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Introduction
Briefly introduce background, the scope of this email discussion and provide some guidelines for email discussion if necessary.
In Rel-16 work item enhancements on MIMO for NR, the following features are identified for potential RAN4 RF core requirement impact, which are listed as objectives in WID [RP-192271], while RAN plenary further decided that the target of requirements for the reduced PAPR pi/2-BPSK DMRS shall be limited in FR1 [RP-20047], as follows:
	-	Specify core requirements associated with the items specified by RAN1 [RAN4]
· Identify impact on RF requirements for the reduced PAPR pi/2-BPSK DMRS for FR1 and, if needed, specify RF requirements 
· Identify impact on RF requirements for the uplink full power transmission and, if needed, specify RF requirements 


 For the reduced PAPR pi/2-BPSK DMRS, WF on MPR assumptions was email approved in RAN4#93, as R4-1916209, for triggering MPR evaluation on waveforms with pi/2 BPSK data and pi/2 DMRS for both FR1 and FR2. In RAN4#94-e, companies provided evaluation results and analysis but no agreement achieved on the necessity and values for enhanced MPR requirement, while it is the group’s common understanding that RAN4 will further discuss and analyse based on existing WF. In RAN4#94-bis-e, RAN4 agree to limit study to IE powerBoostPi2BPSK set to 0 and further evaluate the possibility of MPR enhancement for the new waveform configuration [R4-2005651]. 
For the UL full power transmission (ULFPTx) feature, WF was approved in RAN4#94-bis-e, as R4-2005652, in which various aspects for defining corresponding RF requirements are listed for further discussion, including: 
· Transparent Tx Diversity (TxD) in Rel-16 and clarification;
· New power class capability;
· General scope and assumption, test configuration and requirement for UL full power transmission.
List of candidate target of email discussion for 1st round and 2nd round 
· 1st round: TBA
· 2nd round: TBA
As the rapporteur for eMIMO WI, we would like to suggest the following candidate target of 1st and 2nd round email discussion: 
· 1st round: Collect more views on all topics, and to achieve agreement for topics without divergence. 
· 2nd round: Based on results from 1st round, proceed as much as possible and complete WI. 

Topic #1: DMRS enhancement with Pi/2 BPSK
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2006494
	Nokia
	FR1: We can observe that 
•	More output power is available when amount of shaping is increased but it is not certain that this manifests as increased bitrate in base station receiver as spectrum starts to heavily distorted especially in case of shaping w/ [-0.3 1 0.3].
•	Up to 3 dB more power could be achieved compared current MPR scheme (no power boosting assumed) for all three scenarios
•	Even in case of no shaping inner allocation output power could be increased 2.5-3 dB.
FR2: We can observe that 
•	Up to 1.5 dB more power could be achieved compared current MPR scheme however this is mostly due to relaxed specification not new DMRS
•	Number of waveforms capable of achieving this 1.5 dB improvement in output power is increased when shaping is increased but it is not certain that this manifests as increased bitrate in base station receiver as spectrum starts to heavily distorted especially in case of shaping w/ [-0.3 1 0.3].

	R4-2006822
	Qualcomm Incorporated
	Observation 1: A UE is not required to meet pi/2 BPSK performance requirements with all possible filter coefficient sets. 
Proposal 1: Set PC3 MPR values for Pi/2 BPSK with  Pi/2 BPSK DMRS waveforms in table1 with IE powerBoostPi2BPSK=1 to the corresponding Pi/2 BPSK with  Pi/2 BPSK DMRS PC2 waveform values given in table 2.
Proposal 2: The MPR for edge, outer and inner RB allocations for Pi/2 BPSK with  Pi/2 BPSK DMRS waveforms for FR1 PC3 operation are as indicated in table 1
Proposal 3: The MPR for edge, outer and inner RB allocations for Pi/2 BPSK with  Pi/2 BPSK DMRS waveforms for FR1 PC2 operation are as indicated in table 2

	R4-2008216
	Huawei, HiSilicon
	Observation 1: PAPR improvement for DMRS sequence only occurs with condition that FDSS is utilized
Observation 2: The benefit of lower PAPR was already reflected by power boost functionality for Pi/2 BPSK defined in Rel-15.
Observation 3: For IE powerBoostPi2BPSK is set to 0, the EVM equalizer spectrum flatness requirement is not relaxed to accommodate the FDSS implementation for both data and DMRS sequence. 
Observation 4: For IE powerBoostPi2BPSK setting to 0, no requirements impact is identified for Pi/2 BPSK based DMRS in Rel-16.   
Proposal: No RF requirements should be specified for pi/2 BPSK DMRS in Rel-16.



Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 1-1: FR1 MPR Improvement
Sub-topic description:
Open issues and candidate options before e-meeting:
Issue 1-1-1: FR1 MPR enhancement for new waveform configuration (pi/2 BPSK DMRS with pi/2 BPSK data) compared with MPR0, for powerBoostPi2BPSK setting to 0:
· Observations:
· Observation 1 (Huawei): PAPR improvement for DMRS sequence only occurs with condition that frequency domain spectrum shaping (FDSS) is utilized, while FDSS is not a mandatory feature.  
· Observation 2 (Qualcomm): For this PBD waveform the output power is approximately 0.45dB more than for the FR1 reference waveform at MPR0. 
· Observation 3 (Nokia): Up to 3 dB more power could be achieved compared current MPR scheme (no power boosting assumed) for all three scenarios. Even in case of no shaping inner allocation output power could be increased 2.5-3 dB.
· Recommended WF
· Companies’ views are collected in 1st round discussion. 

Issue 1-1-2: MPR requirement impact for Rel-16 Pi/2 BPSK DMRS if IE powerBoostPi2BPSK = 0 for PC3
· Proposals
· Proposal 1 (Huawei): No requirements impact is identified for Pi/2 BPSK based DMRS in Rel-16.
· Proposal 2 (Qualcomm): New requirement needed:
· For this PBD waveform an MPR=0 is feasible for edge, outer and inner allocations. 
· Recommended WF
· Companies’ views are collected in 1st round discussion. 

Issue 1-1-3: The necessity of new MPR requirement for Rel-16 Pi/2 BPSK DMRS if IE powerBoostPi2BPSK = 0 for PC2 and IE powerBoostPi2BPSK = 1 for PC3
· Proposals
· Proposal 1 (Huawei): No new requirement:
· because the group already decided that the study is focused on powerBoostPi2BPSK = 0
· Proposal 2 (Qualcomm): New requirement needed:
· MPR enhancement observed and new MPR requirement: 
· edge allocation MPR reduced by 2.5dB to 1.0dB, and 
· outer/inner allocation set to 0dB. 
· Recommended WF
· Companies’ views are collected in 1st round discussion. 

Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	Intel
	Sub topic 1-1: 
Issue 1-1-1: FR1 MPR enhancement for new waveform configuration (pi/2 BPSK DMRS with pi/2 BPSK data) compared with MPR0, for powerBoostPi2BPSK setting to 0:
Intel observed with powerBoostPi2BPSK = 0 with FDSS, the MPR can be improved by ~0.5dB for outer and edge allocations. Inner has already 0dB MPR.
Issue 1-1-2: MPR requirement impact for Rel-16 Pi/2 BPSK DMRS if IE powerBoostPi2BPSK = 0
Intel observed with powerBoostPi2BPSK = 0 with FDSS, the MPR can be improved by ~0.5dB for outer and edge allocations. Inner has already 0dB MPR.
Issue 1-1-3: The necessity of new MPR requirement for Rel-16 Pi/2 BPSK DMRS if IE powerBoostPi2BPSK = 1
Proposal 1. Follow WF, no consideration of powerBoostPi2BPSK = 1


	Huawei
	Issue 1-1-1: FR1 MPR enhancement for new waveform configuration (pi/2 BPSK DMRS with pi/2 BPSK data) compared with MPR0, for powerBoostPi2BPSK setting to 0:
PAPR reduction is based on the condition of utilizing FDSS, however, FDSS is not mandatory, which is already used to boost the power for IE powerBoostPi2BPSK =1. Furthermore, without indication of the powerBoostPi2BPSK, while using FDSS to reduce the PAPR, it means the EVM spectrum flatness requirement is tightened significantly.
Issue 1-1-2: MPR requirement impact for Rel-16 Pi/2 BPSK DMRS if IE powerBoostPi2BPSK = 0
Based on the discussion so far, we don’t think that in Rel-16 we can reach consensus to identify the necessary changes to the existing requirements.
Issue 1-1-3: The necessity of new MPR requirement for Rel-16 Pi/2 BPSK DMRS if IE powerBoostPi2BPSK = 1
The agreed WF in RAN4#94-e-bis already excluded the case of powerBoostPi2BPSK = 1


	Qualcomm
	Issue 1-1-1: Our understanding is that shaping is not precluded from pi/2 BPSK, including for Rel-16. The spectrum flatness allowance for shaping (see 6.4.2.4.1 in TS38.101-1) have to be extended to the new waveform also in order to not preclude use of shaping. We will bring a CR in the next mtg to show complete standards treatment. We are ok with this feature being optional, but we think this feature has tangible network benefit, especially for PC2.
Issue 1-1-2: If spectrum shaping is employed properly by the UE we do not see a problem with MPR reductions for both PC2 and PC3, relative to Rel-15 Pi/2 BPSK. This has been demonstrated by multiple companies for PC3, and we have extended the same study to PC2. 
Issue 1-1-3: We may need to address IE powerBoostPi2BPSK = 1 to maintain consistency with PC2 MPR for REL-16 pi/2 BPSK with pi/2 BPSK DMRS. The IE powerBoostPi2BPSK = 1 capability was originally introduced based on inherent PC2 capability of the UE, and is consequently limited to PC2 bands (n40 added by special consideration). See R4-1811019

	Nokia
	Issue 1-1-1: FR1 MPR enhancement for new waveform configuration (pi/2 BPSK DMRS with pi/2 BPSK data) compared with MPR0, for powerBoostPi2BPSK setting to 0:
Based on the simulation results presented we observed that pi/2 DMRS has a diminishing effect for the needed MPR compared against the Zhadoff-Chu DMRS. This is a more direct measure of needed MPR than the PAPR results presented in R4-2008216. Furthermore, the results presented in R4-2008216 show a 0.5 – 1.0 dB decrease in PAPR when adopting pi/2 DMRS, even without spectrum shaping, and considering the CDF range of 10-1 – 10-3. 
Issue 1-1-2: MPR requirement impact for Rel-16 Pi/2 BPSK DMRS if IE powerBoostPi2BPSK = 0
Based on above comments related to Issue 1-1-1, we disagree with Proposal 1, supporting Proposal 2.
Issue 1-1-3: The necessity of new MPR requirement for Rel-16 Pi/2 BPSK DMRS if IE powerBoostPi2BPSK = 1
Based on above comments related to Issue 1-1-1, we disagree with Proposal 1, supporting Proposal 2.


 
CRs/TPs comments collection
Major close to finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
[Moderator] N/A since no CRs/TPs submitted. 

Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic#1-1
	Issue 1-1-1: FR1 MPR enhancement for new waveform configuration (pi/2 BPSK DMRS with pi/2 BPSK data) compared with MPR0, for powerBoostPi2BPSK setting to 0:
· The following observations are provided: 
· Observation 1 (Huawei): PAPR improvement for DMRS sequence only occurs with condition that frequency domain spectrum shaping (FDSS) is utilized, while FDSS is not a mandatory feature.  
· Observation 2 (Qualcomm): For this PBD waveform the output power is approximately 0.45dB more than for the FR1 reference waveform at MPR0. 
· Observation 3 (Nokia): Up to 3 dB more power could be achieved compared current MPR scheme (no power boosting assumed) for all three scenarios. Even in case of no shaping inner allocation output power could be increased 2.5-3 dB. Furthermore, the results presented in R4-2008216 show a 0.5 – 1.0 dB decrease in PAPR when adopting pi/2 DMRS, even without spectrum shaping, and considering the CDF range of 10-1 – 10-3.
· Observation 4 (Intel): with powerBoostPi2BPSK = 0 with FDSS, the MPR can be improved by ~0.5dB for outer and edge allocations. Inner has already 0dB MPR. 
Tentative agreements: N/A
Candidate options: N/A
Recommendations for 2nd round:
· Further discuss on FR1 MPR enhancement for new waveform configuration (pi/2 BPSK DMRS with pi/2 BPSK data) compared with MPR0, for powerBoostPi2BPSK setting to 0. 

	
	Issue 1-1-2: MPR requirement impact for Rel-16 Pi/2 BPSK DMRS if IE powerBoostPi2BPSK = 0 for PC3
· The following proposals are provided: 
· Proposal 1 (Huawei): No requirements impact is identified for Pi/2 BPSK based DMRS in Rel-16.
· Proposal 2 (Qualcomm, Nokia, Intel): New requirement needed:
· For this PBD waveform an MPR=0 is feasible for edge, outer and inner allocations. 
Tentative agreements: N/A
Candidate options: N/A
Recommendations for 2nd round:
· Further discussion is needed.

	
	Issue 1-1-3: The necessity of new MPR requirement for Rel-16 Pi/2 BPSK DMRS if IE powerBoostPi2BPSK = 0 for PC2 and IE powerBoostPi2BPSK = 1 for PC3
· The following proposals are provided: 
· Proposal 1 (Huawei, Intel): No new requirement:
· because the group already decided that the study is focused on powerBoostPi2BPSK = 0
· Proposal 2 (Qualcomm, Nokia): New requirement needed:
· MPR enhancement observed and new MPR requirement: 
· edge allocation MPR reduced by 2.5dB to 1.0dB, and 
· outer/inner allocation set to 0dB. 
Tentative agreements: N/A
Candidate options: N/A
Recommendations for 2nd round:
· Further discussion is needed.



Recommendations on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	#1
	WF on MPR with Pi/2 BPSK DMRS
	Qualcomm





CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”


[Moderator] N/A since no CRs/TPs submitted. 

Discussion on 2nd round (if applicable)

Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”




Topic #2: Uplink Full Power Transmission
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2006345
	Apple
	Proposal 1: We don’t think a power class definition should be used to close the Tx diversity ambiguity. Other signalling options like modified MPR bits should be considered.
Proposal 2: UE should not be allowed to autonomously fall to PC3 if it signals PC2 capability.
Proposal 3: Reverse inter-modulation and antenna isolation should be considered if relaxation is defined.
Proposal 4: Relaxations through special MPR should only be introduced with additional signalling. E.g. by using modified MPR bits.

	R4-2006367
	Samsung
	Observation 1: If Rel-15 peak EIRP and spherical coverage requirement has already been verified, 
- For ULFPTx Mode-1 capable UE, TPMI2 (in layer-1 and 2TX codebook) become usable for non-coherent UL TX UE, which could be used to achieve maximum output power.   
- For ULFPTx Mode-2 and the other mode capable UE, the UE-capable full-power transmission codebook for TPMI0 and/or TPMI1 (in layer-1 and 2TX codebook) become usable to achieve maximum output power.   
Proposal 1: RAN4 should allow ULFPTX feature to be used in FR2. 
Observation 3: From RAN4 perspective, there is not of necessity to introduce new UE feature for ULFPTx to differentiate UE’s PC capability for different transmission mode.
Proposal 2: RAN4 don’t need to introduce additional UE feature for eMIMO ULFPTx, with the fact that necessary UE feature has already been introduced by RAN1.   

	R4-2006368
	Samsung
	CR to TS38.101-1 on introduction of Uplink Full Power Transmission

	R4-2006369
	Samsung
	CR to TS38.101-2 on introduction of Uplink Full Power Transmission

	R4-2007051
	Ericsson
	In this brief contribution we present a possible specification structure for the full-power transmission (FP modes)

	R4-2008048
	Qualcomm
	Observation: WF did agree explicit requirements when UE is configured for single port transmissions for mode 1 UE when none of the PA’s have full power capability.
Proposal 1: UE is mandated to produce declared full port when it is configured for single SRS port. 
Proposal 2: Transparent tx diversity is not assumed to be activated when UE is configured for two SRS ports for FR1.   

	R4-2008050
	Qualcomm
	draft CR to TS38.101-1 to enable FPULTX

	R4-2008217
	Huawei, HiSilicon
	Observation 1: For scenario 2 on clarification of transparent TxD, since UE with two non-full power branches is not excluded as it is up to UE implementation, thus transparent TxD is allowed for UE scheduled with precoder [1 0] or [0 1] for full power transmission.
Observation 2: With existing clarifications on test configurations on the full power transmission modes, the remaining work is left to RAN5 to pick up appropriate configurations for the test cases.
Proposal 1: No limitation on applicability of transparent TxD for UE supporting or not full power transmission
Proposal 2: Unwanted emissions for full power transmission is per UE level defined, which should be considered together with the changes in Rel-15 spec.
Proposal 3: New MOP requirements shall be defined for different modes supporting full power transmission, and the corresponding TPMIs shall be specified.

	R4-2008218
	Huawei, HiSilicon
	draft CR for TS 38.101-1 eMIMO full power transmission

	R4-2006779
	Qualcomm
	CR to TS38.101-2 to clarify UE SRS port configuration for UL tests



Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 2-1: ULFPTx in FR2
Sub-topic description:
Open issues and candidate options before e-meeting:
Issue 2-1-1: ULFPTX feature in FR2
· Proposals: 
· Option 1 (Samsung): RAN4 should allow ULFPTX feature to be used in FR2, because of following observations:
· For ULFPTx Mode-1 capable FR2 UE, TPMI2 (in layer-1 and 2TX codebook) become usable for non-coherent UL TX UE, which could be used to achieve maximum output power.   
· For ULFPTx Mode-2 and the other mode capable FR2 UE, the UE-capable full-power transmission codebook for TPMI0 and/or TPMI1 (in layer-1 and 2TX codebook) become usable to achieve maximum output power.   
· Recommended WF
· Companies’ views are collected in 1st round discussion. 

Sub-topic 2-2: ULFPTx in FR1
Sub-topic description 
Open issues and candidate options before e-meeting:
Issue 2-2-1: UE declaring Mode 1 support requirements with DCI 0_0 or single SRS port with DCI 0_1:
· Proposals: 
· Proposal 1 (Qualcomm): For UE declaring Mode 1 support requirements with DCI 0_0 or single SRS port with DCI 0_1, UE is mandated to produce declared full port when it is configured for single SRS port
· Recommended WF
· [Moderator] From our understanding, P1 is already contained in agreement, i.e., “From Rel-16 and beyond, SA UE declaring PC2 HPUE shall have 26dBm MOP for both 1TX port transmission and 2TX UL-MIMO (if supported)” [R4-2005652]. However, considering the sub-bullet in WF contains TBD, maybe it is beneficial this understanding can be further clarified with P1. Suggest RAN4 capture P1 as agreement, or confirm it is common understanding on previous agreement.  

Issue 2-2-2: Transparent TxD allowed or not allowed for TPMI’s [1 0] and [0 1]:
· Proposals: 
· Option 1 (Qualcomm): For UE declaring Mode 2 support requirements with TPMI’s [1 0] and [0 1], Transparent tx diversity is not assumed to be activated when UE is configured for two SRS ports for FR1. 
· Option 2 (Huawei): For scenario 2 on clarification of transparent TxD, since UE with two non-full power branches is not excluded as it is up to UE implementation, thus transparent TxD is allowed for UE scheduled with precoder [1 0] or [0 1] for full power transmission.
· Recommended WF
· Companies’ views are collected in 1st round discussion. 

Issue 2-2-3: Transparent TxD’s applicability for UEs supporting or not supporting ULFPTx in Rel-16
· Background: When WF [R4-2005652] is approved in RAN4#94-bis-e, the following agreement is also captured in Chairman notes as below. With that, the issue should already be fully clarified in RAN4#94-bis-e. 
	[bookmark: _Hlk39165311]R4-2005652           WF on Uplink Full Power Transmission
					Type: others		For: Approval
					Source: Samsung
Discussion: 
Agreement:
The applicability of Transparent TxD is NOT related to UE supporting or not supporting Rel-16 ULFPTx.

