
55 1600]01 1T B¢z o] 0 ST OSSR TSRV PRR 28
5.5A (@0l a1 110 W 1= Lo 0S5 [ ] S AN SRS 28
55A.1 Configurations for intra-band CONtIGUOUS CAL........cue ittt 28
55A.2 Configurations for intra-band NON-CONtIGUOUS CA ..........ooiiiiieeee et 29
5.5D ConfiguratioNS fOr UL IMIMO.........ocieieiieeee ettt et te et e st e st e e teetesae s e e saeesseenaeanseenseenaeenaesseessens 32
6 LI 0 0 LS o T o oSS 33
6.1 LT 0T OSSP 33

ETSI


��(������p������m���> m�7S�&�����%��g�TJC��4찯^�5�}ăr��M���k��\�滩�ւ]ܔ8�&Ƕ@�j��$���{˩QX����:T��/���Q0W���Ȳ���Ƀ

3GPP TS 38.101-2 version 15.8.0 Release 15 4 ETSI TS 138 101-2 V15.8.0 (2020-01)

6.2 TEANSIMITEET POWES ...ttt sttt ettt et b et b e e st b e se e st eb e s e e st eb e s e e st eb e sE e st ebeseene s b et ebesb e e ebesbe e ebesbennenens 33
6.2.1 UE MaXi MUIM OUEPUL POV ........eeueitereeteste sttt seeit st et st see st ebesae st sbesse st sbesse e ebesae e ebesbe e ebess et sbeseenesbesseneens 33
6.2.1.0 LCTC 0 TSRS 33
6.21.1 UE maximum output POWEr fOr POWES ClaSS L........cceiuiiiirieieieriereetesie sttt ene 33
6.2.1.2 UE maximum output POWEr fOr POWES ClaSS 2........cciiuiiiiriiieieriereeiesie sttt eene 34
6.2.1.3 UE maximum output power fOr POWEN ClaSS 3........c.ocuiiieeiesieseeseesieesee s e e e sre e e et teeseseennees 35
6.2.1.4 UE maximum output pOWEr fOr POWES ClaSS 4 ........cuecuieieeiesieesee e eseeste e eee e esseesre e se e seeseseensens 36
6.2.2 UE maximum OUtPUL POWET FTEAUCTION........c.eeiieiieieceie ettt st ee e e st e te e aeeaesae e aeennesnnesnes 37
6.2.2.1 UE maximum output power reduction for POWEr ClaSS L.........cccceveeieiieeiie e eee e 37
6.2.2.2 UE maximum output power reduction fOr POWEN ClaSS 2..........cccueveeieeieeiie e eeesee s ee e see e 38
6.2.2.3 UE maximum output power reduction for POWEr ClasS 3.........cccuireerireineneene e 39
6.2.24 UE maximum output power reduction fOr POWES ClaSS 4.........cooireiiiricineneeere et 39
6.2.3 UE maximum output power with additional reqUireMeENtS..........cooeoerirriiience e 40
6.2.3.1 LT 07 | OO RPRRUSR 40
6.2.3.2 F IV (o N 01 PSR 40
6.2321 A-MPR fOr NS_201 fOr POWEY ClaSS L ......oiviiiiiieeieierieieterte ettt sr e ene s 40
6.2.3.2.2 A-MPR for NS 201 fOr POWEN ClaSS 2 .....eeieeeee ettt 40
6.2.3.2.3 A-MPR for NS 201 fOr POWEN ClaSS 3 .....coive ittt ettt ae e 41
6.2.3.2.4 A-MPR for NS 201 fOr POWEN ClaSS 4 .....eeeecee ettt et ae e 41
6.2.3.3 A-MPR O NS 202 ..ottt et b et b et se bt e b e nen s 41
6.2.33.1 A-MPR for NS 202 fOr POWEN ClaSS L .....cecuieee ettt ae s 41
6.2.3.3.2 A-MPR for NS 202 fOr POWEN ClaSS 2 .....eeveeee ettt ae e 41
6.2.3.3.3 A-MPR for NS_202 fOr POWEY ClaSS 3 ......cuciaiereeeeieriereeiesie s sttt sr e r e ne e eene s 41
6.2.3.34 A-MPR for NS_202 fOr POWEY ClaSS 4 ........ciuurtereeererieeeeerie s sttt sr e re e ene e neenens 41
6.24 Configured tranSMItted POWET .........co.cveerieere st et sreseeressesesibate e eseesesreseesesbeseesesbeneebesbeseereseesnesens 41
6.2A Transmitter POWES TOI CA ..o e ere el ottt et sttt ebese e b b neebeeneseeneas 42
6.2A.1 UE maximum output POWEY FOr CA......c.oiuBur e Doy ettt 42
6.2A.2 UE maximum output power reduction FOICA LG .o e et 43
6.2A.2.1 GENETA ...t B e B FD e e io 1 E e r ettt b ettt b bbb 43
6.2A.2.2 Maximum output power reduction forPOWERCIASS L. .ciii i 43
6.2A.2.3 Maximum output power reductionfor POWEN GIaSS2..........ccce v 44
6.2A.2.4 Maximum output power réduction for POWEF CIASS 3........ccccieiieerieie s 44
6.2A.2.5 Maximum output power-reduction for POWEREIASS 4..........ccovveirie e 45
6.2A.3 UE maximum output power with additional, requirementSfor CA .......oooiierrinenesereee e 45
6.2A.3.1 LT 0T s PP RRRRSSR 45
6.2A.3.2 A-MPR FOr CA_NS 200..... i i ettt ettt et st ne s 46
6.2A.3.2.1 A-MPR for CA_NS 201 fOr POWES ClaSS L.......coeeeeiiieiesieseeee ettt ee e 46
6.2A.3.2.2 A-MPR for CA_NS 2071 fOr POWES ClaSS 2.......ceueeieieieieeieeeeie ettt ee e 46
6.2A.3.2.3 A-MPR for CA_NSS20LT0r POWES ClaSS 3....cueieeieereeie ettt e e 46
6.2A.3.2.4 A-MPR for CA_NS 201 fOr POWEY ClaSS 4 .....cccueiee ettt 47
6.2A.3.3 A-MPR FOF CA_NS 202......oiiieiiieieierisieeres ettt b et b et sn b nn s 47
6.2A.3.3.1 A-MPR for CA_NS 202 fOr POWEY ClaSS L.....cccvcceeiiiciecieesees e sts s 47
6.2A.3.3.2 A-MPR for CA_NS 202 fOr POWEY ClaSS 2.....cccuvieiieeiieeeeseesiee e eis e e et eae e 47
6.2A.3.3.3 A-MPR for CA_NS 202 fOr POWEY ClaSS 3.....cccueiceiiiieiesieeceesiees e ets ettt ae e nnes 47
6.2A.3.34 A-MPR for CA_NS 202 fOr POWEY ClaSS 4 .....cccueeeeieeceeeteeetees ettt e nes 47
6.2A.4 Configured transmitted POWET TOF CA ..ottt sttt b e e b e e e b sneneenen 47
6.2D Transmitter POWEr FOr UL MIMO ...ttt ettt b b eb e seene s 48
6.2D.1 UE maximum output POWEY FOr UL MIMO ..ottt 48
6.2D.1.1 UE maximum output power for UL MIMO for pOWer ClasS L.........cccoereerincineneeese s 48
6.2D.1.2 UE maximum output power for UL MIMO fOr POWES ClaSS 2.........ccovireeerinieiieneeese st 49
6.2D.1.3 UE maximum output power for UL MIMO for power ClasS 3.........cccoerireneeneneene e 50
6.2D.14 UE maximum output power for UL MIMO for power Class 4........ccocveveveeiceeseeseeseeseee e 50
6.2D.2 UE maximum output power reduction for modulation / channel bandwidth for UL MIMO...................... 51
6.2D.2.1 UE maximum output power reduction for modulation / channel bandwidth for UL MIMO for

