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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The TxD was considered as one of the implementations for single antenna port. And in the endorsed CR [1], TxD was introduced as one separate section in the spec with suffix “G”. Then how to handle the fall back behaviour/requirements for UE with TxD and UL MIMO need to be clarified in the spec.

2 Discussion
Current RAN4 spec defines the fallback from UL MIMO to single antenna port (1Tx antenna) with below statement. And it only defines the behavior of UE without TxD capability, i.e. UE with at least one full power PA, then the same power class requirements in 6.2.1 are applied. However, for UE supporting TxD, when it fallback from UL MIMO to single antenna port the requirements are unclear.
[image: ]

From UE behavior perspective, when UE with TxD fallback from UL MIMO to single antenna port, it might transmit with TxD or 1Tx antenna. 

Previously, it was agreed that UE shall meet the same power class requirements in UL MIMO and fallback. Apparently, for UE with TxD (23+23) same power class can only be achieved in TxD mode. And for UE with TxD (23+26), same power class can be achieved via one 26dBm PA (no TxD) or with TxD (23+23). 

Therefore, for UE with TxD (23+23) it only needs to meet TxD requirements in single antenna port mode.

Observation 1:    For UE with 23+23 PAs it can only achieve 26dBm in TxD mode, and therefore only needs to meet TxD requirements in single antenna port mode.

Proposal 1:         It is proposed to only test UE with TxD requirements for UE with 23+23 PAs in single antenna port mode.

For UE with PA configurations 26+23, although TxD is not a necessary feature, it is out of control of NW whether the 26dBm is achieved via the 26dBm PA or 23+23 PAs. In last meeting, concern was raised if only test this UE with 23+23 TxD status since in this case the 26dBm PA is not been considered. The most straight forward approach is to test both the 1Tx requirements and the 2Tx with TxD requirements. 

Observation 2:    For UE with 23+26 PAs it can achieve 26dBm in TxD mode, and also in 1T 26dBm mode, and it is out of NW control which mode UE is using.

Observation 3:    The most straight forward way to verify UE with 23+26 PAs performance in single antenna port mode is to test both 1Tx requirements and TxD requirements.

Proposal 2:         It is proposed to define both 1Tx requirements and TxD requirements for UE with 23+26 PAs in single antenna port mode. [Draft CR is R4-2118875]

However, one issue is how to distinguish TxD UE PA configurations, i.e. whether it is 23+23 or 23+26. It was distinguished for UE with ULFPTx capability, however, for other UEs it is not. To achieve this, one capability about the PA configurations can be defined for that.

Observation 4:    UE capability needs to be defined to distinguish TxD UE PA configurations whether it is 23+23 or 23+26.

Proposal 3:         It is proposed to define a new UE capability for TxD UE to distinguish whether PA configuration is 1Tx or 2Tx in single antenna port mode. [Draft LS is in the annex]

Another issue is even we know the TxD UE PA configuration is 23+26, then how to control the UE works in TxD mode or in 1PA 26dBm mode especially in testing. What NW can do is configure single antenna port transmission to UE, however, it still up to UE whether it uses one 26dBm PA transmitting or using 23+23 PAs transmitting. And sometimes the PA activated might also depends on the UE condition, e.g. batter power status or SAR issues. Control UE PA transmitting might need to be defined in RAN5 finally. For RAN4 requirement definition this is not a key issue.

Observation 5:    It is transparent to NW whether the 23+26 UE is transmitting max power via the 1Tx 26dBm PA or via the 23+23 PAs and therefore may cause testing problems.


Proposed changes are as below:

	[bookmark: _Toc21344282][bookmark: _Toc29801768][bookmark: _Toc29802192][bookmark: _Toc29802817][bookmark: _Toc36107559][bookmark: _Toc37251325][bookmark: _Toc45888140][bookmark: _Toc45888739][bookmark: _Toc61367384][bookmark: _Toc61372767][bookmark: _Toc68230708][bookmark: _Toc69084121][bookmark: _Toc75467131][bookmark: _Toc76509153][bookmark: _Toc76718143][bookmark: _Toc83580453][bookmark: _Toc84404962][bookmark: _Toc84413571]6.2D.1	UE maximum output power for UL MIMO
For UE with two transmit antenna connectors in closed-loop spatial multiplexing scheme, the maximum output power for any transmission bandwidth within the channel bandwidth is specified in Table 6.2D.1-1. The requirements shall be met with the UL MIMO configurations specified in Table 6.2D.1-2. For UE supporting UL MIMO, the maximum output power is defined as the sum of the maximum output power from both UE antenna connectors. The period of measurement shall be at least one sub frame (1 ms).
The requirements shall be met with the UL MIMO configurations of using 2-layer UL MIMO transmission with codebook of[image: ]. DCI Format for UE configured in PUSCH transmission mode for uplink single-user MIMO shall be used.
Table 6.2D.1-1: UE Power Class for UL MIMO in closed loop spatial multiplexing scheme
	[bookmark: OLE_LINK9]NR band
	Class 1.5 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	n1
	
	
	
	
	23
	+2/-3
	
	

	n2
	
	
	
	
	23
	+2/-31
	
	

	n3
	
	
	
	
	23
	+2/-31
	
	

	n7
	
	
	
	
	23
	+2/-31
	
	

	n25
	
	
	
	
	23
	+2/-31
	
	

	n30
	
	
	
	
	23
	+2/-3
	
	

	n34
	
	
	
	
	23
	+2/-3
	
	

	n38
	
	
	
	
	23
	+2/-3
	
	

	n39
	
	
	
