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Introduction
Briefly introduce background, the scope of this email discussion (e.g. list of treated agenda items) and provide some guidelines for email discussion if necessary.
Topic #1: 4Tx Requirements
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2400341
	Nokia, Nokia Shanghai Bell
	Delta PpowerClsss for 4Tx for SRS antenna switching
Observation 1: Requirements associated with ΔTRxSRS for 8Rx with 4Tx as well as 4Rx with 4Tx have not been completed yet. 
Observation 2: Some of ΔTRxSRS requirements are associated with the value of ΔPPowerClass.
ΔPPowerClass specific part in 38.101-1 (Rel-17)
[image: ]
Observation 3: A following exceptional relaxation is applicable to not only 26 dBm + 23 dBm PA configuration, but rather 26 dBm + 26 dBm PA configuration for PC2. 
The value of ∆TRxSRS is 7.5dB for bands whose FUL_high is higher than the FUL_low of n79 and 6 dB for bands whose FUL_high is lower than the FUL_low of n79 during SRS transmission occasions with configured SRS resources consisting of one SRS port when the device is capable of power class 2 in the band and ΔPPowerClass = 0 dB and not indicating txDiversity-r16.
Observation 4: ΔPPowerClass can be different depending on combinations between configured SRS antenna switching resource, implemented PA configuration, how the UE uses PAs as pair like 26 dBm + 23 dBm, and their order, while there is no explicit way for gNB to identify the information.
Observation 5: For ΔPPowerClass for 4Tx/4Rx,
If the UE with 4Tx for PC1.5 with 4TxD capability (assuming 23 dBm x 4) is configured with SRS resources corresponding to
· t4ry or similar, ΔPPowerClass is 0 dB;
· t2ry or similar, ΔPPowerClass is 3 dB, or
· t1ry or similar, ΔPPowerClass is 6 dB
If the UE with 4Tx for PC1.5 without 4TxD capability (assuming 2 x 26 dBm + 2 x 23 dBm or 4 x 26 dBm) and if RAN4 follows a way mentioned in Observation 2, possible ΔPPowerClass is as follows.
· t4ry or similr, ΔPPowerClass is 0 dB;
· t2ry or similar, ΔPPowerClass is 0 dB for the 1st port pair and 3 dB for the second port pair; or
· t1ry or similar, ΔPPowerClass is 3 dB (for the 1st and 2nd SRS resource) and 6 (for the 3rd and 4th SRS resource).
Proposal: RAN4 should address ΔPPowerClass for 4Tx and requirements for SRS antenna in the future meetings with consideration of these shared observations.

	R4-2400719
	Qualcomm
	(NR_ENDC_RF_FR1_enh2-Core ) 4Tx RF issues
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	R4-2401260
	ZTE Corporation
	(  NR_ENDC_RF_FR1_enh2-Core) Update TxD capabilities name and correct the requirements
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	R4-2401518
	vivo
	Remaining TxD capability requirements for 4Tx
Proposal: Extend the still existing legacy capability “txDiversity-r16” cases in a case by case way according to the analysis in this paper.
[bookmark: _Hlk159070805]Option 1: Extend the Rel-16 capability txDiversity-r16 to include two 2Tx capability, e.g. txDiversity-r16 or [txDiversity2Tx-r18]
Option 2: Extend the Rel-16 capability txDiversity-r16 to general term including 4Tx case, e.g. “Tx Diversity capability/(ies)” 
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	R4-2401519
	vivo
	Extension for TxD capability requirements for 4Tx
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	R4-2402419
	Huawei, HiSilicon
	R18 Cat-F CR 38.101-1 correction CR for 4Tx requirements
[image: ]
…

	R4-2402420
	Huawei, HiSilicon
	draft LS on verification of full power rank 2 UL operation for UE supporting 4Tx
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Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 1-1 4Tx TxD and others
Sub-topic description 
Open issues and candidate options before meeting:
Issue 1-1-1: Whether address ΔPPowerClass for 4Tx and requirements for SRS antenna 
· Proposals
· Option 1: Yes (Nokia, R4-2400341)
· RAN4 should address ΔPPowerClass for 4Tx and requirements for SRS antenna in the future meetings with consideration of these shared observations.
· Option 2:  No
· Defining the current requirements to include two 2Tx capability. (vivo, R4-2401518)
· Option 3: Others
· 
· Recommended WF
· TBD

Issue 1-1-2: How to harmonize and revise the TxD related capabilities
· Proposals
· Proposal 1: Extend the still existing legacy capability “txDiversity-r16” cases in a case by case way.
· Option 1: Extend the Rel-16 capability txDiversity-r16 to include two 2Tx capability, e.g. txDiversity-r16 or [txDiversity2Tx-r18]
· Option 2: Extend the Rel-16 capability txDiversity-r16 to general term including 4Tx case, e.g. “Tx Diversity capability/(ies)” 
	Index
	Clauses
	Contents
	Suggested Changing option

	1
	Table 6.2.3.1-1: Additional maximum power reduction (A-MPR)
	NOTE 7: 	The 1Tx architecture is assumed. For power class 2 UE indicating txDiversity-r16 [TS 38.306], the additional relaxation of [2] dB is applicable.
	[Option 1]