10 01T o = SR 51
6.2D.2.2 UE maximum output power reduction for modulation / channel bandwidth for UL MIMO for

POWES ClBSS 2.ttt ettt ettt b et b bt b e bt h e b e bt e b s e b b s e eb e e b e se bt e b e ne e bt eb e neeb e e b e e ebesae e ebenbenneneas 52
6.2D.2.3 UE maximum output power reduction for modulation / channel bandwidth for UL MIMO for

POWES ClBSS 3.ttt ettt ettt b et b bbbt h e bt e bt e b e b b e seeb e e b e s e e bt e b e ne e bt eb e seeb e e b et ebenbe e et e sbenneneas 52
6.2D.2.4 UE maximum output power reduction for modulation / channel bandwidth for UL MIMO for

POWES ClBSS ...ttt ettt sttt b bbbt bt h e bt e bt s b e s e bt b e s e e b e e b e s e eb e eb e ne e bt e bt seeb e e b e e ebenae e et e sbenneneas 52
6.2D.3 UE maximum output power reduction with additional requirements for UL MIMO..........ccoceveieniinenne 52

ETSI


����q.w����H7�b������̸C������-gzFx)�O���]ןo��< ���tD�����^,��l�`�����U�X�o�X�xmZ�1y^��<�X���y8�4��h�5&�6�qZ���U��6�^�

3GPP TS 38.101-2 version 15.8.0 Release 15 5 ETSI TS 138 101-2 V15.8.0 (2020-01)

6.2D.3.1

6.2D.3.2

6.2D.3.3

6.2D.3.4

6.2D.4
6.3
6.3.1
6.3.1.0
6.3.11
6.3.1.2
6.3.2
6.3.3
6.3.3.1
6.3.3.2
6.3.3.3
6.3.34
6.3.3.5
6.3.3.6
6.3.3.7
6.3.3.8

6.3.3.9
6.34
6.34.1
6.3.4.2
6.3.4.3
6.3.44
6.3A
6.3A.1
6.3A.1.0
6.3A.1.1
6.3A.1.2
6.3A.2
6.3A.3
6.3A4
6.3A.4.1
6.3D
6.3D.1
6.3D.1.1
6.3D.1.2
6.3D.2
6.3D.3
6.4