Decision:		Approved.


· Proposals: 
· Proposal 1 (Huawei): No limitation on applicability of transparent TxD for UE supporting or not full power transmission. 
· Recommended WF
· As mentioned in background part, RAN4#94-bis-e chairman notes already capture the agreement to confirm P1. If companies have no other view on above agreement, we can directly follow last meeting’s agreement, while no need to confirm P1 here. 
Sub-topic 2-3: RAN4 UE Feature for ULFPTx
Sub-topic description 
Open issues and candidate options before e-meeting:
Issue 2-3-1: Necessity of new RAN4 UE feature for ULFPTx
· Proposals: 
· Option 1 (Samsung): RAN4 don’t need to introduce additional UE feature for eMIMO ULFPTx, because the needed UE features have already been introduced or discussed by RAN1.
· Recommended WF
· Companies’ views are collected in 1st round discussion.

Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	Intel
	Sub topic 2-1: 
Issue 2-1-1: ULFPTX feature in FR2
For mode 1 in FR2, general requirements (1 port SRS) and UL-MIMO (2 port SRS) share the same MOP.  We think ULFPTX for mode 1 has been enabled in FR2.
For mode-2, the question is if mode-2 is a practical design in FR2 that two ports (two polarizations) are designed in imbalanced power capacity.
Sub topic 2-2:
Issue 2-2-1: UE declaring Mode 1 support requirements with DCI 0_0 or single SRS port with DCI 0_1:
Agree with Samsung’s view
Issue 2-2-2: Transparent TxD allowed or not allowed for TPMI’s [1 0] and [0 1]:
Option 1. Since we have assumed only two antenna connectors in UE implementation, we don’t think TxD can be done with TPMI [1,0] and [0,1].
Sub topic 2-3:
Issue 2-3-1: Necessity of new RAN4 UE feature for ULFPTx
Agree with moderator’s view of no new additional features about ULFPTx. But RAN4 needs to decide whether ULFPTx is an optional or mandatory RAN4 feature. 



	OPPO
	Issue 2-1-1: ULFPTX feature in FR2
In our understanding, Mode-1 is a valid implementation, i.e. equal and vertical polarization have same output power. In single antenna port mode, TxD actually is used to achieve full power, and in ULFPTX which is 2 ports with one layer different from single antenna port mode. Therefore should be considered here.
Mode-2 seems weird for FR2, not foreseen such kind of implementation. If chipset vendors confirm such kind of implementation, then we are fine to keep it.
Issue 2-2-1: UE declaring Mode 1 support requirements with DCI 0_0 or single SRS port with DCI 0_1:
The proposal 1 is ambiguous, mode 1 is UE configured with two ports with one layer, how come it can be realized by DCI 0_0 or single SRS port with DCI 0_1? The already agreed WF says clearly enough on the MOP as moderator commented.
Issue 2-2-2: Transparent TxD allowed or not allowed for TPMI’s [1 0] and [0 1]:
Slightly prefer Option 2, in our understanding this is UE implementation issue that why we prefer option 2, but from spec definition perspective this will introduce complexity. But if it is agreed that the max antenna connector is 2 in ULFPTX then we do not see there is fundamental issue in supporting TxD under mode 2. 
And not sure how to interpret the already agree WF on transparent TxD, since in the WF it says “The scheduled precoder [1 0] or [0 1] in Scenario-2 is not regarded as “transparent TxD” for two antenna connector implementation”, while there is one open issue below “In Scenario-2, can “transparent TxD” be applied to non-zero power 1 TX in precoder [1 0] or [0 1]?”.
Issue 2-2-3: Transparent TxD’s applicability for UEs supporting or not supporting ULFPTx in Rel-16
Agree with the recommended WF.
Issue 2-3-1: Necessity of new RAN4 UE feature for ULFPTx
Agree with Option 1 and it should be optional feature.

	Huawei
	Issue 2-1-1: ULFPTX feature in FR2
If ULFPTX is also supported for FR2, we think only mode 1 should be considered with [1 1] codebook. 
Issue 2-2-1: UE declaring Mode 1 support requirements with DCI 0_0 or single SRS port with DCI 0_1:
Prefer to confirm the previous agreement in the WF (R4-2005652).
Issue 2-2-2: Transparent TxD allowed or not allowed for TPMI’s [1 0] and [0 1]:
Option 2. The transparent TxD is up to UE implementation and it is transparent to the network, in that sense, we see no reason to exclude transparent TxD implementation for TPMI’s [1 0] and [0 1] in Mode 2.
Issue 2-2-3: Transparent TxD’s applicability for UEs supporting or not supporting ULFPTx in Rel-16
Agree with the recommended WF.
Issue 2-3-1: Necessity of new RAN4 UE feature for ULFPTx
Agree with Option 1.

	Samsung
	Issue 2-1-1: ULFPTX feature in FR2
For Rel-15 UE behaviour, UE should pass general requirements (1 port SRS) and UL-MIMO (2 port SRS). As one of the requirements, the minimum peak EIRP requirement should already be met for Rel-16 UE supporting or not support Mode-1 ULFPTx. However, for general requirements, transparent Tx diversity is not necessarily used from Rel-15 test procedure/requirement, if UE can achive the minimum EIRP requirement by using one polarization. To enable ULFPTx-Mode-1, UE can be explicitly scheduled by two polarization transmission for one layer, which should be similar to MOP for 2 layer UL-MIMO transmission, but we can’t see the reason to exclude this UE behaviour just because UE can pass MOP requirement for general requirement (1 SRS port) already.   
For Mode-2 UE, agree with Intel and OPPO’s observation that it is not aligned with current FR2 implementation. However, considering mode-2 is optional feature, it is not harmful we define requirement for FR2 UE which supports Mode-2, but it is totally UE’s choice to support or not support Mode-2. In other words, seems we don’t need to exclude it from the spec.  
Issue 2-2-1: UE declaring Mode 1 support requirements with DCI 0_0 or single SRS port with DCI 0_1:
Seems when I reformat QC’s proposal 1 from R4-2008048, it cause some problem for just copying QC’s section 2.2 title “2.2. UE declaring Mode 1 support requires with DCI 0_0 or single SRS port with DCI_0_1”. A better proposal could be: 
· Proposal: “For Mode-1 support UE, UE is mandated to produce declared full port when it is configured for single SRS port (either with DCI_0_0 or single SRS port with DCI_0_1)”. 
But technically, I think the proposal should already be covered by previous RAN4 agreement “From Rel-16 and beyond, SA UE declaring PC2 HPUE shall have 26dBm MOP for both 1TX port transmission and 2TX UL-MIMO (if supported)”, or at least should be RAN4 common understanding. Here we can reconfirm that. 
Issue 2-2-2: Transparent TxD allowed or not allowed for TPMI’s [1 0] and [0 1]:
We prefer to have maximum antenna connector number limited to 2, so option 1 is preferred. 
To response OPPO’s comment, our understanding on WF is: (1) the precoder [1 0] or [0 1] is not “regarded” as transparent TxD. Before this agreement, some company claim this kind of antenna selection is also a way to achieve diversity, but the problem is it is not “transparent” TxD to gNB. (2) WF still keep it FFS for “In Scenario-2, can “transparent TxD” be applied to non-zero power 1 TX in precoder [1 0] or [0 1]?”, and this question is related to option 1 and 2 discussed in Issue 2-2-2 here. 
Issue 2-2-3: Transparent TxD’s applicability for UEs supporting or not supporting ULFPTx in Rel-16
Directly follow last meeting’s agreement, while no need to confirm P1 here.
Issue 2-3-1: Necessity of new RAN4 UE feature for ULFPTx
Option 1 as company propose it.

	Qualcomm
	Issue 2-1-1: We have a CR R4-2006779 that shows possible treatment for FR2. Mode 2 is indeed possible for FR2 UEs. In fact, all Rel-15 implementations that rely on two Tx chains and polarization diversity use mode2-like capability if they are capable of full power when configured for TPMI [1 0] or [0 1]
Issue 2-2-1: We would like to confirm this proposal as moderator indicates, the agreements are not in place for the mode 1 UE behavior in single port transmissions. PA Cap 2 or 3 would have a different behavior in mode 1. Making this agreement mandates 23+23 UE to implement tx diversity for PC2. 
Issue 2-2-2: We would like to keep the number of antenna ports to 2. And to comments on “transparent” tx diversity. This was ran1 agreement and we have concluded that tx diversity can not be transparent from ran4 or ran5 point of view so we can not work based on that premise with ran4 requirements. Prefer proposal 1. 
Issue 2-2-3: We definitely respect the agreement, however, we still need to understand when and where tx div is applied. As discussed in issue 2-2-1, agreement is that UE “is allowed” but is UE mandated or not is still open since FPULTx is supposed to enable full power for modes that UE declares the full power support but how to declare or not to declare full power with single tx port modes.
Issue 2-3-1:  No need to introduce ran 4 feature fur ULFPTx. This maybe open for tx d. 

	LG Electronics
	Issue 2-2-1: UE declaring Mode 1 support requirements with DCI 0_0 or single SRS port with DCI 0_1:
LGE also thinks that the previous RAN4 agreement can cover the proposal 1.
Issue 2-2-2: Transparent TxD allowed or not allowed for TPMI’s [1 0] and [0 1]:
In our view, RAN4 first clarifies whether the TPMI’s [1 0] and [0 1] should be applied to antenna connectors or ports (up to 2).
Issue 2-3-1: Necessity of new RAN4 UE feature for ULFPTx
Option 1.

	Vivo
	Issue 2-1-1: ULFPTX feature in FR2
Can accept FR2 implementation for both Mode 1 and Mode 2.
Issue 2-2-1: UE declaring Mode 1 support requirements with DCI 0_0 or single SRS port with DCI 0_1:
Agree with moderator’s view that this proposal is already covered. 
Issue 2-2-2: Transparent TxD allowed or not allowed for TPMI’s [1 0] and [0 1]:
Based on RAN1’s intention on TPMI design and Rel-16 status of 2Tx maximum, we slightly prefer Option 1. We can also understand there may be some need for more flexibility, but do not  have a clear view of possible implementation for option 2. 
Issue 2-2-3: Transparent TxD’s applicability for UEs supporting or not supporting ULFPTx in Rel-16
Agree with moderator’s recommendation.
Issue 2-3-1: Necessity of new RAN4 UE feature for ULFPTx
Option 1.

	Ericsson 
	Sub-topic 2-1
Issue 2-1-1: we support the proposal 
Sub-topic 2-2
Issue 2-2-1: we support Proposal 1.
Issue 2-2-2: Option 1
Issue 2-2-3: transparent TxD is an integral part of ULFPTx, e.g. requirements according to the advertised power class must be met for single-port PUSCH transmissions. If ULFPTx is not configured in PUSCH-Config, then ‘Rel-15 behaviour’ and the corresponding requirements apply. How to cover single-port transmissions of other channels e.g. PUCCH should be considered but requires more study.
Sub-topic 2-3
Issue 2-3-1: no need to introduce a new UE feature in RAN4.


 
CRs/TPs comments collection
Major close to finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	R4-2007051
(Ericsson TP to TS38.101-1on ULFPTx)
	Intel: 
It is not clear what ue-PowerClass represent when ULFPTx enabled?
In this CR, ue-PowerClass seems to define UL full power power class.  But in Ericsson proposed UL-MIMO, ue-powerClass is a single Tx (the lowest power class)

	
	OPPO:
The paragraph introduced in 6.2.1 MOP is redundant in our view. The requirements in 6.2.1 will be applied automatically to all UEs and be tested for all UEs no matter whether it supports ULFPTx or not, that’s why in the WF R4-2005652 it clearly says “ULFPTx MOP requirement in this case can be guaranteed by MOP requirement for fallback DCI as captured in general requirement in clause 6.2”. With this paragraph introduced, UE will be mistakenly testing twice for the same requirements. Therefore, in our view the new sentence in 6.2.1 should be removed.

	
	Samsung: For CR to enable ULFPTx feature, I think the most important part is the available TPMI for each mode. Base on that (as proposed Table 6.2D.1-3 in Samsung’s CR), RAN5 can select/down-select the proper TPMI to test if RAN5 think the existing test coverage can cover it already. From that perspective, we prefer to discuss based the Table and revision in Samsung’s CR.

	
	Ericsson: note that this draft CR only contains a proposed structure of the specifications, it is far from complete. We did not assume that this WI would be completed in May. The UE shall meet requirements according to its advertised power class also for ULFPTx.

	R4-2006368
(Samsung CR to TS38.101-1 on ULFPTx)
	Intel: MPR needs to be revisited

	
	Huawei: Mode-0 is not used by RAN1, would be better to align with the description of RAN1 spec. Single antenna port codebook based transmission is ambiguous, which codebook is used here?

	
	Samsung: When MPR can be agreed for normal UL-MIMO MPR, Rel-16 CR can change accordingly. Of course another way to do this is for ULFPTx CR, we just change MOP requirement, but left other parts to be changed after UL-MIMO MPR is decided. Okay to have better wording for Mode-0. For single antenna port codebook based transmission, I think there is only one precoder, that is [1]. 

	
	Qualcomm: This is ok for us. Share the view with Samsung on MPR, we have agreement that MPR for Rel-15 will be revisited and ULFPTx should follow that.

	
	Ericsson: good that the fallback behavior is covered, but how is the FP modes tested for single port? 6.2D.2: MPR evaluation for TPMI = 2 with correlated TX signals? The EVM measurement may not be straightforward if transparent CDD is used (this is also covered in AI 4.4.2.1).
General comments (also to other proposed CRs)
There is some nitty-gritty that must be covered too.
For Rel-16 FR1 only two ports are considered, which means that the non-coherent transmission is assumed (one pair of transmitter connectors). Coherent precoders are used for two-port configurations but without assuming that relative phase between Tx chains is maintained. This latter may impact single-port transmissions using virtualization when signals are combined and has a major impact on performance verification. Moreover, transparent CDD could be used be used to avoid signal cancelation on correlated Tx chains, which also affects verification. 
How to deal with phase differences for the MOP with correlated signals? Measure per RB and with full allocation? In the conformance test specification, the MOP performance is tested with various allocation to verify MPR. Any CDD used for avoiding signal cancellation would be transparent
The power dynamics present similar issues for correlated signals on the TX connectors, and phase balance between the connectors depends on the output power.
EVM could be measured per connector like for a BS equipped with multiple connectors, but possibly with a narrowband allocation in case transparent CDD is used (also transparent to the test equipment).
Unwanted emissions could be verified like for UL-MIMO Rel.15, verification per connector against 3 dB tighter requirements is perhaps more straightforward.

	R4-2008050
(Qualcomm CR to TS38.101-1 for ULFPTx)
	Huawei: we would like to see a whole package solution also includes TxD. 

	
	Samsung: Considering the complexity of transparent TxD, it is reasonable to have one CR to enable ULFPTx, while another CR can be prepared for TxD in next meeting (since no CR is prepared for transparent TxD in this meeting)

	
	Qualcomm: On comments on TxD, this is difficult, since we do not have TxD in WI targets so ULFPTx should be allowed to finish without TxD. This is draft CR so intended to show our understanding on how ULFPTx can be enabled, we would assume Samsung as rapporteur provides a cat.B CR. 

	
	Ericsson: good start. Fallback also needs specification (pointer to 6.2.1), i.e. the measurement of FP modes when single port is configured. Better to create a running CR with agreed changes?

	R4-2008218
(Huawei CR to TS38.101-1 for ULFPTx)
	Intel:  TPMI [1,1] is a coherent matrix.

	
	Huawei: for ULFPTx, codebook [1, 1] for Mode 1 is non-coherent.

	
	Samsung: similar to the comment to Ericsson’s TP, a table to include the applicable waveform, TPMI for each mode is more preferable.

	
	Ericsson: what about all the other requirements? See general comments to 6368. TPMI = 2 cannot be used for one layer for Mode 0.

	R4-2006369
(Samsung CR to TS38.101-2 on ULFPTx)
	Intel: RAN4 needs to decide if the scope of ULFPTx includes FR2. Since RAN4 has been used two polarizations (polarization gain is considered) to derive minimum peak EIRP and two polarizations are assumed with equal power, we don’t see mode 2 in FR2 UE is a practical design. For mode 1, we think two polarizations have been used for deriving minimum peak EIRP for general requirements, so mode 1 is default operation mode for single SRS port configuration in FR2

	
	Huawei: Whether Mode 2 needs to be considered for FR2 should be further discussed. In our view, Mode 1 is ok.

	
	Samsung: as commented in Issue 2-1-1, to exclude ULFPTx requirement in FR2 is not reasonable. If UE claim its support of Mode-1, at least UE can be scheduled with TPMI[1 1] if UE is non-coherent UL-MIMO UE, which can’t be done for Rel-15 UE. For Mode-2 UE, seems we don’t have a reason to preclude this, while current polarization-based 2-layer UE can just don’t support Mode-2.

	
	Qualcomm: Mode 2 is indeed possible for FR2 UEs. In fact, all Rel-15 implementations that rely on two Tx chains and polarization diversity use mode2-like capability if they are capable of full power when configured for TPMI [1 0] or [0 1]. 

	
	Ericsson: there is no fallback behavior specified.

	R4-2006779
(Qualcomm CR to TS38.101-2 for SRS port configuration)
	Intel: Don’t understand the sentence “For a UE that supports 'UL full power transmission' and is configured to transmit a single layer with nrofSRS-Ports = 2, the requirements for UL MIMO operation apply only when it is configured for any of its declared full power modes in IE FullPowerTransmission-r16”.  For mode 2 with full power TPMI [1 0], how do UL-MIMO requirements apply?

	
	Huawei: Don’t think that full power transmission Mode 2 is needed for FR2. 
If the CR is to complete the requirements for full power transmission for FR2, conditions should be clear for both 2 SRS ports as well as 1 SRS port to deliver the full power.

	
	Qualcomm: The statement is written in a way to not limit UE choice of mode. We are not sure Mode 2 needs to be precluded at this stage from FR2.
Mode 2 is indeed possible for FR2 UEs. In fact, all Rel-15 implementations that rely on two Tx chains and polarization diversity use mode2-like capability if they are capable of full power when configured for TPMI [1 0] or [0 1]
In Intel’s example case above of FP mode 2 [0 1], there is no explicit UL MIMO EIRP or dynamic requirement, but transmit modulation quality metrics apply, as do emissions restrictions. We are ok to add requirements for EIRP capability for the supported single layer FP modes as proposed in CR R4-2006369. The purpose of the statement is to ensure that the UE is configured by the network or TE according to its stated capability.
Qualcomm: This CR shows possible incorporation of ULFPTx into FR2.

	
	Ericsson: the proposed organization makes sense, fallback to single-port should be specified under suffix D (refer to clause with single-port requirements)



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic#2-1
	Issue 2-1-1: ULFPTx feature in FR2
· There are proposals with observations for ULFPTx in FR2: 
· Proposal 1 (Samsung, Qualcomm, vivo, Ericsson): RAN4 should allow ULFPTX feature to be used in FR2, because of following observations:
· For ULFPTx Mode-1 capable FR2 UE, TPMI2 (in layer-1 and 2TX codebook) become usable for non-coherent UL TX UE, which could be used to achieve maximum output power.   
· For ULFPTx Mode-2 and the other mode capable FR2 UE, the UE-capable full-power transmission codebook for TPMI0 and/or TPMI1 (in layer-1 and 2TX codebook) become usable to achieve maximum output power.   
· Proposal 2 (OPPO, Huawei): Only ULFPTx mode 1 ([1 1] codebook) is needed for ULFPTx in FR2, and ULFPTx mode 2 is not practical design.  
· [Moderator] Seems the two proposals are not totally conflicting. I think firstly we can agree to introduce ULFPTx requirement for FR2, while the requirement for three modes (Mode-1, Mode-2 and the other mode) can be defined, and the corresponding requirement shall be applied if UE claims its support for certain mode. The same approach has already be adopted for FR1 (captured in WF R4-2002801):
·  Issue 2-1-1: General Assumption for UE Supported Mode
· UE’s support of full power transmission feature’s mode shall follow RAN1 and RAN2 design;
· If UE claim its support of a mode (from mode-1, mode-2 and the other mode), corresponding performance requirement shall be tested.
Tentative agreements:
· For ULFPTx feature in FR2, 
· UE’s support of full power transmission feature’s mode shall follow RAN1 and RAN2 design;
· If UE claim its support of a mode (from mode-1, mode-2 and the other mode), corresponding performance requirement shall be applied.
Candidate options: N/A
Recommendations for 2nd round:
· Discuss the above tentative agreement in 2nd round. 

