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Introduction
Good progress was made for 4Tx requirements in last meeting, and the remaining issues are captured in the WF [1]:
	UL-MIMO coherence for 4Tx
· Proposals
· Option 1: Extend the UL-MIMO coherence requirements for 4Tx requirements. (As in R4-2308238)
· Option 2: Others
· WF
· Further study this issue in next meeting.

PCMAX,c tolerance for 4Tx
Agreement: 
· Use the following table as a as a starting point of PCMAX tolerance for 4Tx-based UL-MIMO / TxDiversity, and further discuss the values to be specified
Table: PCMAX,c tolerance for 4 Tx UL-MIMO
	PCMAX,c
(dBm)
	Tolerance
TLOW(PCMAX_L,c) (dB)
	Tolerance
THIGH(PCMAX_H,c) (dB)

	26 ≤ PCMAX,c ≤ 29
	3.0
	2.0

	25 ≤ PCMAX,c < 26
	5.0
	2.0

	24 ≤ PCMAX,c < 25
	5.0
	3.0

	23 ≤ PCMAX,c < 24
	5.0
	4.0

	19 ≤ PCMAX,c < 23
	5.0

	14 ≤ PCMAX,c < 19
	6.0

	-40 ≤ PCMAX,c < 14
	7.0






This contribution provides further analysis for the remaining issues, including coherent UL MIMO requirements, Pcmax tolerance and release independent consideration for UE supporting 4Tx.
Discussion
UL-MIMO coherence for 4Tx
Coherent UL MIMO was discussed in last meeting, but there is no conclusion yet. 
	For coherent UL MIMO, Table 6.4D.4-1 lists the maximum allowable difference between the measured relative power and phase errors between different antenna connectors in any slot within the specified time window from the last transmitted SRS on the same antenna connectors, for the purpose of uplink transmission (codebook or non-codebook usage) and those measured at that last SRS. The requirements in Table 6.4D.4-1 apply when the UL transmission power at each antenna connector is larger than 0 dBm for SRS transmission and for the duration of time window.
Table 6.4D.4-1: Maximum allowable difference of relative phase and power errors in a given slot compared to those measured at last SRS transmitted
	Difference of relative phase error
	Difference of relative power error
	Time window

	40 degrees
	4 dB
	20 msec



	


The proposal in [2] just simply extends the requirements to any different antenna connectors. The requirements of relative phase error and power error come from the performance perspective as well as the UE implementation capability. Regarding the performance aspect, the values to guarantee the performance would be similar for both 2Tx and 4Tx. As for the implementation aspect, it is obvious that maintain the same requirements would require more efforts for 4Tx than 2Tx. In this sense, we think that more evaluation would be helpful to have insight of 4Tx UE supporting the advanced MIMO feature. However, we can accept to use the existing requirements as starting point for 4Tx UE to support coherent MIMO, which is subject to further revision if some issues are identified later.
Proposal 1: It is proposed to use existing relative phase error and power error requirements as starting point for 4Tx UE to support coherent MIMO.

PCMAX,c tolerance for 4Tx
In last RAN4 meeting, Pcmax,c tolerance for 4Tx was further discussed and it was agreed to use the values in the WF as starting point. We’d like to provide some further analysis to check whether the proposed values are reasonable. 
For UL-MIMO with two transmit antenna connectors, the tolerance of lower bound Pcmax is more relaxed considering lower power of each transmitter. The tolerance of lower bound Pcmax for UL-MIMO is specified in a specific closed-loop spatial multiplexing scheme with equal power in two transmitters. The applicable Pcmax for 2Tx can be calculated on the basis of values for single Tx, i.e. Table below reproduced from TS 38.101-1:
Table 6.2.4-1: PCMAX tolerance [4]
	PCMAX,f,c  (dBm)
	Tolerance T(PCMAX,f,c) (dB)