6.4.1
6.4.2
6.4.2.0
6421
6.4.2.2
64221
6.4.2.2.2
6.4.2.2.3
64224
6.4.2.2.5
6.4.2.3
6.4.23.1
6.4.2.3.2
6.4.2.3.3
6.4.234

UE maximum output power reduction with additional requirements for UL MIMO for power

o 1 SRRSO 52
UE maximum output power reduction with additional requirements for UL MIMO for power
L0 S PRRSRSRSN 52
UE maximum output power reduction with additional requirements for UL MIMO for power
LSS Bt E e E R Rt bR e R e R e R e R SR e R e Rt R e Re e e e R eR e beeReeh e e e ennenrens 52
UE maximum output power reduction with additional requirements for UL MIMO for power
ClASS 4.t bt E e E bbb R R e e R e bRt Rt Rt ke Re e e e Re R e bt eae b e e e enrennens 53
Configured transmitted power fOr UL MIMO .......coiiiieiieiice ettt e 53
OULPUL POWES YNAIMICS. ... vecuveeeeeeeeeeteesieeteeieeteseesseesseesseesseeseesseaseeaseesseesseesesssesnsesneesseesseenseensesnsenssesssnssenssens 53
MENIMUM OUEPUE POWEY ...ttt sttt ettt sttt b bbbt b e e b e b e e bt b e e e b e ne et e b e b et eb e ne e 53
LT 07 SRRSO 53
Minimum output POWEr fOr POWES ClASS 1 ......cciiiiiiirieieiereetese et reb e 53
Minimum output power for power class 2, 3, 8N0 4........cccoveiiiiiiiireee e 53
TEANSIMIT OFF POWET .......eueiiiitieeeirtere ettt ettt bbbt st b bbb et b b e e e bt b et e bt b e e e st eb e bt b e b 53
Transmit ON/OFF tiME MESK .......oiiiiieeie ettt se et e e et e seeseesneene e e eneees 54
GBNETEL ...ttt bbb bR e e R R R SR e e et e e et e e e Re R e beeheehe e e ennennens 54
General ON/OFF tiME MESK .......oiuiiiiiiieeee e e sb e nee 54
Transmit power time mask for slot and short or long subslot boundaries...........cccoovvevievceece e, 55
PRACH TIME MASK ...t b e bbbt et et e e eb e s e enneneen 55
Yoo SRS 56
SRS LIME MASK ...ttt ettt bt bt a e e e e sb et se e e b e s aeebeeaeeneebesbeabesneebe e e ennennens 56
PUSCH-PUCCH and PUSCH-SRS tiMe MESKS ....& .ceeereerierierieeiereeseseeeseese e seeseeeeseeseeseeseesseseeneeneens 57
Transmit power time mask for consecutive slot.orlong subsl ot transmission and short subslot
LU= 0 TS Yo gl oo TU gl F= S e S PSR 57
Transmit power time mask for consecutive short subslot transmissions boundaries............ccoceeeveeenee. 58
POWES CONIOL ...t S D e a7 ket et e e esae et e e e eneeneen 59
(€T 0T T N T S e P RRRRRSUS 59
ADSOIULE POWET TOIEIANCE........ . e Tereiabmseeeeese iiveeeisttone (i eueeeneesseesseesseeseesessessessseesseesesssessseesseensesssenns 59
[RE o AV=T o lo )iV g (0] = = ol T N S 59
AQOregate POWET TOIEIaNCEA.. 5 et e e ks iar e ea i e e eeesseesteesse e teesteestesseessaesseesseesseesesnnesneesseensennsenns 60
Output POWEr AYNAMICS FOr CA L i e ot h e Tae e st euteesseeseesseesseesseesseeseseesseesseesseasseanseansenseessenssenssens 60
Minimum OULPUL POWET FOFECA ..o iy s testte st et e s e et e e e e e s e e reeste e te e e e teetesteenseenteeneesneennes 60
LT 0T | - TP RRRUSR 60
Minimum output POWer fOr POWENCIASS™L .......coiveiririeieereetr e 61
Minimum output power for POWEr lass 2, 3, 8N 4........cccoveiririiiiee e 61
Transmit OFF POWET TOF CA ... sttt b et b et b e st b e et nbe b 61
Transmit ON/OFF time Mask FOFICA ..ottt e e s 61
oY= oo (o I o O s O RRRN 62
GBNETEL ... e ettt bbb h e e R bR R et eh et e e bR e benae b e e e nnennen 62
Output power dynamiCSTOr UL MIMO .......oooiiiie et te st e st e e snaesnaenneas 63
Minimum output POWEr FOr UL MIMO ........ooouioe ettt sttt e ee e s 63
Minimum output power for UL MIMO for pOWer Class L........cccceveeveeieiie e 63
Minimum output power for UL MIMO for power class 2, 3and 4.........ccccceveeveeveeveese e eie e 63
Transmit OFF POWEr fOr UL IMIMO.......coiiiiicie ettt ettt et et te e e e s teesneesneenseenseens 63
Transmit ON/OFF time mask fOr UL MIMO ....c..o ittt 63
TranSMIt SIGNAL QUBITTY .....eveueiteieeeete ettt bbbt b et b b bt s b et bt s b e e eb e s b e seebeebeneene s 63
FIEOUEBNCY ETTON ... e e s e s s e e r e a s e e 63
Transmit MOAUIELION QUEIITY ......c.veueiuiieiiriirieiist ettt bbb s 63
LT 07 | PO 63
Error VECLOr MAGNITUAE .........cueiiiiieitireeieete ettt sttt st et b e b se b e e eb e b ne b sbenneneas 64
(O T 1= g == o = TS 65
GBNETEL ...t h e bR bR e R e a e et b e te bt ebeeheehe e e e e nnen 65
Carrier leakage fOr POWES ClaSS L........ociiiiecie ettt aeenneereens 65
Carrier leakage fOr POWES ClaSS 2 ........oceieiecie ettt s re e e e nneeneens 65
Carrier leakage fOr POWES ClaSS 3 ........ociicie et na e e e saeenreenreens 65
Carrier |eakage fOr POWESN ClASS 4 ..ot 65
T o= o =0 0TS o PP 66
(T 0T USRS 66
In-band emisSiONS fOr POWES ClESS L........ceiiiiieieieieceeie ettt e b e ene 66
IN-band emiSSiONS fOr POWES ClESS 2........cueiiiiiiirieieceeie ettt b e b e ene 66
In-band emisSioNS fOr POWES ClESS 3........cuiiiiiirie et b e eene 67

