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Introduction
To better manage the progress of TxD related issues, a new Rel-17 WI [1] with the following objectives was agreed in RAN#92:
UE Requirements for the feature Transparent Tx Diversity (TxD):
· Phase 1:
· Complete needed specification changes to such items as spectral flatness, MPR, EVM, ACLR for all power classes to enable UE to implement Transmit Diversity (TxD) [RAN4]
· The concluded agreements related to Tx Diversity (TxD) shall be followed
· [bookmark: _Hlk74916731]UE capability signalling of Transparent Tx Diversity (TxD) and allowing early implementation from Rel-15 [RAN2] 
· Phase 2:
· Specify, if necessary, changes to enable Transmit Diversity (TxD) capable UE to support SRS antenna switching and Uplink full power transmission (ULFPTx). [RAN4, RAN2]
· Leverage existing work for this feature done up to now. [RAN4, RAN2]
· A TP will be provided for TR including previous background and agreements documented in TR format in the first meeting
Note: Running CR is utilized to reflect the progress for phase 1 and phase 2. Phase 1 and phase 2 requirements can be studied in parallel, but phase 1 requirements have high priority to be finished firstly
Note: The relationship between transparent TxD requirements and requirements on ULFPTx and SRS switching can be discussed in phase 1. In particular it should be agreed during phase 1 whether the requirements to be derived during phase 2 for ULFPTx and SRS switching should apply regardless of TxD capability/requirements/behaviour or not.
Though this is a Rel-17 WI, however, all the listed issues have been discussed in RAN4 already, thus, this contribution provides further analysis for the remaining issues based on previous RAN4 discussion.
Discussion
During the discussion in RAN#92 on TxD WI proposal, the requirements are separated into two phases. In phase 1, only TxD self-completed requirements are considered, while in phase 2, some other features coupled with TxD would be studied. 
Phase 1 requirements
For the self-completed TxD requirements in phase 1, only MPR/A-MPR requirements are not finished yet. The requirements other than MPR/A-MPR are captured in the endorsed CR [] and the updated draft CR []. The latter one incorporated the newly agreed EVM equalizer requirement as well as some revisions of ambibuous wording, which can be consdiered as basis to complete the phase 1 TxD requriements.
MPR
PC2 MPR has been discussed extensively in previous RAN4 meetings. There were some new proposals in last meeting. Based on the available proposed MPR values, the table below lists the delta ranges on top of the existing PC2 MPR values.
Table 1: Maximum power reduction (MPR) for power class 2
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 3.5 
	≤ 0.5 
	0

	
	QPSK
	≤ 3.5 + [0~3]
	≤ 1 + [0~2.5] 
	0 + [0~1.5]

	
	16 QAM
	≤ 3.5 + [0~3]
	≤ 2 + [0~2.5]
	≤ 1 + [0~0.5]

	
	64 QAM
	≤ 3.5 + [0~3]
	≤ 2.5 + [0~2.0]

	
	256 QAM
	≤ 4.5 + [0~1]

	CP-OFDM
	QPSK
	≤ 3.5 + [0~3]
	≤ 3 + [0~2.5]
	≤ 1.5 + [0~1]