	23 < PCMAX,c ≤ 33
	2.0

	21 ≤ PCMAX,c ≤ 23
	2.0

	20 ≤ PCMAX,c < 21
	2.5

	19 ≤ PCMAX,c < 20
	3.5

	18 ≤ PCMAX,c < 19
	4.0

	13 ≤ PCMAX,c < 18
	5.0

	8 ≤ PCMAX,c < 13
	6.0

	-40 ≤ PCMAX,c < 8
	7.0


The X marks in Figure 1 below show the calculated tolerance of lower bound for total configured power in the condition that each transmitter has equal output power. The red line reflects the requirements in the above table and the blue line shows what specified for 2Tx, regardless of UL MIMO or TxD.
[image: ]
Figure 1: Lower bound tolerance of total configured power with equal power for 2 Tx
It is noticed that the specified 6dB for Pcmax lower tolerance in the case of [20] ≤ PCMAX < [21] is larger than the case with lower output power. The singular point may not be a reasonable choice when specify the then requirement, which could be corrected for 4Tx. Using similar method as that for 2Tx, we calculate the lower bound tolerance of Pcmax for 4Tx based on tolerance of single Tx as well. 
[image: ]
Figure 2: Lower bound tolerance of total configured power with equal power for 4 Tx
The blue dotted line is the proposed Pcmax tolerance vs different power levels, which is aligned with the values in the WF, i.e. table 1 below:
Table 1: PCMAX,c tolerance for 4 Tx UL-MIMO for 4 Tx
	[bookmark: _Hlk137146822]PCMAX,c
(dBm)
	Tolerance
TLOW(PCMAX_L,c) (dB)
	Tolerance
THIGH(PCMAX_H,c) (dB)

	26 ≤ PCMAX,c ≤ 29
	3.0
	2.0

	25 ≤ PCMAX,c < 26
	5.0
	2.0

	24 ≤ PCMAX,c < 25
	5.0
	3.0

	23 ≤ PCMAX,c < 24
	5.0
	4.0

	19 ≤ PCMAX,c < 23
	5.0

	14 ≤ PCMAX,c < 19
	6.0

	-40 ≤ PCMAX,c < 14
	7.0


Proposal 2: It is proposed to adopt the proposed Pcmax,c tolerance proposed in the WF of last meeting .
Release independent for UE supporting 4Tx
Release independent issue has not be discussed so far for UE supporting 4Tx. Though the requirements are specified in Rel-18, but some requirements defined in Rel-17 for 2Tx are the basis for deriving requirements for 4Tx. We think that Rel-17 would be an appropriate release for 4Tx if release independent is considered.
The following part is the proposed changes for TS 38.307.
<Proposed changes for 38.307 v18.0.0>
[bookmark: _Toc98752887][bookmark: _Toc106132094][bookmark: _Toc115198861][bookmark: _Toc121932126][bookmark: _Toc130392152]5.4	Other release independent features for NR frequency range 1
This clause covers requirements for a Rel-15 UE coming from all other release independent features that are not covered under clause 5.1, 5.2 and 5.3, e.g. generic baseband requirements or requirements that are not band/CA/SUL configuration specific.
Table 5.4-1: Additional requirements of other release independent features
	Feature
	Release
independent from
	Requirements to be fulfilled
(see 38.307 of the REL when the feature was introduced)
	Further information

	RRM requirements for high speed train scenario
	Rel-15 (NOTE 1)
	Table C.1-1
	Rel-16 WI NR_HST introduced band independent RRM requirements: see Table C.1-1

	UE demodulation requirements for high speed train scenario
	Rel-15 (NOTE 1)
	Table C.2-1
	Rel-16 WI NR_HST introduced band independent UE demodulation requirements: see Table C.2-1

	RF requirements for 4Rx UEs
	Rel-15
	Table B.4.10-1, Table B.4.10-2
	

	[Transparent Tx diversity]
	[Rel-15]
	[Table B.4.11-1]
	[Rel-17 WI NR_RF_TxD introduced transparent Tx diversity requirements: see Table B.4.11-1]

	UE demodulation and CSI requirements for MMSE-IRC receiver for scenarios with inter cell and intra cell inter user interference
	Rel-15
	Table B.3.3-1
	Rel-17 WI NR_demod_enh2-Perf: see Table B.3.3-1. These requirements are optional for Rel-15 and Rel-16 UEs and can be executed based on UE declaration.