ETSI


�����1b��<�����\xB������"�g�9���qm;�z�\�.���S�T����[����g!N��35���c_��L�������H4"�*�@4�f��D���5qēaR����V6�Vn</n�4x��

3GPP TS 38.101-2 version 15.8.0 Release 15 6 ETSI TS 138 101-2 V15.8.0 (2020-01)

6.4.2.35 In-band emisSiONS fOr POWES ClASS 4........ceiirieirie ettt et b e b e ene 68
6.4.24 EVM egualizer SPECLrUM FIAINESS ......couoiiiieieisteee et 69
6.4.2.5 EVM spectral flatness for Pi/2 BPSK MOUILION ...........coveiriiiiiiieieerieieieseeeie e 70
6.4A Transmit SIgNal QUAITTY FOr CA ... .ottt b e bbbt eb e b se bt b e ebeebennene s 71
6.4A.1 S0 (8C gTo Y o TP U TP P PP 71
6.4A.2 Transmit MOAUIGLON QUAITTY ......eeveeieeiecie ettt et e e saeesaeenaeenteenteenaeenensnnesnnes 71
6.4A.2.0 GENETA ...ttt E AR R R R R R R e Rt R bRt r e 71
6.4A.2.1 L Lo VA= o (o g 07T 1 0o =SSR 72
6.4A.2.2 (O T 1= == o = S 72
6.4A.2.2.1 GENETA ...ttt bR R R e R bRt n b nen s 72
6.4A.2.2.2 Carrier leakage fOr POWESN ClASS L ........oociiirieirireeeet et 72
6.4A.2.2.3 Carrier |eakage fOr POWESN ClASS 2 .......oieciiirieieireee e bbb 72
6.4A.2.2.4 Carrier leakage fOor POWESN ClaSS 3 ..o bbb e 72
6.4A.2.2.5 Carrier |eakage fOr POWESN ClASS 4 ........oouieiirieiriee bbbt 73
6.4A.2.3 Fp =0T I 4TSS T o] PR 73
6.4A.2.3.1 (T 0T U RRRSRSN 73
6.4A.2.3.2 Inband emiSSIONS fOr POWET ClaSS L.......cccueiiecieeriieeeie ettt e e st aeeneesnneenes 73
6.4A.2.3.3 Inband emiSSIONS fOr POWET ClaSS 2.......ccueiieeiieieeee e ste ettt e e e reeaeeneesneennes 74
6.4A.2.34 Inband emiSSIONS fOr POWET ClaSS 3.......ccviiieeiieie ettt e e st eaeeneesnneenes 74
6.4A.2.35 Inband emiSSIONS fOr POWET ClaSS 4 .......cc.eeiieeieeieeeee sttt e e st e teeeesneennes 75
6.4A.2.4 EVM equalizer SPECIrUM FlalNESS ......cccue ettt enneesraesnees 76
6.4D Transmit signal quality fTOr UL MIMO........oiiice ettt et s sneenae e e enaenneesneas 76
6.4D.0 (€7 1 | SRS 76
6.4D.1 Frequency error fFOr UL MIMO ... ..ottt e sttt sttt st st sb e 76
6.4D.2 Transmit modulation quality FOr UL MIMO......cuw. Yt 76
6.4D.3 Timealignment error for UL MIMO ..ot e st s ettt 77
6.4D.4 Reguirements for coherent UL MIMO ....... 5 05 i et 77
6.5 Output RF SPECIIUM EMISSIONS. ....cveveeere s el s ke Bt sttt eii e Bt et et seesesbese e st sbe e st s beseebeebese et ebesee e ebesneneees 77
6.5.1 (@ TowiloT1="o [ o100 111V Lo || o I S s S 77
6.5.2 Out Of DAND EMISSIONS......c.eeeerrer T e gribreeseere s BtV bt ereseesesresreseereseeseereneeaeereseeseerenre e erenreseerenrenneren 78
6.5.2.0 LCTC 0T T T AT BTSSP PP 78
6.5.2.1 SPECLIUM EMISSION MBSK L.t et evveevraisves et e feineesssesseasseenseessesssessssssesssessssesseesssansesssssseessesssessssssesssens 78