	
	16 QAM
	≤ 3.5 + [0~3]
	≤ 3 + [0~2.5]
	≤ 2 + [0~1.5]

	
	64 QAM
	≤ 3.5 + [0~2]

	
	256 QAM
	≤ 6.5 + [0~2]



During recent discussion, RAN4 agreed evaluation assumptions for PC2 MPR. We think that is one option which is suitable for the evaluation in the early stage. However, since the issue has been discussed such a long time, the evaluation could be done with mature implementation to check the margin accepted based on existing PC2 MPR requirement. As proposed for a long time from our side, we think the PC2 MPR values for dual Tx close to that for 1Tx is acceptable still with some margins. This is just one alternative evaluation option. But we agree with that the final values are consensus based, thus we are open to accept delta values in the proposed ranges. In our view, the delta value could be close to the lower bound of the range, and for 256QAM, the delta value could be close to the upper bound. 
Proposal 1: Except for high modulation schemes, it is proposed to adopt the delta MPR value close to the lower bound for the ranges. No delta value is needed for inner RB allocation for QPSK/16QAM. 
A-MPR
Usually A-MPR is band specific requirement rather than general requirement. RAN4 had agreement that same set MPR requirement is applicable for both UL MIMO and TxD. The principle can also be used for A-MPR requirement. 
Proposal 2: It is proposed that same set of A-MPR requirements for the same power class are applied for both UL MIMO and TxD
For PC3, the existing A-MPR can be used for operating bands which support UL MIMO.
For NR operating bands which support UL MIMO with request of PC2 and PC1.5, so far we only have bands n34, n39, n40, n41, n77, n78 and n79. For these bands, it was already agreed that there are no specific A-MPR issues for n34, n39, n40, n77, n78 and n79. And for n41, A-MPR can support both PC2 and PC1.5. 
Proposal 3: It is proposed that A-MPR requirements for bands supporting PC3 UL MIMO are also applicable for PC3 TxD
Proposal 4: It is proposed that if new A-MPR requirements are identified for bands supporting UL MIMO/TxD, the corresponding study should be carried in the existing Rel-17 WI NR bands for UL-MIMO
Phase 2 requirements
SRS antenna switching
A WF was agreed in last RAN4 meeting with the following aspects to be studied for SRS antenna switching related requirements: 
· Introduce PC1.5 to spec
· Explicit introduce TxD for SRS antenna switching IL, but how to harmonize with the current SRS conditions are FFS, and the exact IL values are FFS
· At least following PC2 UE architectures with TxD but without antenna virtualization for all antenna ports are to be analyzed in #100e
· 23PA+23PA
· 26PA+23PA
· 26PA+26PA
· At least 1T2R, 1T4R, 2T4R and 1T4R/2T4R srs-TxSwitch are to be analyzed in #100e
For PC1.5, since the UE implementation is based on 26+26dBm, which means TxD is always utilized for PC 1.5 to reach 29dBm output power. Thus PC1.5 can be considered together with handling of TxD for SRS antenna switching issue. 
During the GTW discussion, it was agreed that SRS antenna switching which was targeted for DL CSI would not use UL antenna virtualization. In other words, unlike in the current specification, delta SRS is applicable for other Rx antenna connectors, the delta value should be applied for all antenna connectors if the TxD capability is indicated.
Proposal 5: PC1.5 should be considered together with TxD implementation for SRS antenna switching.
Proposal 6: For UE indicates TxD capability, delta SRS is applicable for all antenna connectors at least for 1T2R, 1T4R and 1T4R/2T4R.
ULFPTx
One of phase 2 issues is how to handle relation of uplink full power transmission (ULFPTx) with transparent TxD. The description of single port transmission and applicable requirements in the current specification is excerpted as below:
If UE 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.
The difference in clause 6.2.1 and that in clause 6.2G.1 in the endorsed CR for TxD is whether the max output power can be reached via single antenna connector or by summation of the power at two antenna connectors. For a UE supporting UL MIMO but not ULFPTx, e.g. a Rel-15 UE, it cannot differentiate the possible implementation for UE indicating TxD capability, therefore, for this kind of UE, the requirements should be redirect to clause 6.2G.1.
Regarding ULFPTx, since the capability is explicitly indicated via Rel-16 signalling, some of the modes could utilize two PAs to reach the full power transmission with TxD, which should revise the current requirement description to refer to the TxD clause for MOP. During the discussion, there is no ambiguity for ULFPTx Mode 1 to have the redirection of referred requirement. While for Mode 2, though most likely the implementation is that one PA could reach the max output power, but as clarified in the reply LS from RAN1, it does not exclude the possibility that TxD is adopted to virtualize 2 Tx to single port transmission [ ]. Therefore, the possible case could be Mode-full power to apply the MOP requirement specified in clause 6.2.1.
Observation 1: The description of single port transmission in the spec include cases for both Rel-15 and Rel-16, i.e. the case UE supporting UL MIMO but not ULFPTs is also included.
Observation 2: ULFPTx Mode 1 and Mode 2 could utilize TxD to reach the full power transmission.
Proposal 7: It is proposed to redirect the applicable requirements for single antenna-port PUSCH transmission for some cases in UL MIMO clause to TxD specific clause, which include UE supporting UL MIMO but not ULFPTx and ULFPTx Mode 1 and Mode 2.