	2a
	Clause 6.2.4 Configured transmitted power

Note: Depending on previous issue
	3dB is applied during SRS transmission occasions with usage in SRS-ResourceSet set as ‘antennaSwitching’ with configured SRS resources in each SRS resource set(s) consisting of one SRS port when PC2 capable UE with txDiversity-r16 capability or PC1.5 capable UE …;
	[Option 1]

	2b
	
	The value of ∆TRxSRS is 4.5dB (5.5/6.0/7.3) for bands …, or when UE indicating txDiversity-r16
	[Option 1]

	2c
	
	The value of ∆TRxSRS is 7.5dB (8.5/9.0/10.3) for bands …capable of power class 2 in the band and ΔPPowerClass = 0 dB and not indicating txDiversity-r16
	[Option 2 slightly preferred]

	3
	Clause 6.2D.1 UE maximum output power for UL MIMO
	If the UE is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or……. with the following exception: for UEs indicating txDiversity-r16, the requirements in clause 6.2G for the power class indicated by the ue-PowerClass.
	[Option 2]

	4
	Clause F.8 EVM
	For UE with multiple transmission antennas, if UE indicates IE txDiversity-r16,
	[Option 2]



· Proposal 2: Only consider extending the capability to a general case except the general part.

· Recommended WF
· TBD

Issue 1-1-3: Applicability of general Rx requirements for SC and CA to UE supporting multi-Tx in the UL band(s)
· Proposal
· Proposal 1: As in CR R4-2402419
[image: ]
· Recommended WF
· TBA

Issue 1-1-4: Update of PUSCH configuration for ULFPTx
· Proposal
· Proposal 1: As in CR R4-2402419
	ULFPTx Mode
	Transmission scheme
	DCI format 
	Modulation
	Number of layers
	Number of Tx Port
	TPMI index

	Mode-1
	Codebook based uplink
	DCI format 0_1
	DFT-s-OFDM, CP-OFDM NOTE3
	1
	2 NOTE1
	2

	
	
	
	
	
	4 NOTE4
	13

	
	
	
	CP-OFDM NOTE3
	2
	4
	6

	Mode-2
	Codebook based uplink
	DCI format 0_1
	DFT-s-OFDM, CP-OFDM
	1
	2 NOTE1
	0 or 1NOTE2

	
	
	
	
	
	4 NOTE4
	4, 5, 6 ,7 or 4, 5, 6 ,7, 8, 9, 10, 11NOTE2

	
	
	
	CP-OFDM
	2
	4
	1 or 0, 1, 2, 3, 4 ,5NOTE2

	Mode-full power
	Codebook based uplink
	DCI format 0_1
	DFT-s-OFDM, CP-OFDM
	1
	2 NOTE1
	0,1

	NOTE 1:	The UE is configured with one SRS resource with the parameter nrofSRS-Ports set to 2.
NOTE 2:	TPMI index selected shall be based upon the full power TPMI reported by the UE [8, TS 38.213].
NOTE 3:	For PUSCH configured with ul-FullPowerTransmission set to fullpowerMode1, all the transmitter requirement for CP-OFDM based modulation does not need to be verified if the requirements for 2-layer or 4-layer UL MIMO according to Table 6.2D.1-2 has been verified.
NOTE 4:	The UE is configured with one SRS resource with the parameter nrofSRS-Ports set to 4.



· Recommended WF
· TBA

Issue 1-1-5: Whether LS to RAN5 is needed.
· Proposal
· Proposal 1: Sending LS to RAN5 as following:
[image: ]

· Recommended WF
· TBA


Issue 1-1-6: Others.
· Proposals
· Proposal 1: As in CR R4-2400719.
[image: ]
· Recommended WF
· TBA
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3dB is applied during SRS transmission occasions with usage in SRS-ResourceSet set as
‘antennaSwitching” with configured SRS resources in each SRS resource set(s) consisting of one SRS port
when PC2 capable UE with txDiversity-r16 capability or PC1.5 capable UE further indicates SRS-TxSwitch
capability ‘t1r2” or ‘t1r4” or ‘tlrl-tlr2’ or ‘tlrl-tlr2-tlr4’;
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Reason for change:< The number of transmit antenna connectors supported for UL MIMO is not

clear<

Summary of change:< Wording revised to make the number of transmit antenna connectors more
clear<

Consequences if not If not corrected there would be ambiguity as to how many transmit antenna

approved:< connectors are supported in UL MIMO<
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.7.3D Reference sensitivity for UL MIMO«

For UE with two or four transmitter antenna connectors in closed-loop spatial multiplexing scheme, the minimum
requirements specified in clause 7.3 shall be met with the UL MIMO configurations described in clause 6.2D.1 and
clause 6.2F.1D for shared spectrum access operation, and the reference measurement channels as specified in Annex
A.2.2 for CP-OFDM waveforms shall apply. For UL MIMO, the parameter Pumax is the total transmitter power over

the-two-or four-transmitspewer-over-all transmit antenna connektors <




image4.png
Summary of change:= 1. To update the capabilities names of [xDiversity2T-r18] and [exDiversity4T-r18] to
align with RAN2 spec.<!