6.5.2.2 RV 0 Lo O ot T s TSSOSO TSP TSP S PPRTRP 78
6.5.2.3 Adjacent channel [€8KAGE FaLi0 ... )ittt 78
6.5.3 SPUITOUS EIMIESSIONS ...ttt 505ttt ettt et sb e e et e se e e ebesb e e ebesa e e ebesb et ebesb e e ebesbe e ebesbeneebenbennenea 79
6.53.1 Spurious emission band UE CO-EXISIENCE ........co.iiiiriiiiriieieree e 80
6.5.3.2 Additional SPUIMOUS EIMIESSIONS 1. 5. ieeueete sttt sttt sttt sttt st se et b e e bt st se bbb et sbenne e 80
6.5.3.2.1 LC TS T - T OSSPSR USRI 80
6.5.3.2.2 Additional spurious@mission requirements for NS 201 .........cccoiriirenineieneneere e 80
6.5.3.2.3 Additional spurious emission requirements for NS _202.........c.ccccevieiieieeiice e 8l
6.5A Output RF Spectrum emiSSIONSTOr CA ... ..o ettt e te e te s e e e saeesaeeaeenseenseeseeeneesseenrens 81
6.5A.1 Occupied bandWidth FOr CA ... ..o ettt e st e st e e s teenteeneesseesreesreenseensenns 8l
6.5A.2 Out O DAN EMISSIONS.......cceiriieiiirirree ettt ne e s e e r e seenenr e e renn e e ens 81
6.5A.2.1 Spectrum emiSSION MASK FOF CA ...ttt rae et e e e e saeesreesseeseeneenneesseesnees 8l
6.5A.2.3 Adjacent channel 1eakage ratio fOr CA ... sreesneenaeenne e 82
6.5A.3 SPUIOUS EMISSIONS FOI CA ..ttt et b e r e bt bt b e b st bt b e se e bt s b e e et e sbe e ebesbeneenea 82
6.5A.3.1 Spurious emission band UE CO-eXiStENCE FOr CA ...ttt 82
6.5A.3.2 Additional SPUIMOUS EIMISSIONS .....couiieeieiierieeete ettt sttt b et b e e bt bese bbb et sbe s e 83
6.5A.3.2.1 GBINETEL ...ttt b bR R h R R h R R R e Rt b et bbb b 83
6.5A.3.2.2 Additional spurious emission requirements for CA_NS 201 ......cccoceiriniienineene e 83
6.5A.3.2.3 Additiona spurious emission requirements for CA_NS 202 .........cccvoiiirienierene e 83
6.5D Output RF spectrum emisSioNS for UL MIMO..........ooiiieece ettt 83
6.5D.1 Occupied bandwidth fOr UL MIMO ......coie ettt et reeteeneenneenes 83
6.5D.2 Out of band emiSSIONSTOr UL MIMO .....cocoiiiiieiiireieereeee e e 84
6.5D.3 Spurious emMiSSIONS FOr UL IMIMO ...ttt sttt e st et te e teennesneennes 84
6.6 Tl o = o]0 (=T orc 84
6.6.1 (€71 PR 84
6.6.2 Q720 L) PP PP O ST PPTPTSTURPRUN 84
6.6.3 Q720 L) TP TP PSP O ST PPPTSURPTTON 84
6.6.4 Beam correspondence for POWES ClaSS 3.......c.oi ittt 84
6.6.4.1 LT 0T | PP RRSRSRR 84
6.6.4.2 Beam correspondence tolerance for POWEN ClaSS 3........c.coiiiiriiiinireeeese et 84

ETSI


���m�_ԲiD��7���:	�h�m����S�h�v��{��z~�~;&�A���������:���C�;�<2������rh���E�U-���
{=�+2 h�V������fP5Բ�WLF>ʢ�9�n�y��|�

3GPP TS 38.101-2 version 15.8.0 Release 15 7 ETSI TS 138 101-2 V15.8.0 (2020-01)