	Sub-topic#2-2
	Issue 2-2-1: UE declaring Mode 1 support requirements with DCI 0_0 or single SRS port with DCI 0_1:
· There is one proposal to ask reconfirmation on one existing agreement: 
· Proposal 1 (Qualcomm): For Mode-1 UE, UE is mandated to produce declared full port when it is configured for single SRS port (either with DCI_0_0 or single SRS port with DCI_0_1)
· [Moderator] As several companies prefer to confirm this proposal, while no negative technical view received on the content itself, we suggest the following tentative agreement is approved. It should be noted that the wording is changed for more clear expression purpose. If needed, further polish is welcomed. 
Tentative agreements:
· For Mode-1 UE, UE is mandated to produce declared full port when it is configured for single SRS port (either with DCI_0_0 or single SRS port with DCI_0_1). 
Candidate options: N/A
Recommendations for 2nd round:
· Discuss the above tentative agreement in 2nd round.

	
	Issue 2-2-2: Transparent TxD allowed or not allowed for non-zero power transmission in TPMI’s [1 0] and [0 1]:
· There are following proposals, which is related to the maximum number of antenna connectors: 
· Option 1 (Qualcomm, Intel, Samsung, vivo, Ericsson): For UE declaring Mode 2 support requirements with TPMI’s [1 0] and [0 1], Transparent tx diversity is not assumed to be activated when UE is configured for two SRS ports for FR1. 
· Option 2 (Huawei, OPPO): For scenario 2 on clarification of transparent TxD, since UE with two non-full power branches is not excluded as it is up to UE implementation, thus transparent TxD is allowed for UE scheduled with precoder [1 0] or [0 1] for full power transmission.
· Option 3 (LGE): RAN4 first need to clarify whether the TPMI’s [1 0] and [0 1] should be applied to antenna connectors or ports (up to 2).
· [Moderator] It should be noted that although the number of TX ports in Rel-16 ULFPTx is already limited to 2, as captured in WF R4-2002801, RAN4 has not reached the agreement for the maximum number of antenna connectors. It should be noted that the above option 2 may lead to at least 3 antenna connectors to be used, which could be regarded as beyond current industry status by some companies. Further discussion is needed. 
Tentative agreements: N/A
Candidate options: N/A
Recommendations for 2nd round:
· Further discussion is needed, and from moderator’s view, companies can focus on following aspects: 
· Question-1: For UE declaring Mode 2 support requirements with TPMI’s [1 0] and [0 1], Transparent tx diversity is allowed or not allowed for non-zero power transmission in [1 0] or [0 1]: 
· 
· Question-2: Does RAN4 need to specify the maximum number of TX antenna connectors for Rel-16 UE supporting ULFPTx, e.g., up to 2 TX antenna connectors? 
· Question-3: For 2 TX antenna connectors (e.g., 23dBm +23dBm PA, called as PA1 and PA2), if that possible to transmit a multi-port SRS resource (2TX port), in which both SRS are achieved by PA1+PA2 together? 
· Some of companies believe it is possible, while others believe it is not possible. 2nd round the group can double check multi-port SRS resource transmission. 

	
	Issue 2-2-3: Transparent TxD’s applicability for UEs supporting or not supporting ULFPTx in Rel-16
· This is one proposal as below: 
· Proposal 1 (Aligned with previous agreement): No limitation on applicability of transparent TxD for UE supporting or not full power transmission. 
· Proposal 2 (Qualcomm): We definitely respect the agreement, however, we still need to understand when and where tx div is applied.
· Proposal 3 (Ericsson): Transparent TxD is an integral part of ULFPTx, e.g. requirements according to the advertised power class must be met for single-port PUSCH transmissions. If ULFPTx is not configured in PUSCH-Config, then ‘Rel-15 behaviour’ and the corresponding requirements apply. How to cover single-port transmissions of other channels e.g. PUCCH should be considered but requires more study.
· Current status: RAN4#94-bis-e chairman notes already capture the agreement (“The applicability of Transparent TxD is NOT related to UE supporting or not supporting Rel-16 ULFPTx.”) to confirm P1. Some companies provided their different understanding, captured as P2 and P3.  
· [Moderator]: We would like to express our understanding (especially why we propose “The applicability of Transparent TxD is NOT related to UE supporting or not supporting Rel-16 ULFPTx” in last meeting): 
· We have different understanding from Ericsson for “transparent TxD is an integral part of ULFPTx”: 
· From RAN1 perspective, transparent TxD needs no RAN1 work and no explicit RAN1 requirement to enable this feature even in Rel-15. Because to RAN1, it is “transparent”. 
· “Transparent TxD is supported or not supported in Rel-15 RAN4 requirement” is discussed just because it is not transparent to RAN4/5 requirement. 
· From RAN1 perspective, ULFPTx is a Rel-16 feature, with that more scenarios can achieve full power transmission in addition to Rel-15 UE behaviour. 
· RAN1 don’t care how many connectors to consist one Tx port, and because to them, it is totally “transparent”. e.g., from RAN1 perspective, Rel-16 ULFPTx don’t discuss how Mode-1 UE achieve full power when 1TX port is scheduled (DCI_0_0 or DCI_0_1 with 1 TX port configured), because Rel-15 UE behavior should already achieve that. 
· Considering ULFPTx is a RAN1 led feature, the principle followed by RAN1 should be respected by RAN4. 
· Requirement for ULFPTx should be introduced to enable the full power transmission scenarios identified by RAN1. 
· RAN4 already agree to support transparent TxD in Rel-16 (no decision for Rel-15 yet), so the corresponding requirement to enable transparent TxD should be included in Rel-16 spec. From our understanding, even UE not support ULFPTx is allowed to use transparent TxD in Rel-16. 
· These two features (ULFPTx and transparent TxD) should be independent: i.e., no limitation on applicability of transparent TxD for UE supporting or not full power transmission in Rel-16. 
· From RAN4 perspective, we do believe the maximum number of antenna connectors may have limitation on whether or not transparent TxD can be used: 
· E.g., for Mode-1 PC2 UE, (20dBm+20dBm)+23dBm PA architecture use two 20dBm PA as transparent TxD to achieve 23dBm power in one Tx port. However, if RAN4 want to restrict the maximum number of connectors to 2, this architecture is not allowed.  
· E.g., for Mode-2 UE, if RAN4 want to restrict the maximum number of connectors to 2, we can’t use Transparent TxD for 1 port because it will lead to 3 antenna connector at least (as mentioned in Issue 2-2-2). 
Tentative agreements: 
· (Reconfirm previous agreement) “The applicability of Transparent TxD is NOT related to UE supporting or not supporting Rel-16 ULFPTx”
· (Newly added) In Rel-16, RAN4 requirement needs to allow UE to use transparent TxD to achieve the required transmission power,
Candidate options: N/A 
Recommendations for 2nd round:
· Discussion is needed on above proposals and Moderator’s understanding is the common understanding or not. 

	Sub-topic#2-3
	Issue 2-3-1: Necessity of new RAN4 UE feature for ULFPTx
· There are proposals as below: 
· Proposal 1 (Samsung, Intel, Huawei, Qualcomm, LGE, vivo, Ericsson): RAN4 don’t need to introduce additional UE feature for eMIMO ULFPTx, because the needed UE features have already been introduced or discussed by RAN1.
· [Intel]: RAN4 needs to decide whether ULFPTx is an optional or mandatory RAN4 feature.
· [Samsung]: RAN1 introduced feature, and optional/mandatory shall be decided by RAN1. 
· [Moderator] Some companies proposed that RAN4 may discuss the feature of transparent TxD as Rel-16 feature (to be added in feature list discussion), and this issue is discussed in Topic#3, while here we only focus on ULFPTx. 
Tentative agreements: 
· RAN4 don’t need to introduce additional UE feature for eMIMO ULFPTx, because the needed UE features have already been introduced or discussed by RAN1.
Candidate options: N/A 
Recommendations for 2nd round:
· The tentative agreement is approvable. 



Suggestion on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	#1
	WF on Uplink Full Power Transmission
	Samsung





CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”

	R4-2007051
(Ericsson TP to TS38.101-1on ULFPTx)
	Suggested to be “merged” to R4-2006368. 

	R4-2006368
(Samsung CR to TS38.101-1 on ULFPTx)
	Suggested to be “revised” to just focus on ULFPTx feature and address comments related to ULFPTx. 
- Considering it is not mature for how to change RAN4 requirement to enable transparent TxD in Rel-16, suggest to change R4-2006368 to only focus on ULFPTx, which is aligned with Moderator’s proposed understanding in above Issue 2-2-3. 
- In other words, for Rel-16 competition, we have one CR just focusing on ULFPTx (maybe this part is more mature to be approved in this meeting), and the other CR on transparent TxD. 

	R4-2008050
(Qualcomm CR to TS38.101-1 for ULFPTx)
	Suggested to be “merged” to R4-2008050. 

	R4-2008218
(Huawei CR to TS38.101-1 for ULFPTx)
	Suggested to be “merged” to R4-2008050.

	R4-2006369
(Samsung CR to TS38.101-2 on ULFPTx)
	Suggested to be “merged” to R4-2006779.

	R4-2006779
(Qualcomm CR to TS38.101-2 for SRS port configuration)
	Suggested to be “revised” to address comments and to capture the PUSCH configuration for ULFPTx supported UE.  




Discussion on 2nd round (if applicable)

Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Topic #3: Transparent TxD, PC2 Ambiguity in Rel-16
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2006345
	Apple
	Proposal 1: We don’t think a power class definition should be used to close the Tx diversity ambiguity. Other signalling options like modified MPR bits should be considered.
Proposal 2: UE should not be allowed to autonomously fall to PC3 if it signals PC2 capability.
Proposal 3: Reverse inter-modulation and antenna isolation should be considered if relaxation is defined.
Proposal 4: Relaxations through special MPR should only be introduced with additional signalling. E.g. by using modified MPR bits.

	R4-2006668
	Skyworks
	Observations: 
•	RIMD3 impact to EVM is small and RIMD5 negligible and thus can be accommodated within current EVM budget at the PC2 inner allocation MPR level for all modulation order including 256QAM and enables the use of all modulation order in the network for both UL MIMO and Tx Diversity mode of operation.
•	Conducted tests will not exacerbate the RIMD issue and thus extra requirement for it will not be observable.
•	Furthermore, if PC2 Tx Diversity or UL MIMO is implemented with two 26dBm PAs, the RIMD impact will become negligible since each PA will have de facto 3dB extra back-off

Proposal 1: 
•	PC2 single port inner allocation MPR level can be reused for PC2 power class inner allocation MPR in Tx Diversity and UL MIMO modes and result in valid EVM performance for all modulation order when implemented with two 23dBm PAs and can also apply to two 26dBm PA implementation, only resulting in further margins.
•	MPR for outer and edge allocation for PC2 UL MIMO or Tx Diversity implemented with two 23dBm PA is FFS.

	R4-2008185
	Skyworks
	Observation:
•	Most of issues that are tackled in [1] relate to Tx Diversity support and MPR for different PC2 UL MIMO implementations
•	Intra-band ENDC support in release 15 is focused to very specific cases and 1TX case is not well supported.
Observations:
•	NR-V2X data is missing due to lack of time to recover it
•	There are cases with 3 different power classes (P2, PC3, 29dBm) and 3 PA capabilities (20, 23 and 26dBm)
•	There is potentially one case with 4TX: non-contiguous intra-band UL CA with simultaneous UL MIMO
•	Many cases rely on well-defined Tx Diversity requirement and test.
•	Even in release 16 some default 1TX cases may not have quantified requirements for EN DC or UL CA
o	Some of these cases may have to rely on SUO.

We encourage companies to look at Table 2, complete and amend it as needed to ensure that we identify required capability signaling and requirement gaps for release 16.

	R4-2007050
	Ericsson
	Proposal 1: resolve the Rel-15 power class ambiguity by adding a new power-class capability for two-layer transmissions per NR band (Rel-16 but could potentially also be used by Rel-15 UEs).
Proposal 2: unwanted emissions are either measured as the sum of the emissions from all antenna connectors or measured per antenna connector against a 3 dB tighter emissions requirement per connector (for two antenna connectors).

	R4-2007078
	OPPO
	Observation 1:   The misalignment between Rel-15 and Rel-16 specification on NR power class under EN-DC caused confusions in the industry and need to be clarified.
Observation 2:   UE with 23+23 PA configuration and TxD can report PC2 in Rel-16, however, still cannot achieve PC2 in NR band under EN-DC due to the limitation of two Tx chains.
Observation 3:   UE with 23+26 or 26+26 PA configuration can achieve NR PC2 in both EN-DC and SA.
Observation 4:   NR power class in EN-DC is still uncertain for Rel-16 as Rel-15, even with the agreements of supporting TxD and same power class in single antenna port and UL MIMO.
Proposal 1:        Introduce following same statement in Rel-16 TS38.101-3 as Rel-15.
· "...if UE indicates IE maxNumberSRS-Ports-PerResource = n2 in NR standalone operation mode,  the said UE shall meet the NR requirements for either power class 2 or power class 3 in EN-DC within FR1 if UE indicates IE maxNumberSRS-Ports-PerResource = n1 for EN-DC on this NR band."

	R4-2007079
	OPPO
	CR to TS 38.101-3 EN-DC requirement alignment (R16)

	R4-2008049
	Qualcomm
	Proposal 1: Technical issues in LS [5] are addressed before agreeing any RAN4 spec changes or sending LS back to RAN5
Proposal 2: Instead of using language “measured as sum of each antenna connector” better language would be to refer to requirements being valid to a sum of both connectors
Proposal 3: ACLR for tx diversity UE is defined by relation between of sum of powers for own channel and sum of powers for adjacent channels.
Proposal 4: EVM is calculated by power weighted sum from both TX connectors 
Proposal 5: UE implementing tx diversity will declare “default TX connector” that UE always transmits 
Proposal 6: UE will keep the tx diversity status unchanged in conformance testing. If a new signal is needed is FFS
Proposal 7: For transparent tx diversity, UE is allowed to split the power between tx connectors un-equally.



Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 3-1: Power Class 2 Ambiguity in EN-DC vs SA UL-MIMO
Sub-topic description:
Open issues and candidate options before e-meeting:
Issue 3-1-1: How to treat PC2 ambiguity in EN-DC vs SA UL-MIMO in Rel-16: 
· Proposals:
· Proposal-1 (OPPO): Introduce following same statement in Rel-16 TS38.101-3 as Rel-15.
· "...if UE indicates IE maxNumberSRS-Ports-PerResource = n2 in NR standalone operation mode,  the said UE shall meet the NR requirements for either power class 2 or power class 3 in EN-DC within FR1 if UE indicates IE maxNumberSRS-Ports-PerResource = n1 for EN-DC on this NR band."
· Recommended WF
· [Moderator] The proposal is provided with assuming Rel-15 agreement is captured in TS38.101-3 but the issue should also be discussed in Rel-16. Companies have counter-proposal for removing the sentence in Rel-15 agenda. More discussion is needed. 

Sub-topic 3-2: Power Class 2 Ambiguity in SA 1Tx vs UL-MIMO
Sub-topic description:
Open issues and candidate options before e-meeting:
Issue 3-2-1: How to treat PC2 ambiguity in SA 1Tx vs UL-MIMO in Rel-16: 
· Proposals:
· Proposal-1 (Ericsson): Resolve the Rel-15 power class ambiguity by adding a new power-class capability for two-layer transmissions per NR band (Rel-16 but could potentially also be used by Rel-15 UE: 
· adding a one-bit capability to the per-band IE BandNR capability for two-layer transmissions per NR band (Rel-16)
· PC-2Layer: pc2 (or more options/bits)
· advertising PC3 in the NR-band capability ue-PowerClass, a power that can be met per antenna connector (see above) for all transmissions.
· Recommended WF:
· [Moderator] Companies have counter-proposal for removing the sentence in Rel-15. More discussion is needed. 
Sub-topic 3-3: Transparent TxD in Rel-16
Sub-topic description 
Open issues and candidate options before e-meeting:
Issue 3-3-1: Summing the power and emissions
· Proposals: 
· Proposal 1 (Qualcomm): Instead of using language “measured as sum of each antenna connector” better language would be to refer to requirements being valid to a sum of both connectors
· Recommended WF
· Companies’ views are collected in 1st round discussion.

Issue 3-3-2: Unwanted emissions for Transparent TxD
· Background: In RAN4#94-e, RAN4 agree that “Unwanted emissions to be verified for the configuration(s) of full power transmission, in which MOP requirement is defined and tested,” and “The individual outputs of all transmitting antennas shall be summed across frequency and compliance to the SEM requirement should be verified”, captured in WF [R4-2002801]. 
· Proposals for unwanted emission requirement and testing: 
· Proposal 1 (Apple): Reverse inter-modulation and antenna isolation should be considered if relaxation is defined. Relaxations through special MPR should only be introduced with additional signalling. E.g. by using modified MPR bits.
· Proposal 2 (Ericsson): unwanted emissions are either measured as the sum of the emissions from all antenna connectors or measured per antenna connector against a 3 dB tighter emissions requirement per connector (for two antenna connectors).
· Recommended WF
· Companies’ views are collected in 1st round discussion.

Issue 3-3-3: ACLR for Transparent TxD
· Proposals: 
· Proposal 1 (Qualcomm): ACLR for tx diversity UE is defined by relation between of sum of powers for own channel and sum of powers for adjacent channels.
· ACLRUE = (PADJ, TX1 + PADJ, TX2) / (POWN, TX1 + POWN, TX2)
· PADJ, TX1 = power of the adjacent channel on TX port 1
· POWN, TX1 = power of own channel on TX port 1
· And TX2 similarly. 
· Recommended WF
· Companies’ views are collected in 1st round discussion.

Issue 3-3-4: EVM for Transparent TxD
· Proposals: 
· Proposal 1 (Qualcomm): EVM is calculated by power weighted sum from both TX connectors
· 
· Recommended WF
· Companies’ views are collected in 1st round discussion.

Issue 3-3-5: Declaration for default TX connector
· Proposals: 
· Proposal 1 (Qualcomm): UE implementing tx diversity will declare “default TX connector” that UE always transmits
· Recommended WF
· Companies’ views are collected in 1st round discussion.

Issue 3-3-6: UE behaviour under conformance testing
· Proposals: 
· Proposal 1 (Qualcomm): UE will keep the tx diversity status unchanged in conformance testing. If a new signal is needed is FFS. 
· Recommended WF
· Companies’ views are collected in 1st round discussion.

Issue 3-3-7: Power splitting behavior
· Proposals: 
· Proposal 1 (Qualcomm): For transparent tx diversity, UE is allowed to split the power between tx connectors un-equally, e.g., UE can implement 23 dBm PA and two 20 dBm PA’s and then virtualize the two 20 dBm PA’s to one logical antenna ports
· Recommended WF
· Companies’ views are collected in 1st round discussion.