2. Replace ‘...indicating xDiversity-r16” with ‘...indicating Tx diversity capability’ to
make it general to include both 2Tx and 4Tx TxD cases.<’
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Table 1.

Current txDiversity-r16 use cases in Rel-18 38.101-1 (Updated)'

Index” | Clauses Contents® Analysis® Suggested
Changing option<’
e Table 623.1- | NOTE 7: The 1Tx architecture is This is a band specific A- | Option 1./
1: Additional | assumed. For power class 2 UE MPR requirements
‘maximum indicating txDiversity-r16 [TS specifically for 2Tx case. |
power 38306], the additional relaxation of
reduction (A- | [2] dB is applicable.
MPR)®
22 Clause 6.2.4 3dB is applied during SRS 4Tx is not considered Option 1
Configured transmission occasions when development of this
transmitted consisting of one SRS port case. Considering this is
power<’ when PC2 capable UE with | specifically for PC2, 4Tx
txDiversity-rl6 capability or | is also quite unlikely. <
PCL5 capable UE ...<*
20 The value of ATRXSRS is 4.5dB Several cases covered~ | Option 1/
(5.5/6.0/7.3) for bands ... or when
UE indicating txDiversity-r16¢* 4Tx is not considered
when development of this
case; ¢
26 The value of ATRXSRS is 7.5dB Several cases covered~ | Option 2 slightly
(8.5/9.0/10.3) for bands ...capable of preferred<’
power class 2 in the band and this is “not indicating”,
APpageciss = 0 dB and not indicating | and a larger scope of
fxDiversity-r16° extension s better o be
) considered. <
30 Clause 6.2D.1 | If the UE is scheduled for single [Though this is set before | Option 2

UE maximum
output power
for UL MIMO<

antenna-port PUSCH transmission by
DCI format 0_0 or........ with the
following exception: for UEs
indicating txDiversity-r16, the
requirements in clause 6.2G for the
power class indicated by the ue-
PowerClass.

4Tx is introduced, the
principle is somewhat
‘general and also for
clause 6.2G. Thus more
‘general capabilities are
proposed. <
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Reason for change:< The newly introduced Rel-18 TxD capability has not full reflected in current
specficiation. The legacy Rel-16 capability need to be extended.<’

Summary of change:< There are two ways of extention«

. Extend the Rel-16 capability zxDiversity-r16 to include two 2Tx capability, e.g.
wxDiversity-r16 or [txDiversity2Tx-r18]<

: Extend the Rel-16 capability mxDiversity-r16 to general term including 4Tx
case, e.g. “Tx Diversity capability/(ies)” <

The detailed analysis and case by case analysis and selection of ways can
be referenced to R4-2401518.<

Consequences if not The newly introduced Rel-18 TxD capability will not full reflected in current
approved:< specficiation. <!
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Reason for change:~

Summary of change:=

Consequences if not
approved:=

For 4Tx requirements in the latest specfication, -

1
2

3
1
2
3

Update the newly introduced TxD capabilities according to RAN2 spec.
Clarify that the Rx requirements for both single carrier or CA (including
intra, inter-CA) are applicable for UE with one Tx antenna connector or
multi-band Tx antenna connectors in the UL band(s) unless otherwise
stated], as some requirements, e.g. REFSENS degradation for some
bands, are specific for UL band with 2Tx.<

Generalize the EVM for UE supporting Tx diversity.

Update the TxD capabilies.~
Clarification of Rx requirements in general part for UE supporing 4Tx.-
Update description of TxD capabilty for EVM requirement.-*

Refered capability IEs are not aligned with RAN2 spec, and some
requirements are ambiguous for UE supporting 4Tx. =
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1. Overall Description:<

RAN4 core RF requirements for UE supporting 4Tx have been finished under the Rel-18 WI of UE RF FR1
(NR_ENDC_RF_FR1_enh2). ¢
o

In Rel-18, only power class 1.5 is considered for UE supporting 4Tx. To reach the eligible power class, UE PA
configurations with 4x23dBm, 2x23dBm+2x26dBm and 4x26dBm are assumed. During the process of
specifying the requirements, it was agreed that the following ULFPTx modes for rank 2 operation should be

verified, i.e.<
o

« 4 x23dBm Tx architecture in mode 1 operation «
«  2x23dBm + 2 x 26dBm Tx architecture in mode 1 and mode 2 operation«
* 4 x26dBm Tx architecture in mode 1 and mode 2 operation«

The PA configurations for different Tx architectures supporting 4Tx are implicitly reflected by TPMI indexes,
which can be found in Table 6.2D.1-3 of TS 38.101-1. <
2. Actions:<

To RANS:<
ACTION: RAN4 respectfully asks RANS to take the above information into account for the future work.«
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Unless otherwise stated, the receiver requirements of single carrier or CA operation are applicable to UE with one Tx
antenna connector or multi-band Tx antenna connectors with UL MIMO or Tx diversity operation in the UL band(s).