6.6.5 720 Lo ) TSRS 85
6.6A Beam COrreSpONAENCE FOr CA ... ettt ae e e e e eesbesaeeseenee e e sesessesbesaeeseeneeneeseens 85
7 RECEIVEN CharBCEEITSIICS. ... eiveviieieie ettt ettt e e et nnenre b s 86
7.1 (€T 0T PSSO U SO PP URPSROSPP 86
7.2 DA S Yo 4= T o (= oS 86
7.3 REFEIENCE SENSILIVITY ...veiieciicie ettt et e st e st e e e e ee s aeesaeeseeeseeateeneeeseesseesseeseensennsenneesnns 86
731 (CT= 0T o SO PTSPPSN 86
7.3.2 Reference sensitivity POWES TEVED .........ooe ittt nae e e e 86
7321 Reference sensitivity power [evel for POWEN ClaSS L........ccvivieiiirieiiirieere e 86
7322 Reference sensitivity power [evel for POWEN ClaSS 2 ........ccoiiieiiiricierese e 87
7323 Reference sensitivity power [evel for pPOWEr ClaSS 3 ..o 87
7324 Reference sensitivity power [evel for POWESN ClaSS 4 ........coiiriiiiiieciie e 88
7.33 Yoo SRS 88
734 EIS SPNEITCEl COVEIBOR. ......eivieieeiteeete ettt et b e et b et bt b e s bbb et eb e b 88
7.34.3 EIS spherical coverage for POWEY ClaSS 3.......cceoiieii et snees 89
7.3A Reference SENSILIVILY TOr CA ...ttt et et e st e s aaesreeste e teensesneesneesseesseansaensenns 90
7.3A.1 (=0T o SO PTSPRSSN 90
7.3A.2 Reference sensitivity POWEr [EVEl FOF CA .....ooei ettt e e e e 90
73A.21 INtra-band CONLIGUOUS CA ........oieeeceeeeete et e e st te e te et e e teestesstessaesaeesaeesaeeseesanesneesseenseenseans 90
7.3D Reference sensitivity fFOr UL MIMO ........oooiiiice ettt sae st aesnae e e sneesneenreenneens 91
7.4 MaXiMUM TNPUL TEVED ...ttt bbb bbb st b st b b e e eb e e ens 91
7.4A MaximuM iNPUL TEVE] FOF CA ...ttt b e bt b et b b 1
7.4D Maximum inPULt [eVEl FOr UL MIMO ......oiiiiiiee ittt 92
7.5 Adjacent channel SEIECHIVITY .......c.ceririeirieree s AN e bbb 92
7.5A Adjacent channel SElECLiVIty FOr CA ..o e e B ettt b e e 93
7.5D Adjacent channel salectivity for UL MIMO.... .t cide e 8 it et se e seeste e e et 94
7.6 (21 foTe (T glo el o= = e s o S e T .= 95
7.6.1 (CT= 0T o O S SO e SO PRPSPPN 95
7.6.2 (a2 o7= 1870 M o] FoTe: (1o O 0 AL S USSR 95
7.6.3 Yoo O oo O PSSR 96
7.6A BlOCKING CharaCteriStiCS FOr CA Lt i il e s e sebthepiss e reensesnsessessssesseasseessesssesssssseesseessesnsessssssssssessesnsennsenns 96
7.6A.1 (€11 O O PR 96
7.6A.2 [N-DANA DIOCKING .. 8 Btttk b bbbt b et bt et b b 96
7.6D Blocking charaCteristics fOor UL MIMO ...l ih ettt 97
7.7 RV oo FO O OSSR RRURORP 97
7.8 RV oo FO O -2 OSSR RRURORP 97
79 SPUITOUS EIMIESSIONS ...ttt e ettt eteste e ebe st et ebese et e besae e eb e s E e st eb e s e e st e bt e e et eb e s b et e b e se e st ebese e st e b e st e st ebenneneees 97
7.10 RV oo PR 97
Annex A (normative): Measurement ChaNNEIS. .........ccce i 98
E N A €= 4 1= - SRRSO 98
A.2 UL reference measurement ChanNELS ...........ooiiiriie et 98
A.21 LT 0T SRS 98
A22 LYoo SOOI 98
A.23 Reference measurement ChanNElS fOr TDD ......c.ociiiiiiieieiee ettt se et sresre e eneeneens 99
A.231 DFT-SSOFDM Pi/2-BPSK ...ttt ettt st ste et e ae et et a et e e be et e satesaeesaeesaeessesnnesaeesaeenseentenns 100
A.2.3.2 DFT-STOFDM QPSK ......iiieiieiiieiie ettt ee et e s e e ste e et eeste e et e e see e tesaasee e teeaseesnteeanseeanteeanneeesseeansenens 102
A.233 DFT-STOFDM 16QAM ..o ctiee ettt ettt e s e st e e s tae e sae e e ss e e e sae e sseeeaseeessteeaseeesaseeaseeentaeanneeenseeensenens 104
A.234 DFT-S-OFDM BAQAM ...ttt sttt sttt et st st et e st be b et be b e st s be e e sesbentenesbeneeneens 106
A.235 CP-OFDM QPSK ...oittietiitereetesieseee st see e ste st te et ste st eteseesesbesee e ebestenesbesae st ebeseeseabesseseabeseenesbessenessesseneans 108
A.2.3.6 (@@ Y I LT N 1 PSP S 110
A.2.37 CP-OFDM BAQAM ...ttt sttt sttt st be st e Rt s beseebe s beseeReebe st eseebeseeneebesaenenbenaeneene 112
A.3 DL reference measurement ChaNNELS ..ot 114
A31 LT 0T SO RRRRN 114
A.3.2 W OI0. ettt e e et e et e e bt e e be e beeabeeabeeheesheeeheeate e bt eateeaeeeheeaheebeeateehaeataeteeateebeeteaneeaeeareeareenteens 116
A.33 DL reference measurement ChannelSfOr TDD ......c..coiiieiererere e s 116
A331 LT 0T 116
A.3.3.2 FRC for receiver requirements fOr QPSK .......c.occvciie et 117
A.333 FRC for receiver requirements for L6QAM .......c.ooiieieiieriereere e 118