Sub-topic 3-4: Clarification on UE SRS port configuration for UL tests
Sub-topic description:
Open issues and candidate options before e-meeting:
Issue 3-4-1: Clarification on UE SRS port configuration for UL tests for FR2
· Proposals:
· Proposal-1 (Qualcomm): Clarify applicability of Tx requirements by nrofSRS-Ports in IE SRS-Config
· Non-letter suffix, and A-suffix requirements are for nrofSRS-Ports =1, or when txConfig is not configured in IE PUSCH-Config. 
· D-suffix requirements are for nrofSRS-Ports =2
· Move statements in 6.1 pertaining to CA and UL MIMO A-suffix and D-suffix into new subclauses 6.1A and 6.1D respectively
· Recommended WF
· [Moderator] Collect viewpoints in 1st round email discussion.  

Sub-topic 3-5: Rel-15/Rel-16 two intra-band transmit chain cases summary
Sub-topic description:
Open issues and candidate options before e-meeting:
Issue 3-5-1: Rel-15 two intra-band transmit chain cases summary:
· Observations:
· Observation-1 (Skyworks): In release 15, the use of two intra-band transmit chains in has been confined to UEs supporting UL MIMO or intra-band TDD ENDC, Table 1 tries to collect all the cases that have been discussed in release 15:
· Most of issues that are tackled in [R4-2005216] relate to Tx Diversity support and MPR for different PC2 UL MIMO implementations
· Intra-band ENDC support in release 15 is focused to very specific cases and 1TX case is not well supported.
· Table 1: list of two intra-band transmit cases for Release 15
	Driving Feature
	Implementation
	Mode Potentially affected
	Requirement status
	Signaling

	PC2 UL MIMO
	2x23dBm PA
	one layer operation using TX Diversity
	MPR in UL MIMO and one layer mode TBD
	2TX signaling for single port mode?

	PC2 UL MIMO
	2x26dBm PA
	none
	One layer PC2 MPR can apply to all modes
	SA Power class 
+ UL MIMO

	PC2 UL MIMO
	26dBm PA + 23dBm PA
	none
	MPR in UL MIMO mode TBD
	SA Power class 
+ UL MIMO

	TDD PC2 intra band ENDC
	2x23dBm PA
	UL MIMO support in ENDC mode
	No UL MIMO in ENDC mode
MPR and AMPR cover all cases
	2TX 
+ LTE/NR/ENDC power class

	TDD PC2 intra band ENDC
	2x26dBm PA
	
	
	

	TDD  intra band ENDC
	1xPA
	applied MPR in 1TX case, SUO may apply in some cases
	no MPR in spec for single PA
	LTE/NR/ENDC power class

	FDD PC3 intra band ENDC
	2x23dBm PA or 1x23dBm PA
	
	
	2TX or SUO(1TX) 
+ LTE/NR/ENDC power class

	intra band ENDC
	1 PA case
	ENDC mode not evaluated, SUO may apply in some cases
	no MPR in spec for single PA
	SUO(1TX) in some cases



· Recommended WF
· [Moderator] Collect viewpoints in 1st round email discussion.  

Issue 3-5-2: Rel-16 two intra-band transmit chain cases summary:
· Observations:
· Observation-1 (Skyworks): In release 16, the use of two intra-band transmit chains is spreading to multiple cases and affect almost all new Release 16 UL features and Table 2 tries to collect those together with potential need for new requirements and new signalling:
· NR-V2X data is missing due to lack of time to recover it
· There are cases with 3 different power classes (P2, PC3, 29dBm) and 3 PA capabilities (20, 23 and 26dBm)
· There is potentially one case with 4TX: non-contiguous intra-band UL CA with simultaneous UL MIMO
· Many cases rely on well-defined Tx Diversity requirement and test.
· Even in release 16 some default 1TX cases may not have quantified requirements for EN DC or UL CA
· Some of these cases may have to rely on SUO.
· Table 2: list of two intra-band transmit cases for Release 16
	Driving Feature
	Implementation
	Mode Potentially affected
	Requirement status
	Signaling

	PC2 UL MIMO
	2x23dBm PA
	one layer operation using TX Diversity
	MPR in UL MIMO and one layer mode TBD
	2TX signaling for single port mode?

	PC2 UL MIMO
	2x26dBm PA
	none
	One layer PC2 MPR can apply to all modes
	SA Power class + UL MIMO

	PC2 UL MIMO
	26dBm PA + 23dBm PA
	none
	MPR in UL MIMO mode TBD
	SA Power class + UL MIMO

	TDD PC3 intra band ENDC
	2x23dBm PA
	UL MIMO support in ENDC mode
	No UL MIMO in ENDC mode
MPR and AMPR cover all cases
	2TX + LTE/NR/ENDC power class + modified MPR bit

	TDD PC2 intra band ENDC
	2x23dBm PA
	
	
	

	TDD PC2 intra band ENDC
	2x26dBm PA
	
	
	

	TDD 29dBm intra band ENDC
	2x26dBm PA
	
	
	

	intra band ENDC
	1 PA case
	ENDC mode not evaluated, SUO may apply in some cases
	reuse of NR UL CA at least for contiguous case?
	SUO(1TX) in some cases

	PC3 intra band contiguous NR UL CA
	1x23dBm
2x23dBm
	2TX cases uses 1TX MPR (large margin)
UL MIMO cannot be supported simultaneously
	MPR for 1TX case
	2TX when applicable implies no MIMO
4TX? For UL CA + UL MIMO?

	PC3 intra band contiguous NR UL CA
	1x23dBm
2x23dBm
	UL MIMO cannot be supported simultaneously if 2TX
1TX fallback option for some BW
	MPR for 2TX case
FFS for 1TX
	2TX when applicable implies no MIMO
4TX? For UL CA + UL MIMO?
1TX/2TX vs BW class?

	PC3 NRU
	2x20dBm PA
	Tx Diversity requirement
	PC3 ACLR not agreed
	2TX w/wo UL MIMO

	NR V2X
	2xPA
	Tx Diversity mode
	?
	?



· Recommended WF
· [Moderator] Collect viewpoints in 1st round email discussion.  


Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	XXX
	Sub topic 1-1: 
Sub topic 1-2:
….
Others:

	Skyworks
	3-1-1: in intra-band ENDC mode, UL MIMO is no longer supported (on LTE or NR side) if the intra-band ENDC already uses the two PAs. Note that this issue will also arise for non-contiguous NR UL CA when two PAs are used. There is a need to clarify support of UL MIMO in intra-band ENDC and CA cases where the two PAs are used to support two separate CCs. Also if two PAs are used to generate PC2 in single CC mode which power class shall apply in the two intra band CC mode when two PAs are used (1 per CC)? for CA when using two PAs each PA needs to be able to transmit full power as (allocation could be in majority in one CC)
3-3-1: we agree that the measurement method should be left to RAN5 and RAN4 define requirement to be valid to the sum of both connectors. 
3-3-2: we believe that RIMD contribution should be included when defining MPR for 2PA cases (TxDiv or UL MIMO) for the test though it might be difficult to implement a setup which includes such reverse interference. In some cases the test could be implemented per connector with 3dB tigher limits and applying MPR that accounts for RIMD contribution.
3-3-3: we agree ACLR could be measured this way (assuming the sum is done in linear). At the same time some limit in asymmetry may be needed. Since test will not exercice RIMD effects, MPR needs to account for RIMD
3-3-4: we agree EVM could be measured this way. At the same time some limit in asymmetry may be needed. Since test will not exercice RIMD effects, MPR needs to account for RIMD
3-3-6: question for clarification: if there is a specific MPR associated with TxDiv to account for RIMD for example, should we assume that UE configures TxDiv in a static way? (ie uses it whatever the transmitted power?)
3-3-7: unclear which un-equal splitting applies to: is it only for single PA (or dual PA too)?
3-5-1: As discussed in the paper the key is to understand all the cases where two TX chains may be used but applied in different ways in different modes to make sure Release 16 agrees on the possible implementations and related signaling.
Is R4-2006668 further discussed in this thread or thread #104?

	Intel
	Sub topic3-1: 
Issue 3-1-1: How to treat PC2 ambiguity in EN-DC vs SA UL-MIMO in Rel-16:
Agree with moderator’s view on the controversial treatments from different companies. We need to have a complete and accurate solution in Rel-16.  
Sub topic 3-2:
Issue 3-2-1: How to treat PC2 ambiguity in SA 1Tx vs UL-MIMO in Rel-16:
Complete solution needed to address PC2 ambiguity: NR SA (1 port SRS), NR UL-MIMO, NR in EN-DC for 23+23 PAs, 23+26 PAs, 26+26 PAs. 
Sub topic 3-3:
Issue 3-3-2: Unwanted emissions for Transparent TxD
Unwanted emissions should be measured under OTA condition ideally if not impossible since this is also real operation mode. Under conducted mode, the measurement can not be accurate since antenna coupling/isolation effect is not reflected (when no antenna being used), the spurious emission and SEM may be different btw OTA and conducted modes.
Proposal 1 is not related to testing.
Proposal 2 is conducted measurement, no antenna hooked up. Not real emission with antenna coupling.
Issue 3-3-3: ACLR for Transparent TxD
The concept is correct. But under conducted test, the result may not be aligned with OTA result. 
Issue 3-3-4: EVM for Transparent TxD
Should be tested at OTA receiver to the combined signal. An extreme case is both connectors have good EVM, but signals are in opposite phase, then OTA receiver see bad EVM.
Issue 3-3-5: Declaration for default TX connector
Under Tx diversity, both connectors are active and transmit. Both are on. No one or the other is default. Don’t understand the intention.
Issue 3-3-6: UE behaviour under conformance testing
This should be common understanding. How a non Tx diversity signal is used for Tx diversity conformance testing?
Issue 3-3-7: Power splitting behavior
Equally split is simple and practical. And also we need to consider that same set of two PAs may also used for UL-MIMO where equal power assumption is recognized.
Sub topic 3-4:
Issue 3-4-1: Clarification on UE SRS port configuration for UL tests for FR2
I think this is common understanding.



	OPPO
	Issue 3-1-1: How to treat PC2 ambiguity in EN-DC vs SA UL-MIMO in Rel-16: 
As discussed in paper R4-2007078, UE with 23+23 PA configuration and TxD can report PC2 in Rel-16, however, still cannot achieve PC2 in NR band under EN-DC due to the limitation of two Tx chains in implementation. And UE with 23+26 or 26+26 PA configuration can achieve NR PC2 in both EN-DC and SA. This makes NR power class in EN-DC is still uncertain for Rel-16 as Rel-15, even with the agreements of supporting TxD and same power class in single antenna port and UL MIMO. 
Therefore, in our view, there are two approaches to solve this issue, one is as proposed here to adopt similar wording as Rel-15, the other is introduce new UE power class capability for NR in ENDC. However, in WF R4-2005652, it has been agreed that “No need to introduce a new power-class capability because power class declaration should be applied to all transmission modes from Rel-16”. This makes the only way to solve the ambiguity is the proposal 1, i.e. adopt same statement as Rel-15 “UE shall meet the NR requirements for either power class 2 or power class 3 in EN-DC”.
Issue 3-2-1: How to treat PC2 ambiguity in SA 1Tx vs UL-MIMO in Rel-16: 
There is already agreements in WF R4-2005652, i.e. “No need to introduce a new power-class capability because power class declaration should be applied to all transmission modes from Rel-16”.
Issue 3-3-1: Summing the power and emissions
Don’t see big issue of current wording, when RAN4 define requirements how to measure it is one of the issue which is impossible to be avoided and shall be clear.
Issue 3-3-2: Unwanted emissions for Transparent TxD
From the measurement perspective, OK with Proposal 2, i.e. measured as the sum of the emissions from all antenna connectors or measured per antenna connector against a 3 dB tighter emissions requirement per connector.
Issue 3-3-3: ACLR for Transparent TxD
Ok with proposal. 
Issue 3-3-5: Declaration for default TX connector
· Proposals: 
· Proposal 1 (Qualcomm): UE implementing tx diversity will declare “default TX connector” that UE always transmits
The default Tx antenna connector only applies to UE with more than two antenna connectors or with antenna switch function. For these UEs, ok with declaration on the Tx connectors for RF testing.
Issue 3-3-6: UE behaviour under conformance testing
· Proposals: 
· Proposal 1 (Qualcomm): UE will keep the tx diversity status unchanged in conformance testing. If a new signal is needed is FFS. 
Ok with unchanged TxD in conformance testing.
Issue 3-3-7: Power splitting behavior
Agree that the two transmit powers in connectors shall be allowed to be un-equal, reason is that even two PAs are same, the ILs for the two Tx chain is different especially considering the different antenna locations, which leads to the output power will be different. When defining requirements, in our understanding we can use equal power as baseline to make it simple.

	Huawei
	Issue 3-1-1: How to treat PC2 ambiguity in EN-DC vs SA UL-MIMO in Rel-16: 
WF R4-2005652 agreed that “No need to introduce a new power-class capability because power class declaration should be applied to all transmission modes from Rel-16”, in our understanding the agreement is specific to SA UL MIMO. The better way to solve the ambiguity between NSA and SA is to introduce the new power class for NR band in NSA combination. 
Issue 3-2-1: How to treat PC2 ambiguity in SA 1Tx vs UL-MIMO in Rel-16: 
Follow the conclusion of WF in last meeting, no need to discuss new power class capability for SA UL MIMO.
Issue 3-3-1: Summing the power and emissions
See no issue of the language “measured as sum of each antenna connector”.
Issue 3-3-2: Unwanted emissions for Transparent TxD
OK with the alternative measurement at each antenna connector for the unwanted emissions.
Issue 3-3-3: ACLR for Transparent TxD
Not clear why the power at each antenna connector for TxD could be different. 
Issue 3-3-5: Declaration for default TX connector
The antenna connector for transmission during the test can be declared by the UE, which is up to UE declaration. What’s the purpose of default Tx connector?
Issue 3-3-6: UE behaviour under conformance testing
Ok with unchanged TxD in conformance testing.
Issue 3-3-7: Power splitting behavior
The power splitting behaviour should be the same as that for UL MIMO.

	Samsung
	Issue 3-2-1: How to treat PC2 ambiguity in SA 1Tx vs UL-MIMO in Rel-16: 
Similar to OPPO: there is already agreements in WF R4-2005652, i.e. “No need to introduce a new power-class capability because power class declaration should be applied to all transmission modes from Rel-16”.
Issue 3-3-5: Declaration for default TX connector
Similar to Intel, want to know better the scenario and why default TX connector is needed to be declared in this scenario.
Issue 3-3-6: UE behaviour under conformance testing
Our understanding is if it is “transparent” TxD, UE behaviour should be allowed as long as the requirement can be fulfilled. 
Issue 3-3-7: Power splitting behavior
Would like to see the benefits from the proposer of power splitting unequally. If no strong reason to support this, prefer easer solution with equal splitting. 

	Qualcomm
	Issue 3-1-1: This sentence has caused a lot of problems and does not even say what it is said to be saying. It does not say power class is different between modes, just that it can be either Pc3 or Pc2. We would propose to remove it from rel-15 and have a holistic approach for the power class handling.
Issue 3-2-1: UE should be able to produce max power regardless of the mode. See issue 2-2-1. So power class declaration is not needed. It would solve many issues, thought, but it is better to handle these topics together. 
Issue 3-3-1: We prefer to leave the testing aspect to ran5 and discuss what are requirements for UE, such as how the EVM is specified in case of multiple power for the rank-1. 
Issue 3-3-2: Same as issue 3-3-1, we should defe that requirements apply to the sum and leave the testing aspect to ran5 except where the details of UE requirement need clarifying. 
Issue 3-3-3 through 3-3-7: We like them very much and these details should be agreed or if available, clarify otherwise. We have addressed some issues raised by some companies just by providing the information that motivated us to make these proposals. 
Issue 3-3-5: This is part of RAN5 questions, please see LS Attachment or ref [14] in R4-2008049:
Proposal D: During Rx TCs the test equipment is only required to monitor one the UE Tx antenna connectors.
Issue 3-3-6: Similarly: this is part of RAN5 questions, please see LS Attachment or ref [14] in R4-2008049:
This means that for Rx TC it is not feasible to evaluate both Tx connectors sequentially since with this method the TE might miss some UE feedback.
Observation 4: Sequential evaluation of the antenna connectors does not seem feasible for Rx TCs.
And for example, relative power tolerance testing becomes very complicated if UE keep switching on and off one branch. 
Issue 3-3-7: Our view is that this is part of RAN1 discussion, maybe proposals from Huawei (?), that for example UE with 17, 17 and 20 dBm PA’s would virtualize 17+17 = 20 dBm to be port 1 and 20 dBm PA to be port 2 and then via mode 1, this UE can reach 23 dBm with TPMI [1 1]. If this kind of UE wants to declare full power and provide full power in single port configuration, then non equal power splitting should be allowed. Also, if UE has 23 and 23 dBm PA’s, UE may decide to use one 23 dBm PA at full power to maximise efficiency and then the other PA at very low power to supplement the power above 23 dBm. Regardless, if tx diversity is up to UE implementation, why we are now limiting the implementations. 


	Rohde & Schwarz
	Issue 3-3-1: Summing the power and emissions
OK with this proposal, the new wording seems clearer. 
Issue 3-3-2: Unwanted emissions for Transparent TxD
Proposal 2 is fine from our side, however similar question for clarification as in UL MIMO discussion. With the new wording, it seems the intention is to measure all UE connectors. Is that truly the intention? Modern UEs may have 8, 10 or more connectors, do we really need to measure emissions on all of them? If yes, that is fine, but will exponentially increase the test time.
Issue 3-3-3: ACLR for Transparent TxD
Ok from our side, sounds reasonable, similar to EVM approach.
Issue 3-3-4: EVM for Transparent TxD
Support this proposal.
Issue 3-3-5: Declaration for default TX connector
Support this proposal, definition of “default” connector is required for from testing point of view for certain TCs, where reception of signals is critical from TE side. E.g. for RRM TCs: reliable SRS detection (timing TC), PRACH detection (mobility) and PRACH power measurement (PRACH TC, RLM) is necessary. For this and similar cases the definition of a default connector is required.
Issue 3-3-6: UE behaviour under conformance testing
Support this proposal, at least during the actual running test, the UE behaviour must be unchanged/predictable.

	LG Electronics
	Issue 3-1-1: How to treat PC2 ambiguity in EN-DC vs SA UL-MIMO in Rel-16:
Okay for proposal 1. There will be some possibility that the same PA architecture from intra-band EN-DC or CA can be reused to support UL-MIMO. For instance, what if a UE has 2x23dBm to support PC2 intra-band EN-DC? Does this mean that NR power class 3 should meet the NR requirement of power class 2? If this proposal can’t be acceptable to RAN4, then RAN4 needs to consider to introduce a new signalling to avoid PC2 ambiguity between EN-DC and UL-MIMO in Rel-16. 
Issue 3-2-1: How to treat PC2 ambiguity in SA 1Tx vs UL-MIMO in Rel-16: 
Since the previous agreement “From Rel-16 and beyond, SA UE declaring PC2 HPUE shall have 26dBm MOP for both 1TX port transmission and 2TX UL-MIMO” has been captured in RAN4#94-e-bis, RAN4 doesn’t need to introduce a new signalling for PC2 ambiguity between single port transmission and UL-MIMO.
Issue 3-3-2: Unwanted emissions for Transparent TxD
LGE did EVM measurement based on reversed IMD with 10dB antenna isolation in R4-2008330 (Revision of R4-2006795) and our measurement shows that additional MPR relaxation due to EVM is needed for all RB allocations. About introducing additional signalling for special MPR, RAN4 can further discuss about it. LGE prefers to have unwanted emissions are measured as the sum of the emissions from all antenna connectors against a 3dB tighter emissions requirement per connector.
Issue 3-3-5: Declaration for default TX connector
Unnecessary for a UE implementing TxD to declare “default TX connector”. 
Issue 3-5-2: Rel-16 two intra-band transmit chain cases summary:
Our initial thought on NR V2X can be presented as follows:
	Driving Feature
	Implementation
	Mode Potentially affected
	Requirement status
	Signalling

	NR V2X
	2x20dBm PA
2x23dBm PA
	Tx Diversity mode
	MPR for 
1 Tx case
	No signalling is required.