	
	23
	+2/-3
	
	

	n40
	
	
	
	
	23
	+2/-3
	
	

	n41
	29
	+2/-31
	26
	+2/-31
	23
	+2/-31
	
	

	n48
	
	
	
	
	23
	+2/-3
	
	

	n66
	
	
	
	
	23
	+2/-3
	
	

	n70
	
	
	
	
	23
	+2/-3
	
	

	n71
	
	
	
	
	23
	+2/-3
	
	

	n77
	
	
	26
	+2/-3
	23
	+2/-3
	
	

	n78
	
	
	26
	+2/-3
	23
	+2/-3
	
	

	n79
	29
	+2/-3
	26
	+2/-3
	23
	+2/-3
	
	

	n80
	
	
	
	
	23
	+2/-31
	
	

	n84
	
	
	
	
	23
	+2/-3
	
	

	n95
	
	
	
	
	23
	+2/-3
	
	

	n97
	
	
	
	
	23
	+2/-3
	
	

	n98
	
	
	
	
	23
	+2/-3
	
	

	NOTE 1:	The transmission bandwidths confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB
NOTE 2:	Power class 3 is the default power class unless otherwise stated



Table 6.2D.1-2: UL MIMO configuration in closed-loop spatial multiplexing scheme
	Transmission scheme
	DCI format 
	Number of layers
	TPMI index

	Codebook based uplink
	DCI format 0_1
	2
	0

	NOTE 1:	The UE is configured with one SRS resource with the parameter nrofSRS-Ports set to 2.



For UE support uplink full power transmission (ULFPTx) for UL MIMO, the maximum output power requirements specified in Table 6.2D.1-1 shall be met with the PUSCH configurations specified in Table 6.2D.1-3, based upon UE’s support of uplink full power transmission mode. 
Table 6.2D.1-3: PUSCH Configuration for uplink full power transmission (ULFPTx)
	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
	2

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

	Mode-full power
	Codebook based uplink
	DCI format 0_1
	DFT-s-OFDM, CP-OFDM
	1
	2
	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 ULFPTxModes set to Mode-1, all the transmitter requirement for CP-OFDM based modulation is not needed to be verified if the requirement for UL MIMO has been validated.



If UE not indicating Tx diversity [xx, TS 38.306] or UE indicating Tx diversity [xx, TS 38.306] and also indicating TxD_PAconfigurations [xxx, TS 38.306] as 1Tx is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission, the requirements in clause 6.2.1 apply for the power class as indicated by the ue-PowerClass field in capability signalling. 

If UE indicating Tx diversity [xx, TS 38.306] and also indicating TxD_PAconfigurations [xxx, TS 38.306] as 2Tx is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission, the requirements in clause 6.2G.1 apply for the power class as indicated by the ue-PowerClass field in capability signalling.




3 Conclusions

Observation 1:    For UE with 23+23 PAs it can only achieve 26dBm in TxD mode, and therefore only needs to meet TxD requirements in single antenna port mode.

Proposal 1:         It is proposed to only test UE with TxD requirements for UE with 23+23 PAs in single antenna port mode.

Observation 2:    For UE with 23+26 PAs it can achieve 26dBm in TxD mode, and also in 1T 26dBm mode, and it is out of NW control which mode UE is using.

Observation 3:    The most straight forward way to verify UE with 23+26 PAs performance in single antenna port mode is to test both 1Tx requirements and TxD requirements.

Proposal 2:         It is proposed to define both 1Tx requirements and TxD requirements for UE with 23+26 PAs in single antenna port mode. [Draft CR is R4-2118875]

Observation 4:    UE capability needs to be defined to distinguish TxD UE PA configurations whether it is 23+23 or 23+26.

Proposal 3:         It is proposed to define a new UE capability for TxD UE to distinguish whether PA configuration is 1Tx or 2Tx in single antenna port mode. [Draft LS is in the annex]

Observation 5:    It is transparent to NW whether the 23+26 UE is transmitting max power via the 1Tx 26dBm PA or via the 23+23 PAs and therefore may cause testing problems.
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5 Annex: Draft LS

Title:	LS on PA configuration capability introduction for TxD UE
Response to:	
Release:	Rel-17
Work Item:	NR_RF_TxD-Core

Source:	TSG RAN WG4
To:	TSG RAN WG2
Cc:	

Contact Person:
Name: Jinqiang Xing
E-mail Address: xingjinqiang@OPPO.com

Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org 	

Attachments:	-


1. Overall Description:
RAN4 has discussed the requirements for a UE with TxD capability but under different PA configurations, i.e. with two 23dBm PAs or with one 23dBm PA +one 26dBm PA, or with two 26dBm PAs. 
It is recognized that a new UE capability (TxD_PAconfigurations) is needed to distinguish UE PA configurations when it works under single antenna port mode. 
When the UE capability (TxD_PAconfigurations) indicate 1Tx it means UE use one 26dBm PA to achieve the max power defined by power class capability. When the UE capability (TxD_PAconfigurations) indicate 2Tx it means UE use two PAs to achieve the max power defined by power class capability.

2. Actions:
To RAN5:
ACTION: RAN4 respectfully asks RAN2 to define new Rel-17 UE capability for that and release independent from Rel-15.

3. Date of Next TSG WG RAN4 Meetings:
TSG-RAN WG4 Meeting #101bis-e	17 - 25 Jan 2022         E-meeting
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is scheduled for single antenna-port PUSCH transmission by DCI
format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission, the requirements in clause 6.2.1
apply for the power class as indicated by the ue-PowerClass field in capability signalling.
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