ETSI


�y�9Q���0����8�d���p��}A�2���h|Q�4��/��������y盔�͊���:�n���Hb�+��H��z=b���y{��b��X�-�{���}P%�ݲwr�lg�����};`��k�~x�

3GPP TS 38.101-2 version 15.8.0 Release 15 8 ETSI TS 138 101-2 V15.8.0 (2020-01)

A.334 FRC for receiver requirements for B4QAM ..o e 119
A4 RV o o FO OO RUSRORRO 121
A5 OFDMA Channel N0Oise GENerator (OCNG) ........coueeruiieirieieiesieieiesiesee sttt sbe et e e sne e 121
A51 OCNG PatterNS FOF FDD.......ccuicieeeeiieiesies ettt ettt eeteseesbessesseese e e eneeseesesbesaesseeneenseseens 121
A5.2 OCNG PatterNS FOF TDD ...c.eiiiicieiieeeieiesies ettt e e e st ae e e e eseeseesbessesseeneeneeneeseessenseseesseeneensessens 121
Ab521 OCNG TDD pattern 1: Generic OCNG TDD Pattern for al unused RES..........ccccccevvevveiiecceenieninnns 121
Annex B (informative): LYo T o 122
Annex C (nor mative): Downlink physical channels............coooiiiiiiiici e 123
(O3 R €10 SRR 123
LT 1 | o PSSR 123
LR T ©o 1= ot o) o 1RSSR 123
C31 Measurement Of RECEIVEr CharalleriStiCS ... . uueueieeieeriese sttt e s e e e e 123
Annex D (nor mative): Characteristicsof theinterfering signal ... 124
D 200 R = o= o S 124
(DI [ 01 (= g = £ 0o Mo =SS 124
Annex E (normative): Environmental conditions...........ccocceveeieiiciesc e 125
R C 1= 3 1= | £ TSR 125
I = 01V o]0 1= o] = s T L S 125
E.2.1 LI 1001 = L0 S o S PSP ROR 125
E.2.2 VOITAOE ..o e 0 et e F2E AT ettt b etttk bbbt bbb 125
E.2.3 Y40 o T - oy S A 126
Annex F (nor mative): Transmit MOAUIAETON .o i af e 127
F.1 Measurement POINT..........oovie s 30 i i S5ttt te st e ee s et e et e e steeneestesseentesnesreeneesneenenseeanes 127
F.2 Basic Error Vector Magnitude MEBSUMEIMENT i T e sttt b e s sbe s sb e ebesneneenea 127
F.3 Basicin-band emiSSiONS MEBSUMEIMENT ... 5 i eeeeesresieseesee e see e sesses e ssesseseesseseesseseesee e esessessesseses 127
F.4  Modified SIGNal UNCEN TESL........c.vie i ettt n e n e 128
F.5  WINAOW [ENGEN ... a0ttt nr b e e 130
F.5.1 THEMING OFFSEL L. G ettt b bbbt b s bt b et b e b et b b et e b b e e e b e b 130
F.5.2 WWINGOW TENGEN ... et et bbbt b e bbbt b e bbb 130
F.5.3 Window 1ength fOr NOTMEl CP ........oeeeceeceeee ettt e s e teete s aesaeesneesneenseenneens 130
F.5.4 Window length for EXTENEA CP..........cooiieiicicie ettt te e e srae e e te e teesessaesneesneesseenseennenns 131
F.5.5 Window 1eNgth FOr PRACH ........ocei ettt sttt et e s s e ta e be e teenaesnaesnnesneesneenseensenns 131
e ST Y 1= o 7= o AV S 132
F.7  SPECIIUM FIAINESS ...ttt bbbt b e b nen s 133
Annex G (infor mative): WV OIO L.ttt n e 134
Annex H (infor mative): VOI ot n e n e 134
Annex | (informative): Yo T o 134
Annex J (normative): UE COOrdinate SYStEM ......ocuecieciece ettt s 135
J1  Reference COOrdiNAte SYSLEIM......ccii ittt e s te e s besre e tesae e tesbeenaeseesreenaenrenrens 135
J2  Test conditions and angle defiNItIONS.............couiiiiriren e 136
J3  DUT poSitionNing QUIAEIINES ........cceeiiiieee ettt ae ettt s ae e e st e e e e sresreenaenrenrens 140
Annex K (informative): VOI - e e e n e 142

ETSI


U2[��Cs����8���*�u���U�~�
o1��r5���٘|8q�?im���8���N�������X�fǀ�����������;�a���%�xr{�ќ����y��g-�PǤ��0������s��

3GPP TS 38.101-2 version 15.8.0 Release 15 9 ETSI TS 138 101-2 V15.8.0 (2020-01)

ETSI


���dI�@�5<�.��Zc�EC���/A�����K��E)c
�T�F�.I������F���d����~�7$�?���k-�ȒG���}����
��t2���MǴ��F���C�f@���@��o؄r�Qhl

3GPP TS 38.101-2 version 15.8.0 Release 15 10 ETSI TS 138 101-2 V15.8.0 (2020-01)

Foreword

This Technical Specification has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal
TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an
identifying change of release date and an increase in version number as follows:

Version x.y.z
where;
x thefirst digit:
1 presented to TSG for information;
2 presented to TSG for approval;
3 or greater indicates TSG approved document under change control.

y the second digit isincremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

z thethird digit isincremented when editorial only changes have been incorporated in the document.
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1 Scope

The present document establishes the minimum RF requirements for NR User Equipment (UE) operating on frequency
Range 2.