	CMCC
	Issue 3-1-1: How to treat PC2 ambiguity in EN-DC vs SA UL-MIMO in Rel-16: 
Ok with proposal-1, Since this issue is also caused by the fact that RAN2's power class indication of NR band in NSA is consistent with SA power class. If RAN2 does not revise the NR power class indication for NSA and RAN4 does not introduce the new signaling capability, it is recommended to maintain the same statement of rel-16 and rel-15 for PC2 in EN-DC.
Issue 3-2-1: How to treat PC2 ambiguity in SA 1Tx vs UL-MIMO in Rel-16: 
No need to discuss new power class capability for SA UL MIMO.

	Anritsu
	We appreciate to start this discussion in the group.
Issue 3-3-1: OK with Proposal on condition that Issue 3-3-5 is agreed as a package.
Issue 3-3-2: Proposal 2 looks good. But Issue 3-3-5 and 3-3-7 are also related to decide verdict especially the case for carrier leakage and in-band emission. 
Issue 3-3-5: Declaration of the default Tx connector is necessary regardless whether TxD is implemented or not. 
Issue 3-3-6: Support the proposal.
We appreciate if the assumption of maximum number of antenna connectors is clarified again since the similar topic is discussed at topic #104 and there still seems to be different understanding.  

	Apple
	Issue 3-3-1: We support Proposal 1 
Issue 3-3-2: Obviously we support Proposal 1. 



	vivo
	Issue 3-1-1: How to treat PC2 ambiguity in EN-DC vs SA UL-MIMO in Rel-16: 
The same topic was also discussed in Email thread of 104. It is proposed to either agree a CatA CR same to Rel-15 or discuss new signalling for NSA in Rel-16.
Issue 3-2-1: How to treat PC2 ambiguity in SA 1Tx vs UL-MIMO in Rel-16: 
As moderator pointed out, there is already agreements in WF R4-2005652.
Issue 3-3-5: Declaration for default TX connector
Support the declaration for RF test.
Issue 3-3-6: UE behaviour under conformance testing
Support

	Ericsson
	Sub-topic 3-1
Issue 3-1-1: we do not support this proposal. The signalling ambiguity should not be extended for yet another release. Solve the SA problem first, RAN1 has not yet decided on how to handle e.g. FP capability for band combinations.
Sub-topic 3-2
Issue 3-2-1: we support as proponents.
Sub-topic 3-3
Issue 3-3-1: the proposed wording an improvement
Issue 3-3-2: we support Proposal 2 as proponents
Issue 3-3-3: the proposal is reasonable, presumably measured per connector with both TX chains active. 
Issue 3-3-4: the proposal is reasonable. EVM should be measured with both TX chains active, but we assume that P1 and P2 can be different. Is this proposal accounting for possible use of small-delay CDD and uncorrelated transmissions?
Issues 3-3-5 and 3-3-6: these proposals are related to conformance testing. We propose that the core requirements are finalised before any decision.
Issue 3-3-7: transparent TxD is transparent… but how to verify this?
Sub-topic 3-4
Issue 3-4-1: the proposed organization makes sense.
Sub-topic 3-5
Issues 3-5-1 and 3-5-2: no view at present but hats off for very good summaries.

	
	


 
CRs/TPs comments collection
Major close to finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	R4-2007079
(OPPO CR to TS38.101-3 for EN-DC requirement alignment in Rel-16)
	Intel: wait for complete resolution of power class ambiguity

	
	Huawei: better way is to introduce a new UE capability for NR band in a NSA combination.

	
	Samsung: we can wait to see if there is any possible agreement from Rel-15 discussion.

	
	Qualcomm: Wait until discussion for SA has settled. 

	
	Ericsson: not agreed.



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic#3-1
	Issue 3-1-1: How to treat PC2 ambiguity in EN-DC vs SA UL-MIMO in Rel-16: 
· There is discussion on the following proposal:
· Proposal-1 (OPPO, LGE, CMCC): Introduce following same statement in Rel-16 TS38.101-3 as Rel-15.
· "...if UE indicates IE maxNumberSRS-Ports-PerResource = n2 in NR standalone operation mode,  the said UE shall meet the NR requirements for either power class 2 or power class 3 in EN-DC within FR1 if UE indicates IE maxNumberSRS-Ports-PerResource = n1 for EN-DC on this NR band."
Tentative agreements: N/A
Candidate options: N/A
Recommendations for 2nd round:
· The proposal is provided with assuming Rel-15 agreement is captured in TS38.101-3 but the issue should also be discussed in Rel-16. Companies have counter-proposal for removing the sentence in Rel-15 agenda. More discussion is needed, but it is better Rel-15 discussion can be done firstly. 


	Sub-topic#3-2
	Issue 3-2-1: How to treat PC2 ambiguity in SA 1Tx vs UL-MIMO in Rel-16: 
· There is discussion on the following proposal:
· Proposal-1 (Ericsson): Resolve the Rel-15 power class ambiguity by adding a new power-class capability for two-layer transmissions per NR band (Rel-16 but could potentially also be used by Rel-15 UE: 
· adding a one-bit capability to the per-band IE BandNR capability for two-layer transmissions per NR band (Rel-16)
· PC-2Layer: pc2 (or more options/bits)
· advertising PC3 in the NR-band capability ue-PowerClass, a power that can be met per antenna connector (see above) for all transmissions.
· Proposal-2 (OPPO, Huawei, Samsung, LGE, CMCC, vivo): Existing agreements in WF R4-2005652 already solve this issue at least for PC2 ambiguity in SA 1TX vs UL-MIMO in Rel-16, i.e. “No need to introduce a new power-class capability because power class declaration should be applied to all transmission modes from Rel-16”
Tentative agreements: N/A
Candidate options: N/A
Recommendations for 2nd round:
· Continue to discuss above proposals. As mentioned in many companies’ comments, the overall solution is preferred to solve all the ambiguity. 

	Sub-topic#3-3
	Issue 3-3-1: Summing the power and emissions
· There is discussion on the following proposal: 
· Proposal 1 (Qualcomm, Skyworks, R&S, Apple, Ericsson): Instead of using language “measured as sum of each antenna connector” better language would be to refer to requirements being valid to a sum of both connectors. Leave the testing aspect to RAN5. 
· Proposal 1a (Anritsu): Proposal 1 on condition that Issue 3-3-5 is agreed as a package.
· Proposal 2 (OPPO, Huawei): See no issue of the language “measured as sum of each antenna connector”.
Tentative agreements: N/A
Candidate options: N/A
Recommendations for 2nd round:
· Continue to discuss above proposals and capture agreement (if any) in WF. 

	
	Issue 3-3-2: Unwanted emissions for Transparent TxD
· Background: In RAN4#94-e, RAN4 agree that “Unwanted emissions to be verified for the configuration(s) of full power transmission, in which MOP requirement is defined and tested,” and “The individual outputs of all transmitting antennas shall be summed across frequency and compliance to the SEM requirement should be verified”, captured in WF [R4-2002801]. 
· Proposals for unwanted emission requirement and testing: 
· Proposal 1 (Apple): Reverse inter-modulation and antenna isolation should be considered if relaxation is defined. Relaxations through special MPR should only be introduced with additional signalling. E.g. by using modified MPR bits.
· Skyworks: we believe that RIMD contribution should be included when defining MPR for 2PA cases (TxDiv or UL MIMO) for the test though it might be difficult to implement a setup which includes such reverse interference.
· Intel: Not related to testing.
· LGE: LGE did EVM measurement based on reversed IMD with 10dB antenna isolation in R4-2008330 (Revision of R4-2006795) and our measurement shows that additional MPR relaxation due to EVM is needed for all RB allocations. About introducing additional signalling for special MPR, RAN4 can further discuss about it.
· Proposal 2 (Ericsson, Skyworks, OPPO, Huawei): unwanted emissions are either measured as the sum of the emissions from all antenna connectors or measured per antenna connector against a 3 dB tighter emissions requirement per connector (for two antenna connectors).
· Qualcomm: Requirements apply to the sum and leave the testing aspect to ran5 except where the details of UE requirement need clarifying
· R&S: Proposal 2 is fine from our side, however similar question for clarification as in UL MIMO discussion. With the new wording, it seems the intention is to measure all UE connectors. Is that truly the intention? Modern UEs may have 8, 10 or more connectors, do we really need to measure emissions on all of them? If yes, that is fine, but will exponentially increase the test time.
· LGE: prefers to have unwanted emissions are measured as the sum of the emissions from all antenna connectors against a 3dB tighter emissions requirement per connector.
· Anritsu: Proposal 2 looks good. But Issue 3-3-5 and 3-3-7 are also related to decide verdict especially the case for carrier leakage and in-band emission.
Tentative agreements: N/A
Candidate options: N/A
Recommendations for 2nd round:
· Continue to discuss above proposals and capture agreement (if any) in WF.

	
	Issue 3-3-3: ACLR for Transparent TxD
· Proposal is provided: 
· Proposal 1 (Qualcomm, Skyworks, Intel, OPPO, R&S, Ericsson): ACLR for tx diversity UE is defined by relation between of sum of powers for own channel and sum of powers for adjacent channels.
· ACLRUE = (PADJ, TX1 + PADJ, TX2) / (POWN, TX1 + POWN, TX2)
· PADJ, TX1 = power of the adjacent channel on TX port 1
· POWN, TX1 = power of own channel on TX port 1
· And TX2 similarly. 
· Comment received on whether or not asymmetric TX is needed to be limited. 
Tentative agreements: N/A
Candidate options: N/A
Recommendations for 2nd round:
· Continue to discuss above proposal and capture agreement (if any) in WF.

	
	Issue 3-3-4: EVM for Transparent TxD
· Proposal is provided: 
· Proposal 1 (Qualcomm, Skyworks, R&S, Ericsson): EVM is calculated by power weighted sum from both TX connectors
· 
· Proposal 2 (Intel): Should be tested at OTA receiver to the combined signal. 
· An extreme case is both connectors have good EVM, but signals are in opposite phase, then OTA receiver see bad EVM.
· Comment on P1 received on whether or not asymmetric TX is needed to be limited. 

Tentative agreements: N/A
Candidate options: N/A
Recommendations for 2nd round:
· Continue to discuss above proposal and capture agreement (if any) in WF.

	
	Issue 3-3-5: Declaration for default TX connector
· Proposal is provided: 
· Proposal 1 (Qualcomm, OPPO, R&S, Anritsu, vivo): UE implementing tx diversity will declare “default TX connector” that UE always transmits
· Proposal 2 (Intel, Huawei, Samsung, LGE): No need to declare default Tx connector. 
· Proposal 3 (Ericsson): the proposal is related to conformance testing. We propose that the core requirements are finalised before any decision.
Tentative agreements: N/A
Candidate options: N/A
Recommendations for 2nd round:
· Continue to discuss above proposal and capture agreement (if any) in WF.

	
	Issue 3-3-6: UE behaviour under conformance testing
· Proposals: 
· Proposal 1 (Qualcomm, OPPO, Huawei, R&S, Anritsu, vivo): UE will keep the tx diversity status unchanged in conformance testing. If a new signal is needed is FFS. 
· Proposal 2 (Ericsson): the proposal is related to conformance testing. We propose that the core requirements are finalised before any decision.
Tentative agreements: N/A
Candidate options: N/A
Recommendations for 2nd round:
· Continue to discuss above proposal and capture agreement (if any) in WF.

	
	Issue 3-3-7: Power splitting behavior
· Proposals: 
· Proposal 1 (Qualcomm, OPPO): For transparent tx diversity, UE is allowed to split the power between tx connectors un-equally, e.g., UE can implement 23 dBm PA and two 20 dBm PA’s and then virtualize the two 20 dBm PA’s to one logical antenna ports
· Proposal 2 (Intel, Huawei): Equally split is simple and practical. And also we need to consider that same set of two PAs may also used for UL-MIMO where equal power assumption is recognized.
Tentative agreements: N/A
Candidate options: N/A
Recommendations for 2nd round:
· Continue to discuss above proposal and capture agreement (if any) in WF.

	Sub-topic#3-4
	Issue 3-4-1: Clarification on UE SRS port configuration for UL tests for FR2
· There is discussion on the following proposal, while no negative feedback received on P1:
· Proposal-1 (Qualcomm, Intel, Ericsson): Clarify applicability of Tx requirements by nrofSRS-Ports in IE SRS-Config
· Non-letter suffix, and A-suffix requirements are for nrofSRS-Ports =1, or when txConfig is not configured in IE PUSCH-Config. 
· D-suffix requirements are for nrofSRS-Ports =2
· Move statements in 6.1 pertaining to CA and UL MIMO A-suffix and D-suffix into new subclauses 6.1A and 6.1D respectively
· Proposal-2 (Huawei): Applicability of Tx requirements by nrofSRS-Ports should be based on the condition that TxD requirements are reflected clearly in the specification. 
· 
Tentative agreements: 
· 
· 
· 
· 
Candidate options: N/A
Recommendations for 2nd round:
· Continue discussion in 2nd round.

	Sub-topic#3-5
	Issue 3-5-1: Rel-15 two intra-band transmit chain cases summary:
· There is discussion on the following observation:
· Observation-1 (Skyworks): In release 15, the use of two intra-band transmit chains in has been confined to UEs supporting UL MIMO or intra-band TDD ENDC, Table 1 tries to collect all the cases that have been discussed in release 15:
· Most of issues that are tackled in [R4-2005216] relate to Tx Diversity support and MPR for different PC2 UL MIMO implementations
· Intra-band ENDC support in release 15 is focused to very specific cases and 1TX case is not well supported.
· Table 1: list of two intra-band transmit cases for Release 15
	Driving Feature
	Implementation
	Mode Potentially affected
	Requirement status
	Signaling

	PC2 UL MIMO
	2x23dBm PA
	one layer operation using TX Diversity
	MPR in UL MIMO and one layer mode TBD
	2TX signaling for single port mode?

	PC2 UL MIMO
	2x26dBm PA
	none
	One layer PC2 MPR can apply to all modes
	SA Power class 
+ UL MIMO

	PC2 UL MIMO
	26dBm PA + 23dBm PA
	none
	MPR in UL MIMO mode TBD
	SA Power class 
+ UL MIMO

	TDD PC2 intra band ENDC
	2x23dBm PA
	UL MIMO support in ENDC mode
	No UL MIMO in ENDC mode
MPR and AMPR cover all cases
	2TX 
+ LTE/NR/ENDC power class

	TDD PC2 intra band ENDC
	2x26dBm PA
	
	
	

	TDD  intra band ENDC
	1xPA
	applied MPR in 1TX case, SUO may apply in some cases
	no MPR in spec for single PA
	LTE/NR/ENDC power class

	FDD PC3 intra band ENDC
	2x23dBm PA or 1x23dBm PA
	
	
	2TX or SUO(1TX) 
+ LTE/NR/ENDC power class

	intra band ENDC
	1 PA case
	ENDC mode not evaluated, SUO may apply in some cases
	no MPR in spec for single PA
	SUO(1TX) in some cases



· [Moderator]: For Rel-15, transparent TxD is not yet agreed to be enabled by Rel-15 RAN4 spec. Need further discussion. 
Tentative agreements: N/A
Candidate options: N/A
Recommendations for 2nd round:
· Continue discussion on the above table in the observation. 
· In additional to the observation, it could be better the group can discuss on the proposal which is not yet covered by current RAN4 agreement. 

	
	Issue 3-5-2: Rel-16 two intra-band transmit chain cases summary:
· There is discussion on the following observation:
· Observation-1 (Skyworks): In release 16, the use of two intra-band transmit chains is spreading to multiple cases and affect almost all new Release 16 UL features and Table 2 tries to collect those together with potential need for new requirements and new signalling:
· NR-V2X data is missing due to lack of time to recover it
· There are cases with 3 different power classes (P2, PC3, 29dBm) and 3 PA capabilities (20, 23 and 26dBm)
· There is potentially one case with 4TX: non-contiguous intra-band UL CA with simultaneous UL MIMO
· Many cases rely on well-defined Tx Diversity requirement and test.
· Even in release 16 some default 1TX cases may not have quantified requirements for EN DC or UL CA
· Some of these cases may have to rely on SUO.
· Table 2: list of two intra-band transmit cases for Release 16
	Driving Feature
	Implementation
	Mode Potentially affected
	Requirement status
	Signaling

	PC2 UL MIMO
	2x23dBm PA
	one layer operation using TX Diversity
	MPR in UL MIMO and one layer mode TBD
	2TX signaling for single port mode?

	PC2 UL MIMO
	2x26dBm PA
	none
	One layer PC2 MPR can apply to all modes
	SA Power class + UL MIMO

	PC2 UL MIMO
	26dBm PA + 23dBm PA
	none
	MPR in UL MIMO mode TBD
	SA Power class + UL MIMO

	TDD PC3 intra band ENDC
	2x23dBm PA
	UL MIMO support in ENDC mode
	No UL MIMO in ENDC mode
MPR and AMPR cover all cases
	2TX + LTE/NR/ENDC power class + modified MPR bit

	TDD PC2 intra band ENDC
	2x23dBm PA
	
	
	

	TDD PC2 intra band ENDC
	2x26dBm PA
	
	
	

	TDD 29dBm intra band ENDC
	2x26dBm PA
	
	
	

	intra band ENDC
	1 PA case
	ENDC mode not evaluated, SUO may apply in some cases
	reuse of NR UL CA at least for contiguous case?
	SUO(1TX) in some cases

	PC3 intra band contiguous NR UL CA
	1x23dBm
2x23dBm
	2TX cases uses 1TX MPR (large margin)
UL MIMO cannot be supported simultaneously
	MPR for 1TX case
	2TX when applicable implies no MIMO
4TX? For UL CA + UL MIMO?

	PC3 intra band contiguous NR UL CA
	1x23dBm
2x23dBm
	UL MIMO cannot be supported simultaneously if 2TX
1TX fallback option for some BW
	MPR for 2TX case
FFS for 1TX
	2TX when applicable implies no MIMO
4TX? For UL CA + UL MIMO?
1TX/2TX vs BW class?

	PC3 NRU
	2x20dBm PA
	Tx Diversity requirement
	PC3 ACLR not agreed
	2TX w/wo UL MIMO

	NR V2X
	2xPA
	Tx Diversity mode
	?
	?



· Observation-2 (LGE): Our initial thought on NR V2X can be presented as follows
	Driving Feature
	Implementation
	Mode Potentially affected
	Requirement status
	Signalling

	NR V2X
	2x20dBm PA
2x23dBm PA
	Tx Diversity mode
	MPR for 
1 Tx case
	No signalling is required.



Tentative agreements: N/A
Candidate options: N/A
Recommendations for 2nd round:
· Continue discussion on the above table in the observation.
· In additional to the observation, it could be better the group can discuss on the proposal which is not yet covered by current RAN4 agreement.



Suggestion on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	#1
	WF on Enabling Transparent TxD in Rel-16
	Qualcomm





CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”

	R4-2007079
(OPPO CR to TS38.101-3 for EN-DC requirement alignment in Rel-16)
	Suggest to be “return to” to aligned with corresponding discussion in email thread 104. 