	RRM enhancement for FR1 high speed train scenario enhancement
	Rel-16 (NOTE 2)
	Table C.3-1
	Rel-17 WI NR_HST_FR1_enh introduced band independent RRM enhancement: see Table C.3-1

	HST-SFN CA demodulation enhancement for FR1 high speed train scenario enhancement
	Rel-16 (NOTE 3)
	Table C.4-1
	Rel-17 WI NR_HST_FR1_enh introduced band independent HST-SFN CA demodulation enhancement: see Table C.4-1

	HST-DPS CA demodulation enhancement for FR1 high speed train scenario enhancement
	Rel-15 (NOTE 4)
	Table C.4-1
	Rel-17 WI NR_HST_FR1_enh introduced band independent HST-DPS CA demodulation enhancement: see Table C.4-1

	RF requirements for 4Tx UEs
	Rel-17
	[Table B.4.xx-1]
	Rel-18 WI NR_ENDC_ RF_FR1_enh2 introduced band independent UE RF requirements for 4Tx: see Table B.xx-1

	NOTE 1:	Rel-15 UEs supporting the high speed train are assumed to read the Rel-16 high speed train scenario information, which is broadcast to all UEs.
NOTE 2:	Rel-16 UEs supporting the high speed train are assumed to read the Rel-17 high speed train scenario information, which is broadcast to all UEs.
NOTE 3:	Rel-16 UEs supporting the high speed train are assumed to read the Rel-17 high speed train scenario information, which is broadcast to all UEs.
NOTE 4:	Rel-15 UEs supporting the high speed train are assumed to read the Rel-17 high speed train scenario information, which is broadcast to all UEs.



[bookmark: _Toc98752923][bookmark: _Toc106132135][bookmark: _Toc115198903][bookmark: _Toc121932168][bookmark: _Toc130392194]B.4.xx	Common UE RF requirements for 4Tx
The requirements and test cases listed in Table B.4.xx-1 are specified in REL-18 version of TS 38.101-1 [2].
Table B.4.xx-1: Common UE RF requirements for a release independent 4Tx
	Clause
	Description

	6.1
	General

	6.2.2
	[bookmark: _Toc84413495][bookmark: _Toc84404886][bookmark: _Toc83580377]UE maximum output power reduction

	6.2D.1
	[bookmark: _Toc84413571][bookmark: _Toc84404962][bookmark: _Toc83580453][bookmark: _Toc76718143][bookmark: _Toc76509153][bookmark: _Toc75467131][bookmark: _Toc69084121][bookmark: _Toc68230708][bookmark: _Toc61372767][bookmark: _Toc61367384][bookmark: _Toc45888739][bookmark: _Toc45888140][bookmark: _Toc37251325][bookmark: _Toc36107559][bookmark: _Toc29802817][bookmark: _Toc29802192][bookmark: _Toc29801768][bookmark: _Toc21344282]UE maximum output power for UL MIMO

	6.2D.2
	UE maximum output power reduction for UL MIMO

	6.2D.3
	UE additional maximum output power reduction for UL MIMO

	6.2G.1
	[bookmark: _Toc84413610][bookmark: _Toc84405001][bookmark: _Toc83580492]UE maximum output power for Tx Diversity

	6.2G.2
	[bookmark: _Toc84413611][bookmark: _Toc84405002][bookmark: _Toc83580493]UE maximum output power reduction for Tx Diversity

	6.3D.1
	[bookmark: _Toc84413681][bookmark: _Toc84405072][bookmark: _Toc83580563][bookmark: _Toc76718242][bookmark: _Toc76509252][bookmark: _Toc75467230][bookmark: _Toc69084220][bookmark: _Toc68230807][bookmark: _Toc61372860][bookmark: _Toc61367477][bookmark: _Toc45888812][bookmark: _Toc45888213][bookmark: _Toc37251365][bookmark: _Toc36107599][bookmark: _Toc29802857][bookmark: _Toc29802232][bookmark: _Toc29801808][bookmark: _Toc21344322]Minimum output power for UL MIMO