2 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present
document.

- References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

- For aspecific reference, subsequent revisions do not apply.

- For anon-specific reference, the latest version applies. In the case of areference to a 3GPP document (including
a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same
Release as the present document.

[1] 3GPP TR 21.905: "Vocabulary for 3GPP Specifications'.

2] 3GPP TS 38.101-1: "NR; User Equipment (UE) radio transmission and reception; Part 1: Range 1
Standalone”

[3] 3GPP TS 38.101-3: "NR; User Equipment (UE) radio transmission and reception; Part 3: Range 1
and Range 2 Interworking operation with.other radios’

[4] Void

[5] 3GPP TS 38.521-2: "NR; UserEquipment {UE) conformance specification; Radio transmission
and reception; Part 2. Range.2 Standal one'”

[6] Recommendation TU-R M.1545: *Measurement uncertainty asit applies to test limits for the
terrestrial component of International' M obile Telecommunications-2000"

[7] ITU-R Recommendation SIM.329-10, "Unwanted emissions in the spurious domain"

[8] 47 CFR Part 30, "UPPER:*MICROWAVE FLEXIBLE USE SERVICE, 830.202 Power limits',
FCC.

[9] 3GPP TS 38.211: "NR; Physical channels and modulation”.

[10] 3GPP TS 38.213: "NR; Physical layer procedures for control”.

[11] 3GPP TS 38.215: "NR; Physical layer measurements”.

[12] 3GPP TS 38.133: "NR; Requirements for support of radio resource management".

[13] 3GPP TS 38.331: "NR; Radio Resource Control (RRC); Protocol specification”.

[14] 3GPP TS 38.306: "NR; User Equipment (UE) radio access capabilities”.

[15] |EEE Std 149: "|EEE Standard Test Procedures for Antennas', |EEE.
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3 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following
apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP
TR 21.905[1].

Aggregated Channel Bandwidth: The RF bandwidth in which a UE transmits and receives multiple contiguously
aggregated carriers.

Beam correspondence: the ability of the UE to select a suitable beam for UL transmission based on DL measurements
with or without relying on UL beam sweeping.

Carrier aggregation: Aggregation of two or more component carriersin order to support wider transmission
bandwidths.

Carrier aggregation band: A set of one or more operating bands across which multiple carriers are aggregated with a
specific set of technical requirements.

Carrier aggregation bandwidth class. A class defined by the aggregated transmission bandwidth configuration and
maximum number of component carriers supported by a UE.

Carrier aggregation configuration: A combination of CA operating band(s) and:CA-bandwidth class(es) supported by
aUE.

NOTE: Carriersaggregated in each band can be contigueus or non-contiguous.

EIRP(Link=Link angle, M eas=Link angle): measurement of the UE such that the link angle is aligned with the
measurement angle. EIRP (indicator to be measured).can be replaced by EIS, Frequency, EVM, carrier Leakage, In-
band eission and OBW. Beam peak search grids, T.X beam:peak direction, and RX beam peak direction can be selected
to describe Link.

EIRP(Link=Link angle, M eas=beam peak dir ection): measurement of the EIRP of the UE such that the
measurement angle is aligned with the beam peak direction within an acceptable measurement error uncertainty.

EIS (equivalent isotropic sensitivity): sensitivity for an isotropic directivity device equivalent to the sensitivity of the
discussed device exposed to an incoming wave from a defined AcA

NOTE 1: The sensitivity is the minimum received power level at which specific requirement is met.
NOTE 2: Isotropic directivity isegual in all directions (i.e. 0 dBi).

Fallback group: Group of carrier aggregation bandwidth classes for which it is mandatory for a UE to be able to
fallback to lower order CA bandwidth class configuration. It is not mandatory for a UE to be able to fallback to lower
order CA bandwidth class configuration that belong to a different fallback group

Inter-band carrier aggregation: Carrier aggregation of component carriersin different operating bands.

NOTE: Carriers aggregated in each band can be contiguous or non-contiguous.
Intra-band contiguous carrier aggregation: Contiguous carriers aggregated in the same operating band.
Intra-band non-contiguous carrier aggregation: Non-contiguous carriers aggregated in the same operating band.
Link angle: aDL-signa AoA from the view point of the UE, as described in Annex J.

M easurement angle: the angle of measurement of the desired metric from the view point of the UE, as described in
Annex J

radiated interface boundary: operating band specific radiated requirements reference point where the radiated
requirements apply
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