Discussion on 2nd round (if applicable)

Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”




Appendix
UL Full Power Transmission Feature from TS38.213 (R1-1913654)
	[bookmark: _Toc20311557]7.1       Physical uplink shared channel
For a PUSCH transmission on active UL BWP [image: ], as described in Subclause 12, of carrier [image: ] of serving cell [image: ], a UE first calculates a linear value [image: ] of the transmit power [image: ], with parameters as defined in Subclause 7.1.1. For a PUSCH transmission scheduled by a DCI format 0_1 or configured by ConfiguredGrantConfig or semiPersistentOnPUSCH, if txConfig in PUSCH-Config is set to 'codebook', 
· if ULFPTx in PUSCH-Config is provided and codebookSubset in PUSCH-Config is set to nonCoherent or partialAndNonCoherent, the UE scales  by  where:
· if ULFPTxModes in PUSCH-Config is set to Mode1, and each SRS resource in the SRS-ResourceSet with usage set to 'codebook' has more than one SRS port’,  is the ratio of a number of antenna ports with non-zero PUSCH transmission power over the maximum number of SRS ports supported by the UE in one SRS resource
· if ULFPTxModes in PUSCH-Config is set to Mode2,  for full power TPMIs reported by the UE [16, TS 38.306], and  is the ratio of a number of antenna ports with non-zero PUSCH transmission power over a number of SRS ports for remaining TPMIs, where the number of SRS ports is associated with a SRS resource indicated by SRI if more than one SRS resources are configured in the SRS-ResourceSet with usage set to ‘codebook’, or the number of SRS ports is associated with the SRS resource if only one SRS resource is configured in the SRS-ResourceSet with usage set to ‘codebook’, and 
· if ULFPTxModes in PUSCH-Config is not provided, 
-    else, if each SRS resource in the SRS-ResourceSet with usage set to 'codebook' has more than one SRS port, the UE scales the linear value by the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the maximum number of SRS ports supported by the UE in one SRS resource. 
The UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power. 



UL Full Power Transmission Feature from TS38.212 (R1-1913653)
	7.3.1.1.2	Format 0_1
DCI format 0_1 is used for the scheduling of PUSCH in one cell. 
The following information is transmitted by means of the DCI format 0_1 with CRC scrambled by C-RNTI or CS-RNTI or SP-CSI-RNTI or MCS-C-RNTI:
-	Identifier for DCI formats – 1 bit
-	The value of this bit field is always set to 0, indicating an UL DCI format
-	Carrier indicator – 0 or 3 bits, as defined in Subclause 10.1 of [5, TS38.213].
-	UL/SUL indicator – 0 bit for UEs not configured with supplementaryUplink in ServingCellConfig in the cell or UEs configured with supplementaryUplink in ServingCellConfig in the cell but only PUCCH carrier in the cell is configured for PUSCH transmission; otherwise, 1 bit as defined in Table 7.3.1.1.1-1.


-	Bandwidth part indicator – 0, 1 or 2 bits as determined by the number of UL BWPs  configured by higher layers, excluding the initial UL bandwidth part. The bitwidth for this field is determined as bits, where 


-	 if , in which case the bandwidth part indicator is equivalent to the ascending order of the higher layer parameter BWP-Id;

-	otherwise , in which case the bandwidth part indicator is defined in Table 7.3.1.1.2-1;
If a UE does not support active BWP change via DCI, the UE ignores this bit field.

-	Frequency domain resource assignment – number of bits determined by the following, where  is the size of the active UL bandwidth part:


-	 bits if only resource allocation type 0 is configured, where  is defined in Subclause 6.1.2.2.1 of [6, TS 38.214], 


-	bits if only resource allocation type 1 is configured, or  bits if both resource allocation type 0 and 1 are configured.
-	If both resource allocation type 0 and 1 are configured, the MSB bit is used to indicate resource allocation type 0 or resource allocation type 1, where the bit value of 0 indicates resource allocation type 0 and the bit value of 1 indicates resource allocation type 1. 

-	For resource allocation type 0, the  LSBs provide the resource allocation as defined in Subclause 6.1.2.2.1 of [6, TS 38.214].

-	For resource allocation type 1, the  LSBs provide the resource allocation as follows:
-	For PUSCH hopping with resource allocation type 1:



-	 MSB bits are used to indicate the frequency offset according to Subclause 6.3 of [6, TS 38.214], where  if the higher layer parameter frequencyHoppingOffsetLists contains two offset values and  if the higher layer parameter frequencyHoppingOffsetLists contains four offset values

-	 bits provides the frequency domain resource allocation according to Subclause 6.1.2.2.2 of [6, TS 38.214]
-	For non-PUSCH hopping with resource allocation type 1:

-	 bits provides the frequency domain resource allocation according to Subclause 6.1.2.2.2 of [6, TS 38.214]
If "Bandwidth part indicator" field indicates a bandwidth part other than the active bandwidth part and if both resource allocation type 0 and 1 are configured for the indicated bandwidth part, the UE assumes resource allocation type 0 for the indicated bandwidth part if the bitwidth of the "Frequency domain resource assignment" field of the active bandwidth part is smaller than the bitwidth of the "Frequency domain resource assignment"  field of the indicated bandwidth part.

-	Time domain resource assignment – 0, 1, 2, 3, or 4 bits as defined in Subclause 6.1.2.1 of [6, TS38.214]. The bitwidth for this field is determined as bits, where I is the number of entries in the higher layer parameter pusch-TimeDomainAllocationList if the higher layer parameter is configured; otherwise I is the number of entries in the default table.
-	Frequency hopping flag – 0 or 1 bit:
-	0 bit if only resource allocation type 0 is configured or if the higher layer parameter frequencyHopping is not configured;
-	1 bit according to Table 7.3.1.1.1-3 otherwise, only applicable to resource allocation type 1, as defined in Subclause 6.3 of [6, TS 38.214].
-	Modulation and coding scheme – 5 bits as defined in Subclause 6.1.4.1 of [6, TS 38.214]
-	New data indicator – 1 bit
-	Redundancy version – 2 bits as defined in Table 7.3.1.1.1-2
-	HARQ process number – 4 bits
-	1st downlink assignment index – 1 or 2 bits:
-	1 bit for semi-static HARQ-ACK codebook;
-	2 bits for dynamic HARQ-ACK codebook.
-	2nd downlink assignment index – 0 or 2 bits:
-	2 bits for dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks;
-	0 bit otherwise. 
-	TPC command for scheduled PUSCH – 2 bits as defined in Subclause 7.1.1 of [5, TS38.213]



-	SRS resource indicator – or  bits, where  is the number of configured SRS resources in the SRS resource set associated with the higher layer parameter usage of value 'codeBook' or 'nonCodeBook', 


-	 bits according to Tables 7.3.1.1.2-28/29/30/31 if the higher layer parameter txConfig = nonCodebook, where  is the number of configured SRS resources in the SRS resource set associated with the higher layer parameter usage of value 'nonCodeBook' and
-	if UE supports operation with maxMIMO-Layers and the higher layer parameter maxMIMO-Layers of PUSCH-ServingCellConfig of the serving cell is configured, Lmax is given by that parameter 
-	otherwise, Lmax is given by the maximum number of layers for PUSCH supported by the UE for the serving cell for non-codebook based operation.


-	 bits according to Tables 7.3.1.1.2-32, 7.3.1.1.2-32A and 7.3.1.1.2-32B if the higher layer parameter txConfig = codebook, where  is the number of configured SRS resources in the SRS resource set associated with the higher layer parameter usage of value 'codeBook'.
-	Precoding information and number of layers – number of bits determined by the following:
-	0 bits if the higher layer parameter txConfig = nonCodeBook;
-	0 bits for 1 antenna port and if the higher layer parameter txConfig = codebook;-	4, 5, or 6 bits according to Table 7.3.1.1.2-2 for 4 antenna ports, if txConfig = codebook, ULFPTxModes is either not configured or configured to Mode2, and according to whether transform precoder is enabled or disabled, and the values of higher layer parameters maxRank, and codebookSubset;
-	4 or 5 bits according to Table 7.3.1.1.2-2A for 4 antenna ports, if txConfig = codebook, ULFPTxModes=Mode1, maxRank=2, transform precoder is disabled, and according to the values of higher layer parameter codebookSubset;
-	4 or 6 bits according to Table 7.3.1.1.2-2B for 4 antenna ports, if txConfig = codebook, ULFPTxModes=Mode1, maxRank=3 or 4, transform precoder is disabled, and according to the values of higher layer parameter codebookSubset;
-	2, 4, or 5 bits according to Table 7.3.1.1.2-3 for 4 antenna ports, if txConfig = codebook, ULFPTxModes is either not configured or configured to Mode2, and according to whether transform precoder is enabled or disabled, and the values of higher layer parameters maxRank, and codebookSubset;
-	3 or 4 bits according to Table 7.3.1.1.2-3A for 4 antenna ports, if txConfig = codebook, ULFPTxModes=Mode1, maxRank=1, and according to whether transform precoder is enabled or disabled, and the values of higher layer parameter codebookSubset;
-	2 or 4 bits according to Table7.3.1.1.2-4 for 2 antenna ports, if txConfig = codebook, ULFPTxModes is either not configured or configured to Mode2, and according to whether transform precoder is enabled or disabled, and the values of higher layer parameters maxRank and codebookSubset;
-	2 bits according to Table 7.3.1.1.2-4A for 2 antenna ports, if txConfig = codebook, ULFPTxModes=Mode1, transform precoder is disabled, maxRank=2, and codebookSubset=nonCoherent;
-	1 or 3 bits according to Table7.3.1.1.2-5 for 2 antenna ports, if txConfig = codebook, ULFPTxModes is either not configured or configured to Mode2, and according to whether transform precoder is enabled or disabled, and the values of higher layer parameters maxRank and codebookSubset.
-	2 bits according to Table 7.3.1.1.2-5A for 2 antenna ports, if txConfig = codebook, ULFPTxModes=Mode1, maxRank=1, and according to whether transform precoder is enabled or disabled, and the values of higher layer parameter codebookSubset;For the higher layer parameter txConfig = codebook, if different SRS resources with different number of antenna ports are configured, the bitwidth is determined according to the maximum number of ports in a SRS resource  among the configured SRS resources. If the number of ports for a configured SRS resource is less than the maximum number of ports in a SRS resource among the configured SRS resources, a number of most significant bits with value set to '0' are inserted to the field.       
-	Antenna ports – number of bits determined by the following
-	2 bits as defined by Tables 7.3.1.1.2-6, if transform precoder is enabled, dmrs-Type=1, and maxLength=1, except that DMRSuplinkTransformPrecoding-r16 and tp-pi2BPSK are both configured;
-	2 bits as defined by Tables 7.3.1.1.2-6A, if transform precoder is enabled and DMRSuplinkTransformPrecoding-r16 and tp-pi2BPSK are both configured, modulation order is pi/2 BPSK, dmrs-Type=1, and maxLength=1, where nSCID is the scrambling identity for antenna ports defined in [Section 6.4.1.1.1, TS38.211];
-	4 bits as defined by Tables 7.3.1.1.2-7, if transform precoder is enabled, dmrs-Type=1, and maxLength=2, except that DMRSuplinkTransformPrecoding-r16 and tp-pi2BPSK are both configured;

-	4 bits as defined by Tables 7.3.1.1.2-7A, if transform precoder is enabled and DMRSuplinkTransformPrecoding-r16 and tp-pi2BPSK are both configured, modulation order is pi/2 BPSK, dmrs-Type=1, and maxLength=2, where nSCID is the scrambling identity for antenna ports defined in [Section 6.4.1.1.1, TS38.211];
-	3 bits as defined by Tables 7.3.1.1.2-8/9/10/11, if transform precoder is disabled, dmrs-Type=1, and maxLength=1, and the value of rank is determined according to the SRS resource indicator field if the higher layer parameter txConfig = nonCodebook and according to the Precoding information and number of layers field if the higher layer parameter txConfig = codebook;
-	4 bits as defined by Tables 7.3.1.1.2-12/13/14/15, if transform precoder is disabled, dmrs-Type=1, and maxLength=2, and the value of rank is determined according to the SRS resource indicator field if the higher layer parameter txConfig = nonCodebook and according to the Precoding information and number of layers field if the higher layer parameter txConfig = codebook;
-	4 bits as defined by Tables 7.3.1.1.2-16/17/18/19, if transform precoder is disabled, dmrs-Type=2, and maxLength=1, and the value of rank is determined according to the SRS resource indicator field if the higher layer parameter txConfig = nonCodebook and according to the Precoding information and number of layers field if the higher layer parameter txConfig = codebook;
-	5 bits as defined by Tables 7.3.1.1.2-20/21/22/23, if transform precoder is disabled, dmrs-Type=2, and maxLength=2, and the value of rank is determined according to the SRS resource indicator field if the higher layer parameter txConfig = nonCodebook and according to the Precoding information and number of layers field if the higher layer parameter txConfig = codebook.
where the number of CDM groups without data of values 1, 2, and 3 in Tables 7.3.1.1.2-6 to 7.3.1.1.2-23 refers to CDM groups {0}, {0,1}, and {0, 1,2} respectively. 






If a UE is configured with both dmrs-UplinkForPUSCH-MappingTypeA and dmrs-UplinkForPUSCH-MappingTypeB, the bitwidth of this field equals , where  is the "Antenna ports" bitwidth derived according to dmrs-UplinkForPUSCH-MappingTypeA and  is the "Antenna ports" bitwidth derived according to dmrs-UplinkForPUSCH-MappingTypeB. A number of  zeros are padded in the MSB of this field, if the mapping type of the PUSCH corresponds to the smaller value of  and .
-	SRS request – 2 bits as defined by Table 7.3.1.1.2-24 for UEs not configured with supplementaryUplink in ServingCellConfig in the cell; 3 bits for UEs configured with supplementaryUplink in ServingCellConfig in the cell where the first bit is the non-SUL/SUL indicator as defined in Table 7.3.1.1.1-1 and the second and third bits are defined by Table 7.3.1.1.2-24. This bit field may also indicate the associated CSI-RS according to Subclause 6.1.1.2 of [6, TS 38.214].
-	CSI request – 0, 1, 2, 3, 4, 5, or 6 bits determined by higher layer parameter reportTriggerSize.
-	CBG transmission information (CBGTI) – 0 bit if higher layer parameter codeBlockGroupTransmission for PDSCH is not configured, otherwise, 2, 4, 6, or 8 bits determined by higher layer parameter maxCodeBlockGroupsPerTransportBlock for PUSCH.
-	PTRS-DMRS association – number of bits determined as follows
-	0 bit if PTRS-UplinkConfig is not configured and transform precoder is disabled, or if transform precoder is enabled, or if maxRank=1;
-	2 bits otherwise, where Table 7.3.1.1.2-25 and 7.3.1.1.2-26 are used to indicate the association between PTRS port(s) and DMRS port(s) for transmission of one PT-RS port and two PT-RS ports respectively, and the DMRS ports are indicated by the Antenna ports field. 
If "Bandwidth part indicator" field indicates a bandwidth part other than the active bandwidth part and the "PTRS-DMRS association" field is present for the indicated bandwidth part but not present for the active bandwidth part, the UE assumes the "PTRS-DMRS association" field is not present for the indicated bandwidth part.
-	beta_offset indicator – 0 if the higher layer parameter betaOffsets = semiStatic; otherwise 2 bits as defined by Table 9.3-3 in [5, TS 38.213].
-	DMRS sequence initialization – 0 bit if transform precoder is enabled; 1 bit if transform precoder is disabled. 
-	UL-SCH indicator – 1 bit. A value of "1" indicates UL-SCH shall be transmitted on the PUSCH and a value of "0" indicates UL-SCH shall not be transmitted on the PUSCH. Except for DCI format 0_1 with CRC scrambled by SP-CSI-RNTI, a UE is not expected to receive a DCI format 0_1 with UL-SCH indicator of "0" and CSI request of all zero(s).
A UE does not expect that the bit width of a field in DCI format 0_1 with CRC scrambled by CS-RNTI is larger than corresponding bit width of same field in DCI format 0_1 with CRC scrambled by C-RNTI for the same serving cell. If the bit width of a field in the DCI format 0_1 with CRC scrambled by CS-RNTI is not equal to that of the corresponding field in the DCI format 0_1 with CRC scrambled by C-RNTI for the same serving cell, a number of most significant bits with value set to '0' are inserted to the field in DCI format 0_1 with CRC scrambled by CS-RNTI until the bit width equals that of the corresponding field in the DCI format 0_1 with CRC scrambled by C-RNTI for the same serving cell. 

Table 7.3.1.1.2-1: Bandwidth part indicator 
	Value of BWP indicator field
	Bandwidth part

	2 bits
	

	00
	Configured BWP with BWP-Id = 1

	01
	Configured BWP with BWP-Id = 2

	10
	Configured BWP with BWP-Id = 3

	11
	Configured BWP with BWP-Id = 4



Table 7.3.1.1.2-2: Precoding information and number of layers, for 4 antenna ports, if transform precoder is disabled, maxRank = 2 or 3 or 4, and ULFPTxModes is either not configured or configured to Mode2
	Bit field mapped to index
	codebookSubset = fullyAndPartialAndNonCoherent
	Bit field mapped to index
	codebookSubset = partialAndNonCoherent
	Bit field mapped to index
	codebookSubset= nonCoherent

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	…
	…
	…
	…
	…
	…

	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3

	4
	2 layers: TPMI=0
	4
	2 layers: TPMI=0
	4
	2 layers: TPMI=0

	…
	…
	…
	…
	…
	…

	9
	2 layers: TPMI=5
	9
	2 layers: TPMI=5
	9
	2 layers: TPMI=5

	10
	3 layers: TPMI=0
	10
	3 layers: TPMI=0
	10
	3 layers: TPMI=0

	11
	4 layers: TPMI=0
	11
	4 layers: TPMI=0
	11
	4 layers: TPMI=0

	12
	1 layer: TPMI=4
	12
	1 layer: TPMI=4
	12-15
	reserved

	…
	…
	…
	…
	
	

	19
	1 layer: TPMI=11
	19
	1 layer: TPMI=11
	
	

	20
	2 layers: TPMI=6
	20
	2 layers: TPMI=6
	
	

	…
	…
	…
	…
	
	

	27
	2 layers: TPMI=13
	27
	2 layers: TPMI=13
	
	

	28
	3 layers: TPMI=1
	28
	3 layers: TPMI=1
	
	

	29
	3 layers: TPMI=2
	29
	3 layers: TPMI=2
	
	

	30
	4 layers: TPMI=1
	30
	4 layers: TPMI=1
	
	

	31
	4 layers: TPMI=2
	31
	4 layers: TPMI=2
	
	

	32
	1 layers: TPMI=12
	
	
	
	

	…
	…
	
	
	
	

	47
	1 layers: TPMI=27
	
	
	
	

	48
	2 layers: TPMI=14
	
	
	
	

	…
	…
	
	
	
	

	55
	2 layers: TPMI=21
	
	
	
	

	56
	3 layers: TPMI=3
	
	
	
	

	…
	…
	
	
	
	

	59
	3 layers: TPMI=6
	
	
	
	

	60
	4 layers: TPMI=3
	
	
	
	

	61
	4 layers: TPMI=4
	
	
	
	

	62-63
	reserved
	
	
	
	



Table 7.3.1.1.2-2A: Precoding information and number of layers for 4 antenna ports, if transform precoder is disabled, maxRank = 2, and ULFPTxModes=Mode1
	Bit field mapped to index
	codebookSubset = partialAndNonCoherent
	Bit field mapped to index
	codebookSubset= nonCoherent

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	…
	…
	…
	…

	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3

	4
	2 layers: TPMI=0
	4
	2 layers: TPMI=0

	…
	…
	…
	…

	9
	2 layers: TPMI=5
	9
	2 layers: TPMI=5

	10
	1 layer: TPMI=13
	10
	1 layer: TPMI=13

	11
	2 layer: TPMI=6
	11
	2 layer: TPMI=6

	12
	1 layer: TPMI=4
	12-15
	Reserved

	…
	…
	
	

	20
	1 layer: TPMI=12
	
	

	21
	1 layer: TPMI=14
	
	

	22
	1 layer: TPMI=15
	
	

	23
	2 layers: TPMI=7
	
	

	…
	…
	
	

	29
	2 layers: TPMI=13
	
	

	30-31
	Reserved
	
	



Table 7.3.1.1.2-2B: Precoding information and number of layers for 4 antenna ports, if transform precoder is disabled, maxRank = 3 or 4, and ULFPTxModes=Mode1
	Bit field mapped to index
	codebookSubset = partialAndNonCoherent
	Bit field mapped to index
	codebookSubset= nonCoherent