	6.3D.3
	[bookmark: _Toc21344324][bookmark: _Toc29801810][bookmark: _Toc29802234][bookmark: _Toc29802859][bookmark: _Toc36107601][bookmark: _Toc37251367][bookmark: _Toc45888215][bookmark: _Toc45888814][bookmark: _Toc61367479][bookmark: _Toc61372862][bookmark: _Toc68230809][bookmark: _Toc69084222][bookmark: _Toc75467232][bookmark: _Toc76509254][bookmark: _Toc76718244][bookmark: _Toc83580565][bookmark: _Toc84405074][bookmark: _Toc84413683]Transmit ON/OFF time mask for UL MIMO

	6.3D.4
	[bookmark: _Toc84413684][bookmark: _Toc84405075][bookmark: _Toc83580566][bookmark: _Toc76718245][bookmark: _Toc76509255][bookmark: _Toc75467233][bookmark: _Toc69084223][bookmark: _Toc68230810][bookmark: _Toc61372863][bookmark: _Toc61367480][bookmark: _Toc45888815][bookmark: _Toc45888216][bookmark: _Toc37251368][bookmark: _Toc36107602][bookmark: _Toc29802860][bookmark: _Toc29802235][bookmark: _Toc29801811][bookmark: _Toc21344325]Power control for UL MIMO

	6.4D.2.1
	[bookmark: _Toc61367538][bookmark: _Toc61372921][bookmark: _Toc68230869][bookmark: _Toc69084282][bookmark: _Toc75467292][bookmark: _Toc76509314][bookmark: _Toc76718304][bookmark: _Toc83580635][bookmark: _Toc84405144][bookmark: _Toc84413753]Error Vector Magnitude

	6.4D.2.2
	Carrier leakage

	6.4D.2.3
	[bookmark: _Toc61367540][bookmark: _Toc61372923][bookmark: _Toc68230871][bookmark: _Toc69084284][bookmark: _Toc75467294][bookmark: _Toc76509316][bookmark: _Toc76718306][bookmark: _Toc83580637][bookmark: _Toc84405146][bookmark: _Toc84413755]In-band emissions

	6.4D.2.4
	[bookmark: _Toc61367541][bookmark: _Toc61372924][bookmark: _Toc68230872][bookmark: _Toc69084285][bookmark: _Toc75467295][bookmark: _Toc76509317][bookmark: _Toc76718307][bookmark: _Toc83580638][bookmark: _Toc84405147][bookmark: _Toc84413756]EVM equalizer spectrum flatness for UL MIMO

	6.5D.1
	[bookmark: _Toc84413872][bookmark: _Toc84405263][bookmark: _Toc83580754][bookmark: _Toc76718416][bookmark: _Toc76509426][bookmark: _Toc75467404][bookmark: _Toc69084394][bookmark: _Toc68230981][bookmark: _Toc61373032][bookmark: _Toc61367649][bookmark: _Toc45888951][bookmark: _Toc45888352][bookmark: _Toc37251472][bookmark: _Toc36107698][bookmark: _Toc29802956][bookmark: _Toc29802331][bookmark: _Toc29801907][bookmark: _Toc21344420]Occupied bandwidth for UL MIMO

	6.5D.2
	[bookmark: _Toc84413873][bookmark: _Toc84405264][bookmark: _Toc83580755][bookmark: _Toc76718417][bookmark: _Toc76509427][bookmark: _Toc75467405][bookmark: _Toc69084395][bookmark: _Toc68230982][bookmark: _Toc61373033][bookmark: _Toc61367650][bookmark: _Toc45888952][bookmark: _Toc45888353][bookmark: _Toc37251473][bookmark: _Toc36107699][bookmark: _Toc29802957][bookmark: _Toc29802332][bookmark: _Toc29801908][bookmark: _Toc21344421]Out of band emission for UL MIMO