Capability signaling
There were some discussion in RAN#92 for the capability signaling issue. One option is to design the signaling affiliated to the Rel-17 WI, which means the capability is introduced in Rel-17, and the signaling is only applicable after the Rel-17 ASN.1 is frozen though early implementation could be applied to the Rel-15 and Rel-16 UE according to the previous discussion and agreement in RAN4. 
The other option is to continue the signaling design in Rel-16 triggered by RAN4 LS to RAN2 with further clarification in RAN4#99e meeting, i.e. the capability signalling applies for all Power Classes for both Rel-15 and Rel-16. Then without waiting for the frozen of ASN.1 in Rel-17, transparent TxD can be supported after phase 1 requirements are finished with signalling specified in Rel-16.
In our opinion, the TxD issue is not a new one emerged in Rel-17, and it has impacts to UE implementation for Rel-15 and Rel-16, therefore, there is no need to wait for Rel-17 ASN.1 to be frozen. Specifically, it also affirmed in the WID that the concluded agreements related to Tx Diversity (TxD) shall be followed. So we prefer to continue the Rel-16 TxD signalling design in RAN2. 
[bookmark: OLE_LINK8]Proposal 8: It is proposed to continue the Rel-16 TxD capability signalling design in RAN2, and reply to RAN2 with the clarification agreement in RAN4#99e that the capability signalling applies for all Power Classes for both Rel-15 and Rel-16. 
Release independent
To align with early implementation of TxD capability signaling for Rel-15 and Rel-16, the other issue to be considered is handling the TxD requirements in a release independent manner. 
Revisions to TS 38.307 is needed to enable release independent manner for transparent TxD. According to the existing structure of TS 38.307, at least the following clauses should be revised due to TxD.
[bookmark: _Toc60857172][bookmark: _Toc60857243][bookmark: _Toc61185243][bookmark: _Toc61185323][bookmark: _Toc61185371][bookmark: _Toc66390475][bookmark: _Toc66390577][bookmark: _Toc68701987][bookmark: _Toc68702474][bookmark: _Toc68702592][bookmark: _Toc68702697][bookmark: _Toc68702776][bookmark: _Toc74643112][bookmark: _Toc76540676]5.4	Other release independent features for NR frequency range 1
Transparent TxD as a new feature should be added in table 5.4.1 with indication of release independent from Rel-15. Requirements to be fulfilled refers to clause B.4.
B.4	 Common UE RF requirements
A sub-clause of common UE RF requirements for transparent TxD should be added to list all necessary requirements enabling TxD.
A draft CR is provide for TS 38.307 in [13].

Conclusion
This contribution provides further consideration on remaining issues for transparent TxD for the newly approved WI.
Proposal 1: Except for high modulation schemes, it is proposed to adopt the delta MPR value close to the lower bound for the ranges. No delta value is needed for inner RB allocation for QPSK/16QAM. 
Proposal 2: It is proposed that same set of A-MPR requirements for the same power class are applied for both UL MIMO and TxD
Proposal 3: It is proposed that A-MPR requirements for bands supporting PC3 UL MIMO are also applicable for PC3 TxD
Proposal 4: It is proposed that if new A-MPR requirements are identified for bands supporting UL MIMO/TxD, the corresponding study should be carried in the existing Rel-17 WI NR bands for UL-MIMO
Proposal 5: PC1.5 should be considered together with TxD implementation for SRS antenna switching.
Proposal 6: For UE indicates TxD capability, delta SRS is applicable for all antenna connectors at least for 1T2R, 1T4R and 1T4R/2T4R.
Observation 1: The description of single port transmission in the spec include cases for both Rel-15 and Rel-16, i.e. the case UE supporting UL MIMO but not ULFPTs is also included.
Observation 2: ULFPTx Mode 1 and Mode 2 could utilize TxD to reach the full power transmission.
Proposal 7: It is proposed to redirect the applicable requirements for single antenna-port PUSCH transmission for some cases in UL MIMO clause to TxD specific clause, which include UE supporting UL MIMO but not ULFPTx and ULFPTx Mode 1 and Mode 2.
Proposal 8: It is proposed to continue the Rel-16 TxD capability signalling design in RAN2, and reply to RAN2 with the clarification agreement in RAN4#99e that the capability signalling applies for all Power Classes for both Rel-15 and Rel-16. 
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