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	…
	…
	…
	…

	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3

	4
	2 layers: TPMI=0
	4
	2 layers: TPMI=0

	…
	…
	…
	…

	9
	2 layers: TPMI=5
	9
	2 layers: TPMI=5

	10
	3 layers: TPMI=0
	10
	3 layers: TPMI=0

	11
	4 layers: TPMI=0
	11
	4 layers: TPMI=0

	12
	1 layer: TPMI=13
	12
	1 layer: TPMI=13

	13
	2 layer: TPMI=6
	13
	2 layer: TPMI=6

	14
	3 layer: TPMI=1
	14
	3 layer: TPMI=1

	15
	1 layer: TPMI=4
	15
	Reserved

	…
	…
	
	

	23
	1 layer: TPMI=12
	
	

	24
	1 layer: TPMI=14
	
	

	25
	1 layer: TPMI=15
	
	

	26
	2 layers: TPMI=7
	
	

	…
	…
	
	

	32
	2 layers: TPMI=13
	
	

	33
	3 layers: TPMI=2
	
	

	34
	4 layers: TPMI=1
	
	

	35
	4 layers: TPMI=2
	
	

	36-63
	Reserved
	
	



Table 7.3.1.1.2-3: Precoding information and number of layers for 4 antenna ports, if transform precoder is enabled and ULFPTxModes is either not configured or configured to Mode2, or if transform precoder is disabled, maxRank = 1, and ULFPTxModes is either not configured or configured to Mode2
	Bit field mapped to index
	codebookSubset = fullyAndPartialAndNonCoherent
	Bit field mapped to index
	codebookSubset= partialAndNonCoherent
	Bit field mapped to index
	codebookSubset= nonCoherent

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	…
	…
	…
	…
	…
	…

	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3

	4
	1 layer: TPMI=4
	4
	1 layer: TPMI=4
	
	

	…
	…
	…
	…
	
	

	11
	1 layer: TPMI=11
	11
	1 layer: TPMI=11
	
	

	12
	1 layers: TPMI=12
	12-15
	reserved
	
	

	…
	…
	
	
	
	

	27
	1 layers: TPMI=27
	
	
	
	

	28-31
	reserved
	
	
	
	



Table 7.3.1.1.2-3A: Precoding information and number of layers for 4 antenna ports, if transform precoder is enabled and ULFPTxModes=Mode1, or if transform precoder is disabled, maxRank = 1, and ULFPTxModes=Mode1
	[bookmark: OLE_LINK3]Bit field mapped to index
	codebookSubset= partialAndNonCoherent
	Bit field mapped to index
	codebookSubset= nonCoherent

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	…
	…
	…
	…

	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3

	4
	1 layer: TPMI=13
	4
	1 layer: TPMI=13

	5
	1 layer: TPMI=4
	5-7
	Reserved

	…
	…
	
	

	13
			1 layer: TPMI=12
	
	

	14
	1 layer: TPMI=14
	
	

	15
	1 layer: TPMI=15
	
	



Table 7.3.1.1.2-4: Precoding information and number of layers, for 2 antenna ports, if transform precoder is disabled, maxRank = 2, and ULFPTxModes is either not configured or configured to Mode2
	Bit field mapped to index
	codebookSubset = fullyAndPartialAndNonCoherent
	Bit field mapped to index
	codebookSubset = nonCoherent

		0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	2
	2 layers: TPMI=0
	2
	2 layers: TPMI=0

	3
	1 layer: TPMI=2
	3
	reserved

	4
	1 layer: TPMI=3
	
	

	5
	1 layer: TPMI=4
	
	

	6
	1 layer: TPMI=5
	
	

	7
	2 layers: TPMI=1
	
	

	8
	2 layers: TPMI=2
	
	

	9-15
	reserved
	
	



Table 7.3.1.1.2-4A: Precoding information and number of layers, for 2 antenna ports, if transform precoder is disabled, maxRank = 2, and ULFPTxModes=Mode1
	Bit field mapped to index
	codebookSubset= nonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	2 layers: TPMI=0

	3
	1 layer: TPMI=2



Table 7.3.1.1.2-5: Precoding information and number of layers, for 2 antenna ports, if transform precoder is enabled and ULFPTxModes is either not configured or configured to Mode2, or if transform precoder is disabled, maxRank = 1, and and ULFPTxModes is either not configured or configured to Mode2
	Bit field mapped to index
	codebookSubset = fullyAndPartialAndNonCoherent
	Bit field mapped to index
	codebookSubset = nonCoherent

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2
	
	

	3
	1 layer: TPMI=3
	
	

	4
	1 layer: TPMI=4
	
	

	5
	1 layer: TPMI=5
	
	

	6-7
	reserved
	
	



Table 7.3.1.1.2-5A: Precoding information and number of layers, for 2 antenna ports, if transform precoder is enabled and ULFPTxModes=Mode1, or if transform precoder is disabled, maxRank = 1, and ULFPTxModes=Mode1
	Bit field mapped to index
	codebookSubset= nonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	Reserved



Table 7.3.1.1.2-6: Antenna port(s), transform precoder is enabled, dmrs-Type=1, maxLength=1, except that DMRSuplinkTransformPrecoding-r16 and tp-pi2BPSK are both configured
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0

	1
	2
	1

	2
	2
	2

	3
	2
	3



Table 7.3.1.1.2-6A: Antenna port(s), transform precoder is enabled, DMRSuplinkTransformPrecoding-r16 and tp-pi2BPSK are both configured, modulation order is pi/2 BPSK, dmrs-Type=1, maxLength=1
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0, nSCID= 0

	1
	2
	0, nSCID= 1

	2
	2
	2, nSCID= 0

	3
	2
	2, nSCID= 1



Table 7.3.1.1.2-7: Antenna port(s), transform precoder is enabled, dmrs-Type=1, maxLength=2, except that DMRSuplinkTransformPrecoding-r16 and tp-pi2BPSK are both configured
	Value
	Number of DMRS CDM group(s) without data 
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0
	1

	1
	2
	1
	1

	2
	2
	2
	1

	3
	2
	3
	1

	4
	2
	0
	2

	5
	2
	1
	2

	6
	2
	2
	2

	7
	2
	3
	2

	8
	2
	4
	2

	9
	2
	5
	2

	10
	2
	6
	2

	11
	2
	7
	2

	12-15
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-7A: Antenna port(s), transform precoder is enabled, DMRSuplinkTransformPrecoding-r16 and tp-pi2BPSK are both configured, modulation order is pi/2 BPSK, dmrs-Type=1, maxLength=2
	Value
	Number of DMRS CDM group(s) without data 
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0, nSCID= 0
	1

	1
	2
	0, nSCID= 1
	1

	2
	2
	2, nSCID= 0
	1

	3
	2
	2, nSCID= 1
	1

	4
	2
	0, nSCID= 0
	2

	5
	2
	0, nSCID= 1
	2

	6
	2
	2, nSCID= 0
	2

	7
	2
	2, nSCID= 1
	2

	8
	2
	4, nSCID= 0
	2

	9
	2
	4, nSCID= 1
	2

	10
	2
	6, nSCID= 0
	2

	11
	2
	6, nSCID= 1
	2

	12-15
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-8: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=1, rank = 1
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0

	1
	1
	1

	2
	2
	0

	3
	2
	1

	4
	2
	2

	5
	2
	3

	6-7
	Reserved
	Reserved



Table 7.3.1.1.2-9: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=1, rank = 2
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0,1

	1
	2
	0,1

	2
	2
	2,3

	3
	2
	0,2

	4-7
	Reserved
	Reserved



Table 7.3.1.1.2-10: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=1, rank = 3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0-2

	2-7
	Reserved
	Reserved



Table 7.3.1.1.2-11: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=1, rank = 4
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0-3

	2-7
	Reserved
	Reserved



Table 7.3.1.1.2-12: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank = 1
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	1
	0
	1

	1
	1
	1
	1

	2
	2
	0
	1

	3
	2
	1
	1

	4
	2
	2
	1

	5
	2
	3
	1

	6
	2
	0
	2

	7
	2
	1
	2

	8
	2
	2
	2

	9
	2
	3
	2

	10
	2
	4
	2

	11
	2
	5
	2

	12
	2
	6
	2

	13
	2
	7
	2

	14-15
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-13: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank = 2
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	1
	0,1
	1

	1
	2
	0,1
	1

	2
	2
	2,3
	1

	3
	2
	0,2
	1

	4
	2
	0,1
	2

	5
	2
	2,3
	2

	6
	2
	4,5
	2

	7
	2
	6,7
	2

	8
	2
	0,4
	2

	9
	2
	2,6
	2

	10-15
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-14: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank = 3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0-2
	1

	1
	2
	0,1,4
	2

	2
	2
	2,3,6
	2

	3-15
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-15: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank = 4
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0-3
	1

	1
	2
	0,1,4,5
	2

	2
	2
	2,3,6,7
	2

	3
	2
	0,2,4,6
	2

	4-15
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-16: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=1, rank=1
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0

	1
	1
	1

	2
	2
	0

	3
	2
	1

	4
	2
	2

	5
	2
	3

	6
	3
	0

	7
	3
	1

	8
	3
	2

	9
	3
	3

	10
	3
	4

	11
	3
	5

	12-15
	Reserved
	Reserved



Table 7.3.1.1.2-17: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=1, rank=2
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0,1

	1
	2
	0,1

	2
	2
	2,3

	3
	3
	0,1

	4
	3
	2,3

	5
	3
	4,5

	6
	2
	0,2

	7-15
	Reserved
	Reserved



Table 7.3.1.1.2-18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=1, rank =3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0-2

	1
	3
	0-2

	2
	3
	3-5

	3-15
	Reserved
	Reserved



Table 7.3.1.1.2-19: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=1, rank =4
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0-3

	1
	3
	0-3

	2-15
	Reserved
	Reserved



Table 7.3.1.1.2-20: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=2, rank=1
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	1
	0
	1

	1
	1
	1
	1

	2
	2
	0
	1

	3
	2
	1
	1

	4
	2
	2
	1

	5
	2
	3
	1

	6
	3
	0
	1

	7
	3
	1
	1

	8
	3
	2
	1

	9
	3
	3
	1

	10
	3
	4
	1

	11
	3
	5
	1

	12
	3
	0
	2

	13
	3
	1
	2

	14
	3
	2
	2

	15
	3
	3
	2

	16
	3
	4
	2

	17
	3
	5
	2

	18
	3
	6
	2

	19
	3
	7
	2

	20
	3
	8
	2

	21
	3
	9
	2

	22
	3
	10
	2

	23
	3
	11
	2

	24
	1
	0
	2

	25
	1
	1
	2

	26
	1
	6
	2

	27
	1
	7
	2

	28-31
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-21: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=2, rank=2
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	1
	0,1
	1

	1
	2
	0,1
	1

	2
	2
	2,3
	1

	3
	3
	0,1
	1

	4
	3
	2,3
	1

	5
	3
	4,5
	1

	6
	2
	0,2
	1

	7
	3
	0,1
	2

	8
	3
	2,3
	2

	9
	3
	4,5
	2

	10
	3
	6,7
	2

	11
	3
	8,9
	2

	12
	3
	10,11
	2

	13
	1
	0,1
	2

	14
	1
	6,7
	2

	15
	2
	0,1
	2

	16
	2
	2,3
	2

	17
	2
	6,7
	2

	18
	2
	8,9
	2

	19-31
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-22: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=2, rank=3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0-2
	1

	1
	3
	0-2
	1

	2
	3
	3-5
	1

	3
	3
	0,1,6
	2

	4
	3
	2,3,8
	2

	5
	3
	4,5,10
	2

	6-31
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-23: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=2, rank=4
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0-3
	1

	1
	3
	0-3
	1

	2
	3
	0,1,6,7
	2

	3
	3
	2,3,8,9
	2

	4
	3
	4,5,10,11
	2

	5-31
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-24: SRS request 
	Value of SRS request field
	Triggered aperiodic SRS resource set(s) for DCI format 0_1, 1_1, and 2_3 configured with higher layer parameter srs-TPC-PDCCH-Group set to 'typeB'
	Triggered aperiodic SRS resource set(s) for DCI format 2_3 configured with higher layer parameter srs-TPC-PDCCH-Group set to 'typeA'

	00
	No aperiodic SRS resource set triggered
	No aperiodic SRS resource set triggered

	01
	SRS resource set(s) configured with higher layer parameter aperiodicSRS-ResourceTrigger set to 1 or an entry in aperiodicSRS-ResourceTriggerList set to 1
	SRS resource set(s) configured with higher layer parameter usage in SRS-ResourceSet set to 'antennaSwitching' and resourceType in SRS-ResourceSet set to 'aperiodic' for a 1st set of serving cells configured by higher layers

	10
	SRS resource set(s) configured with higher layer parameter aperiodicSRS-ResourceTrigger set to 2 or an entry in aperiodicSRS-ResourceTriggerList set to 2
	SRS resource set(s) configured with higher layer parameter usage in SRS-ResourceSet set to 'antennaSwitching' and resourceType in SRS-ResourceSet set to 'aperiodic' for a 2nd set of serving cells configured by higher layers

	11
	SRS resource set(s) configured with higher layer parameter aperiodicSRS-ResourceTrigger set to 3 or an entry in aperiodicSRS-ResourceTriggerLis set to 3
	SRS resource set(s) configured with higher layer parameter usage in SRS-ResourceSet set to 'antennaSwitching' and resourceType in SRS-ResourceSet set to 'aperiodic' for a 3rd set of serving cells configured by higher layers



Table 7.3.1.1.2-25: PTRS-DMRS association for UL PTRS port 0
	Value
	DMRS port

	0
	1st scheduled DMRS port

	1
	2nd scheduled DMRS port

	2
	3rd scheduled DMRS port

	3
	4th scheduled DMRS port



Table 7.3.1.1.2-26: PTRS-DMRS association for UL PTRS ports 0 and 1
	Value of MSB
	DMRS port
	
	Value of LSB
	DMRS port

	0
	1st DMRS port which shares PTRS port 0
	
	0
	1st DMRS port which shares PTRS port 1

	1
	2nd DMRS port which shares PTRS port 0
	
	1
	2nd DMRS port which shares PTRS port 1



Table 7.3.1.1.2-27: void


Table 7.3.1.1.2-28: SRI indication for non-codebook based PUSCH transmission, 
	Bit field mapped to index
	
SRI(s), 
	Bit field mapped to index
	
SRI(s), 
	Bit field mapped to index
	
SRI(s), 

	0
	0
	0
	0
	0
	0

	1
	1
	1
	1
	1
	1

	
	
	2
	2
	2
	2

	
	
	3
	reserved
	3
	3




Table 7.3.1.1.2-29: SRI indication for non-codebook based PUSCH transmission, 
	Bit field mapped to index
	
SRI(s), 
	Bit field mapped to index
	
SRI(s), 
	Bit field mapped to index
	
SRI(s), 

	0
	0
	0
	0
	0
	0

	1
	1
	1
	1
	1
	1

	2
	0,1
	2
	2
	2
	2

	3
	reserved
	3
	0,1
	3
	3

	
	
	4
	0,2
	4
	0,1

	
	
	5
	1,2
	5
	0,2

	
	
	6-7
	reserved
	6
	0,3

	
	
	
	
	7
	1,2

	
	
	
	
	8
	1,3

	
	
	
	
	9
	2,3

	
	
	
	
	10-15
	reserved




Table 7.3.1.1.2-30: SRI indication for non-codebook based PUSCH transmission, 
	Bit field mapped to index
	
SRI(s), 
	Bit field mapped to index
	
SRI(s), 
	Bit field mapped to index
	
SRI(s), 

	0
	0
	0
	0
	0
	0

	1
	1
	1
	1
	1
	1

	2
	0,1
	2
	2
	2
	2

	3
	reserved
	3
	0,1
	3
	3

	
	
	4
	0,2
	4
	0,1

	
	
	5
	1,2
	5
	0,2

	
	
	6
	0,1,2
	6
	0,3

	
	
	7
	reserved
	7
	1,2

	
	
	
	
	8
	1,3

	
	
	
	
	9
	2,3

	
	
	
	
	10
	0,1,2

	
	
	
	
	11
	0,1,3

	
	
	
	
	12
	0,2,3

	
	
	
	
	13
	1,2,3

	
	
	
	
	14-15
	reserved




Table 7.3.1.1.2-31: SRI indication for non-codebook based PUSCH transmission, 
	Bit field mapped to index
	
SRI(s), 
	Bit field mapped to index
	
SRI(s), 
	Bit field mapped to index
	
SRI(s), 

	0
	0
	0
	0
	0
	0

	1
	1
	1
	1
	1
	1

	2
	0,1
	2
	2
	2
	2

	3
	reserved
	3
	0,1
	3
	3

	
	
	4
	0,2
	4
	0,1

	
	
	5
	1,2
	5
	0,2

	
	
	6
	0,1,2
	6
	0,3

	
	
	7
	reserved
	7
	1,2

	
	
	
	
	8
	1,3

	
	
	
	
	9
	2,3

	
	
	
	
	10
	0,1,2

	
	
	
	
	11
	0,1,3

	
	
	
	
	12
	0,2,3

	
	
	
	
	13
	1,2,3

	
	
	
	
	14
	0,1,2,3

	
	
	
	
	15
	reserved



Table 7.3.1.1.2-32: SRI indication for codebook based PUSCH transmission, if ULFPTxModes is not configured, or ULFPTxModes =Mode1, or ULFPTxModes=Mode2 and 
	Bit field mapped to index
	
SRI(s), 

	0
	0

	1
	1



Table 7.3.1.1.2-32A: SRI indication for codebook based PUSCH transmission, if ULFPTxModes=Mode2 and 
	Bit field mapped to index
	SRI(s), 

	0
	0

	1
	1

	2
	2

	3
	Reserved



Table 7.3.1.1.2-32B: SRI indication for codebook based PUSCH transmission, if ULFPTxModes=Mode2 and 
	Bit field mapped to index
	SRI(s), 

	0
	0

	1
	1

	2
	2

	3
	3



Table 7.3.1.1.2-33: Void




RAN1 agreement on UL Full Power Transmission Feature
	The following agreements and conclusions were made in RAN1#94bis:
Agreement
Consider the following potential solutions and other solutions (such as combination of the solutions below) for UL full power transmission. Decision will be made in RAN1#95:
Option 1: Refinement/adjustment of UL codebook is supported
· 1-1: Support a new codebookSubset for non-coherent and partial-coherent transmission capable UEs
· 1-2: Introduce additional scaling factor for uplink codebook
Option 2: UE transparently apply a small cyclic or linear delay
Option 3: Power control mechanism to be modified to support UL full power transmission without precluding the use of full rated PA(s)
· Note: Full rated PA refers to a PA having power not lower than that of the power class
Option 4: Up to UE implementation (no specification impact)


The following agreements and conclusions were made in RAN1#95:
Agreement
Full TX power UL transmission with multiple power amplifier is supported at least for codebook based UL transmission for non-coherent and partial/non-coherent capable UEs
· This specification support is a UE optional feature
· FFS: Whether this applies for the entire codebook or subset of codebook

Agreement
Full TX power UL transmission, one additional option (option 5) is added

Option5: For the precoders with 0 entries, the linear value  of a PUSCH transmission power is scaled by a ratio Rel-16.  The value of Rel-16 is selected up to UE implementation within the range of [Rel-15, 1],  where Rel-15 is the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the number of configured antenna ports for the PUSCH transmission scheme as defined in NR Rel-15 specification.  
· UE is required to maintain consistent Rel-16 value on different occasions of PUSCH transmissions with the same precoder for PUSCH

Agreement
Full TX power UL transmission, option 4 is updated as follows
Option 4: Up to UE implementation with UE capability signalling of full power transmission in UL (no specification impact)


The following agreements and conclusions were made in RAN1 NR-AH 1901:
Agreement
Full TX power UL transmission with multiple power amplifier is supported at least for codebook based UL transmission for non-coherent and partial/non-coherent capable UEs. The support of this feature is indicated by the UE as part of UE capability signalling. For power class 3:
· UE capability 1: for the UE to support full Tx power in UL transmission, full rated PAs on each Tx chain is supported with a new UE capability 
· FFS: detailed power scaling description 
· Note: Full Tx power means UE delivers total power of 23dBm for PC3
· UE capability 2: for the UE to support full Tx power in UL transmission, no Tx chain is assumed to deliver full power with the new UE capability 
· FFS: detailed design
· UE capability 3: for the UE to support full Tx power in UL transmission, subset of Tx chains with full rated PAs is supported with a new UE capability
FFS: Whether all three capabilities will be specified or a subset will be specified
FFS: UE capability signalling/reporting details
Note: Two or more of the above capabilities could be merged depending on the further details
Send LS to RAN4 to provide their view on PC 2 applicability of the new UE capability (Rakesh, vivo).