	6.5D.3
	[bookmark: _Toc84413874][bookmark: _Toc84405265][bookmark: _Toc83580756][bookmark: _Toc76718418][bookmark: _Toc76509428][bookmark: _Toc75467406][bookmark: _Toc69084396][bookmark: _Toc68230983][bookmark: _Toc61373034][bookmark: _Toc61367651][bookmark: _Toc45888953][bookmark: _Toc45888354][bookmark: _Toc37251474][bookmark: _Toc36107700][bookmark: _Toc29802958][bookmark: _Toc29802333][bookmark: _Toc29801909][bookmark: _Toc21344422]Spurious emission for UL MIMO

	6.5D.4	
	[bookmark: _Toc84413875][bookmark: _Toc84405266][bookmark: _Toc83580757][bookmark: _Toc76718419][bookmark: _Toc76509429][bookmark: _Toc75467407][bookmark: _Toc69084397][bookmark: _Toc68230984][bookmark: _Toc61373035][bookmark: _Toc61367652][bookmark: _Toc45888954][bookmark: _Toc45888355][bookmark: _Toc37251475][bookmark: _Toc36107701][bookmark: _Toc29802959][bookmark: _Toc29802334][bookmark: _Toc29801910][bookmark: _Toc21344423]Transmit intermodulation for UL MIMO

	7.3D
	Reference sensitivity for UL MIMO

	7.3G
	Reference sensitivity for Tx Diversity

	7.4D
	[bookmark: _Toc84413989][bookmark: _Toc84405380][bookmark: _Toc83580871][bookmark: _Toc76718524][bookmark: _Toc76509534][bookmark: _Toc75467512][bookmark: _Toc69084499][bookmark: _Toc68231086][bookmark: _Toc61373136][bookmark: _Toc61367753][bookmark: _Toc45889027][bookmark: _Toc45888428]Maximum input level for UL MIMO

	7.5D
	[bookmark: _Toc84413999][bookmark: _Toc84405390][bookmark: _Toc83580881][bookmark: _Toc76718534][bookmark: _Toc76509544][bookmark: _Toc75467522][bookmark: _Toc69084509][bookmark: _Toc68231096][bookmark: _Toc61373146][bookmark: _Toc61367763][bookmark: _Toc45889037][bookmark: _Toc45888438]Adjacent channel selectivity for UL MIMO

	7.6D
	[bookmark: _Toc84414031][bookmark: _Toc84405422][bookmark: _Toc83580913][bookmark: _Toc76718566][bookmark: _Toc76509576][bookmark: _Toc75467554][bookmark: _Toc69084541][bookmark: _Toc68231128][bookmark: _Toc61373178][bookmark: _Toc61367795][bookmark: _Toc45889066][bookmark: _Toc45888467][bookmark: _Toc37251546][bookmark: _Toc36107772][bookmark: _Toc29803030][bookmark: _Toc29802405][bookmark: _Toc29801981][bookmark: _Toc21344493]Blocking characteristics for UL MIMO

	7.7D
	Spurious response for UL MIMO

	7.8D
	[bookmark: _Toc84414071][bookmark: _Toc84405462][bookmark: _Toc83580953][bookmark: _Toc76718606][bookmark: _Toc76509616][bookmark: _Toc75467594][bookmark: _Toc69084581][bookmark: _Toc68231168][bookmark: _Toc61373218][bookmark: _Toc61367835][bookmark: _Toc45889095][bookmark: _Toc45888496]Intermodulation characteristics for UL MIMO

	F.8	
	EVM measurement for multiple Tx



Proposal 3: It is proposed to support 4Tx from Rel-17 in a release independent manner.

Conclusion
This contribution provides further consideration for remaining 4Tx requirements and release independent issue. We have the following proposals for 4Tx:
Proposal 1: It is proposed to use existing relative phase error and power error requirements as starting point for 4Tx UE to support coherent MIMO.
Proposal 2: It is proposed to adopt the proposed Pcmax,c tolerance proposed in the WF of last meeting .
Proposal 3: It is proposed to support 4Tx from Rel-17 in a release independent manner.
A draft CR for release independent spec is provided in [5].
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