The following agreements and conclusions were made in RAN1#96:
Agreement
Note: UE capability 1, 2, 3 agreed in RAN1#AH1901 mean the PA architectures.
At least for PC3, UE capability 1, 3 can support full power transmission.
Working assumption: For PC3, UE capability 2 can support full power transmission.
· Companies to check for any implementation issues and/or performance of Rel-16 full power transmission compared to Rel-15 non-coherent codebook subset uplink transmission)

Agreement
Down select among the following two alternatives by RAN1#96bis. As part of UE capabilities signalled the following is included:
Alt1: UE capability signaling of supported one or group of TPMI precoder(s)
Alt3: UE capability signaling of power scaling schemes for full uplink power transmission
· Note: This does not imply any restriction on UE antenna virtualization
· FFS: Whether full uplink power transmission needs to be supported for all precoders


The following agreements and conclusions were made in RAN1#96Bis:
Agreement
For the the 2TX and 4TX case, the linear value of power after power scaling, is divided equally among the non-zero PUSCH ports
· The above applies for the cases including when UE transmitting at P_c_max

Agreement
Supported UE capabilities and supported scheme for UE capability 1
· Option 3
· FFS: Whether to additionally support Option 1-2

Agreement
Regardless of UE capability 1, 2, or 3, signalling of “UL full power tx capability” is supported for UEs with full power uplink transmission capability
· FFS: For UE capability 1, if any other information is necessary
· For UE capability 2 and UE capability 3, in addition to signalling “UL full power tx capability”, further information on UE capability are signalled if needed
· FFS: Details such as support of UE capability signaling of supported one or group of TPMI precoder(s) for full power transmission, support different number of SRS ports for resources for codebook, and other UE capability signaling can be introduced
· FFS: Whether full uplink TX power capability can be explicitly/implicitly derived from the TPMI/TPMI group precoders for full power transmission
UEs with full power uplink transmissions are those Rel-16 UEs which can transmit at full power at least for rank1
The signalling of above information does not imply any specific UE PA architecture implementation.

Agreement
RAN1 will select one of the alternative solutions below to support UE capability 2. Further clarification or details are needed for Alt1, Alt3-1, Alt3-2, and Alt5. Email discussion by 17th of April for companies to provide clarification on Alt1, Alt3-1, Alt3-2, and Alt5. To be coordinated by Rakesh (vivo).
· Alt1: Option1-1 (Support a new codebookSubset for non-coherent and partial-coherent transmission capable UEs, e.g. for 2Tx the new codeboookSubset is all non-antenna selection TPMIs or with only TPMI [1 1] for rank 1)
· Alt3-1: Option3+Option2 (Multiple SRS resources with different number of SRS port(s) in each resource)
· FFS: Whether to additionally support Option 1-2
· Alt3-2: Option3+Option2+ Option1-1 (Multiple SRS resources with different number of SRS port(s) in each resource)
· Alt5: FDM multi-port simultaneous transmission

The following agreements and conclusions were made in RAN1#97:
Working assumption:
Support following scheme for UL full power Tx for UE capability 2 and 3:
· A UE can be configured for one of two modes of full power operation to support ‘Capability 2’ and ‘Capability 3’ subject to UE capability
· A UE can be configured by the network to support full power transmission 
· Mode 1: The UE can be configured with one or more SRS resources with same number of SRS ports (according to Rel-15) within an SRS resource set which usage is set to ‘codebook’
· gNB can configure the UE to use a subset of TPMIs that combine ports in a layer to produce full power transmission.
· A new codebookSubset is introduced only for the rank value(s) where full power transmission in UL is not achievable includes the TPMI precoders in fullyAndPartialAndNonCoherent defined in Rel-15
· FFS: At least a subset of the non-antenna selection TPMI precoder(s) is(are) supported 
· FFS: Additional support of antenna selection TPMI precoders
· Note: as non-coherent UE, it is not capable of maintaining relative phase of antenna ports according to TPMI
· Mode 2: The UE can be configured with one SRS resource or multiple SRS resources with different number of SRS ports within a SRS resource set which usage is set to ‘codebook’
· UE transmits SRS and PUSCH in same manner, whether antenna virtualization is used or not
· Rel-15 codebooks and codebook subsets are used
· Note: Antenna selection precoder can be used to enable full power related PA(s) to produce full power transmission for Capability-3 UE.
· UL full power Tx is achieved for PUSCH transmission according to indicated SRI and/or TPMI
· A set of TPMIs that deliver full power can be signalled by the UE in order to support at least  UEcap3, for SRS resource with more than 1 ports, 
· e.g. For SRI indicating SRS resource with 1 port then single layer PUSCH is transmitted with full power in same manner as single port SRS, if SRI indicating SRS resource with multiple ports is signalled based on Rel-15 MIMO behaviour (transmission rank indicator, TPMI indicator, etc) except the power scaling aspects
· The following cases are not precluded
· For example, for 4TX on UE side (with 20+20+17+17dBm) virtualized as 2 SRS ports, full uplink power transmission can be enabled by precoder [1 0] or [0 1]
· FFS: number of SRS resources supported 
· 2 
· 3 
· FFS: for 4 Tx, how many different TPMIs/TPMI groups support full power
· FFS: any rules for spatial filter update for the SRS resources with different number ports
Note: How to capture the behaviour for ‘Mode 1’ and ‘Mode 2’ in specifications is TBD
Note: For single port, there is no SRI and TPMI
Note: Support of Mode 1, Mode 2 have separate UE capability 


The following agreements and conclusions were made in RAN1 98:
Agreement
For mode 1, 2Tx non-coherent UE, the new codebook subset at least includes rank=1 TPMI=2 defined in Rel-15 which can be used for UL full power transmission

Agreement
For mode 1, 4Tx non-coherent UE, the new codebook subset at least includes, rank 1 TPMI= 13 defined in Rel-15 which can be used for UL full power transmission 
· FFS for the case that part of ports can deliver full power transmission

Agreement
For mode 1, 4Tx non-coherent UE, the new codebook subset
· at least includes, rank 2 TPMI=6 defined in Rel-15
· at least includes, rank 3 TPMI=1 defined in Rel-15

Agreement
For mode 2, in case of non-coherent with 2 ports, support following TPMI indication for rank 1 which support UL full power transmission:
· Rank 1: support {TPMI=0} and {TPMI=1}
· FFS: Details on UE capability signalling 

Conclusion
For mode 2, no additional rule for spatial filter update for SRS resources with different number ports

Agreement
For a capability 1 UE working with full power operations, for PUSCH power control, power scaling factor is fixed to 1

Agreement
For a UE working with Mode1 operation, for PUSCH power control, down-select or merge from the following alternatives in RAN1#98bis
· Alt1: reuse Rel-15 power scaling mechanism.
· Alt2: power scaling factor is configured. 
· Alt3: power scaling factor is determinded by #non-zero-PUSCH-port divided by #SRS-ports in the SRS resource indicated by SRI.
· 
Alt4: A UE can scale its transmit power by  to reach full power, where
· 

 is a scale factor associated with  SRS ports corresponding to the PUSCH transmission and an optional mth TPMI with rank v.
· 

If a TPMI is not associated with , then  is determined without regard to m and v. 
· 

If  is not configured by higher layers, a set of fixed values are defined for .
· 
 is the number of non-zero PUSCH ports being transmitted
· Alt5: For the precoders in the new codebook subset for full power transmission, the power scaling factor is 1.

Agreement
For a UE working with Mode2 operation, for PUSCH power control, down-select or merge from the following alternatives in RAN1#98bis
· Alt1: power scaling factor is determinded by the reported TPMI precoders. 
· Alt2: power scaling factor is configured.
· Alt3: power scaling factor is determinded by #non-zero-PUSCH-port divided by #SRS-ports in the SRS resource indicated by SRI.
· 
Alt4: A UE can scale its transmit power by  to reach full power, where
· 

 is a scale factor associated with  SRS ports corresponding to the PUSCH transmission and an optional mth TPMI with rank v.
· 

If a TPMI is not associated with , then  is determined without regard to m and v. 
· 

If  is not configured by higher layers, a set of fixed values are defined for .
· 
 is the number of non-zero PUSCH ports being transmitted

Agreement
· For 4 TX UEs, a maximum of 4 SRS resources are supported in Mode 2 for usage set to ‘codebook’ in a set
· Depending on UE capability, either up to 2 or 4 SRS resources are supported
· For 2 TX UEs, a maximum of 4 SRS resources are supported in Mode 2 for usage set to ‘codebook’ in a set
· Depending on UE capability, either up to 2 or 4 SRS resources are supported
· For mode 2 UEs, up to 2 different spatial relation info can be configured for all SRS resources with usage set to ‘codebook’
Note: it does not mean to support simultaneous transmission of multiple SRS resources usage is set to ‘codebook’

The following agreements and conclusions were made in RAN1 98bis:

Agreement
· Support RRC configuration to operate in Mode1 or Mode2 subject to UE capability 
· For UE capabilty-2 and-3, gNB can configure a UE to operate in Mode 1 or Mode 2 subject to UE capability
· Note : if UE only supports Mode 1 gNB cannot configure this UE to operate in Mode 2, if UE only supports Mode 2 gNB cannot configure this UE to operate in Mode 1
· FFS: UE capability signaling discussion
· Note: capability-1 UE can be configured with RRC parameter “ULFPTx” to deliver UL full power has been agreed, exact parameter name is up to RAN2
· If gNB does not configure UE for Rel-16 full power UL transmission, Rel-16 UEs operate in Rel-15 behavior

Agreement
For 2Tx in mode 1, 
· For rank=1, TPMI=2, TPMI=0, TPMI=1 are included in new codebook subset for non-coherent UEs with power scaling defined as in [38.213] Rel-15 
· For rank=2, TPMI=0 is included in the new codebook subset

Agreement
For Mode2, 
· Power scaling factor is equal to 1 for the reported TPMI precoders that supports full power Tx
· for the other TPMI precoders, if only one SRS resource is configured, the power scaling factor is determined by #non-zero-PUSCH-port divided by #SRS-ports
· for the other TPMI precoders, the power scaling factor is determined by #non-zero PUSCH port/#SRS ports in the SRS resource indicated by SRI

Agreement
For Mode 1 4TX, for non-full power uplink transmission, antenna selection precoders are included in the new codebook subset following Rel-15 power scaling factor
· FFS: Whether to include antenna selection precoders for full power uplink transmission

Agreement
For full power uplink transmission Mode 1, 4TX partial-coherent, the new codebook subset includes
· Rank1(CP-OFDM): TPMI = 12,13,14,15 
· Rank1(DFT-s-OFDM): TPMI = 12,13,14,15
· FFS: TPMI=16, 17, 18, 19
· FFS: Whether clarification on which port pairs are coherent is needed

The following agreements and conclusions were made in RAN1 99:

Agreement
The size of precoding information and number of layers field in DCI is determined by the maximum number of ports among the SRS resources in the SRS resource set with usage of codebook.
0. If the number of ports for a configured SRS resource is less than the maximum SRS port number among the configured SRS resources, the most significant bit(s) shall be reserved.

Agreement
· RRC parameters ULFPTx, ULFPTxModes are configured per UL BWP

Agreement
For 2 ports, number of bits to indicate TPMI(s) which can deliver UL full power: 
· 2 bits (bitmap)
· Whether is this capability reporting is optional or not will be discussed as part of UE capability discussions

Agreement
For 4 ports, number of bits to indicate TPMI(s) which can deliver UL full power:
0. Non Coherent 2 bits
0. Partial coherent 4 bits
1. Additional entries on top of existing entries may be added to table 1 and table 2
0. Whether is this capability reporting is optional or not will be discussed as part of UE capability discussions
Table 1.
	4Tx, nonCoherent
	4Tx, partial coherent (4bit)

	G0
	G0

	G1
	G1

	G2
	G2

	G3
	G3

	
	G4

	
	G5

	
	G6

	
	



Definition of G0~G6 can be found in the table below.
Table 2.

[image: ]




RAN4 agreement on UL Full Power Transmission Feature
RAN4#94-e:
	<Approved WF on Uplink Full Power Transmission, R4-2002801>
Guidelines:
· All the agreements in this WF are for Rel-16 eMIMO WI and this scope may not be reiterated for detailed issues.
· The numbering scheme is in accordance with second round discussion in [1]
Sub-topic 2-1: General Scope and Assumption in Rel-16 eMIMO
· Issue 2-1-1: General Assumption for UE Supported Mode
· UE’s support of full power transmission feature’s mode shall follow RAN1 and RAN2 design;
· If UE claim its support of a mode (from mode-1, mode-2 and the other mode), corresponding performance requirement shall be tested. 
· Issue 2-1-2: Down-scoping by only considering UE supporting 2 TX ports
· RAN4 only specify requirement for UE supporting 2TX ports. 
· Issue 2-1-3: Down-scoping by only considering FR1
· At least define UE RF requirement for FR1;
· FFS for FR2. 
· Issue 2-1-4: Down-scoping on possible physical implementation for Mode-0, 1, and 2
· FFS UE is not assumed to have 20dBm PA implementation on any single TX antenna connector.  
· Issue 2-1-5: Clarification on appropriate chapter for full power transmission MOP tests (for FR1)
· Keep Section 6.2 in TS38.101-1 only for single port.  
· FFS UE fallback behaviour for single port transmission, and how to capture the requirement (if any) in the specification.
· MOP requirement for full power transmission with 2 TX ports configured for FR1 shall be captured 
· Option-1:  in Section 6.2D
· Option-2:  in new section.
· Issue 2-1-6 UE behavior for fallback DCI (DCI_0_0) 
· Option 1: Antenna virtualization shall be allowed
· Option 2: Antenna virtualization is not allowed for fallback DCI 
· Option 3: UE behaviour for fallback DCI is not needed to be discussed.
Sub-topic 2-2: Test Configuration and Requirement Applicability for Full Power Transmission MOP Test
· Issue 2-2-1: For Mode 1 UE,
· Only DFT-s-OFDM waveform need to be verified if Rel-15 UL-MIMO rank2 is supported and verified.
· Issue 2-2-2: For Mode 2 UE with 2 ports configuration
· RAN4 core requirement is defined based on full power TPMI(s) UE support;
· It is up to RAN5 to select test configuration to perform test. 
· Issue 2-2-3: For Mode 2 UE with 1 port configuration
· Option-1: no need to test
· Option-2: Full power transmission with 2 TX antenna connectors should be verified (sum over two antenna connectors), i.e., either UE with antenna virtualization (23+23dBm) or UE with full rated PA (26dBm) is allowed.
· Issue 2-2-4: For Mode 0 UE (“the other mode”) with 2 ports configuration
· Option-1: All supported full power TPMIs are tested
· Option-2: Select only one of full power TPMI(s) for test
· Option-3: RAN4 core requirement is defined based on all supported full power TPMIs, and it is up to RAN5 to select test configuration to perform test. 
Sub-topic 2-3: Unwanted Emissions for Full Power Transmission for FR1
· Issue 2-3-1: Whether unwanted emissions requirement are defined for full power transmission for FR1
· Unwanted emissions to be verified for the configuration(s) of full power transmission, in which MOP requirement is defined and tested.
· Issue 2-3-2: How unwanted emissions requirement are tested for full power transmission for FR1
· The individual outputs of all transmitting antennas shall be summed across frequency and compliance to the SEM requirement should be verified.
Sub-topic 2-4: UE Power Class Capability
· Issue 2-4-1: New power class capability
· FFS new power class capability for full power transmission,
· Option-1: adding a new power-class capability for two-layer transmissions per NR band (Rel-16)
· Option-2: New power class capability can be defined for a UE transmitting over multiple antennae per NR band. The new power class will be determined as the sum of power on all antennae.
· Option-3: add new power class but how to add depends on the outcome of “EN-DC power class and UL MIMO clarifications” topic in agenda 6.5.4.1
· Option-4: No need to introduce new power class
Reference: 
[1] R4-2002885,	Email discussion summary for RAN4#94e_#16_NR_eMIMO_UE_RF, Samsung, RAN4#94-e



RAN4#94-bis-e:
	<Approved WF on Uplink Full Power Transmission, R4-2005652>
· Transparent Tx Diversity (TxD) in Rel-16 (TBD its applicability for UEs supporting or not supporting full power transmission)
· Transparent TxD shall be allowed for FR1 in Rel-16: 
· Necessary changes to Rel-16 RAN4 specification is needed to allow the UE behavior of transparent TxD in FR1;
· TBD (Accordingly RAN5 will change test cases to allow transparent TxD)
· From Rel-16 and beyond, SA UE declaring PC2 HPUE shall have 26dBm MOP for both 1TX port transmission and 2TX UL-MIMO (if supported)
· For UE with 23dBm+23dBm PA architecture, transparent TxD shall be used to have 26dBm MOP for 1TX port transmission. 
· TBD how the requirements will be specified
· Conclusion of Rel-16 discussion will have no impact on Rel-15
· TBD how to capture the requirements for different UEs
· Clarification on Transparent TxD
· Scenario-1: 
· NW use DCI format 0_0 to schedule PUSCH for 1layer 1Tx antenna port transmission, or
· NW configured 1 SRS port in one SRS resource and use DCI format 0_1 to schedule codebook-based PUSCH transmission PUSCH with precoder [1] for 1layer 1Tx antenna port transmission.
· Transparent TxD shall be allowed in Scenario-1;
· If transparent TxD is used in Scenario-1:
· Transmission come out from two antenna connectors;
· FFS measurement configuration for transparent TxD transmission, e.g., 
· the way to adjustment of relative phase coherence between TX branches;
· the way to derive verdicts under the condition in which the active antennas are unknown;
· the way to derive EVM measurement results after measuring per antenna connector;
· etc.
· Scenario-2: 
· UE supports 2 SRS ports;
· NW configured 2 SRS ports in one SRS resource;
· NW use DCI format 0_1 to schedule codebook-based PUSCH transmission with precoder [1 0] or [0 1] in 1layer 2Tx precoder codebook, which corresponding to 2 SRS ports in the SRS resource 
· The scheduled precoder [1 0] or [0 1] in Scenario-2 is not regarded as “transparent TxD” for two antenna connector implementation.
· In Scenario-2, can “transparent TxD” be applied to non-zero power 1 TX in precoder [1 0] or [0 1]? 
· Option-1: No.  
· Option-2: Yes
· Scenario-3: 
· UE supports 2 SRS ports;
· NW configured 2 SRS ports in one SRS resource;
· NW use DCI format 0_1 to schedule codebook-based PUSCH transmission with precoder [1 1] in 1layer 2Tx precoder codebook, which corresponding to 2 SRS ports in the SRS resource. 
· The scheduled precoder [1 1] in Scenario-3 is not regarded as “transparent TxD”. 
· New Power Class Capability
· No need to introduce a new power-class capability because power class declaration should be applied to all transmission modes from Rel-16.
· General Scope and Assumption for UL Power Transmission (ULFPTx)
· In Rel-16 eMIMO, FFS how to introduce UE RF requirement for ULFPTx feature in FR2:
· Companies are encouraged to bring CR to introduce UE RF requirement for ULFPTx feature in RAN4 May meeting. 
· In which specification clause to capture MOP requirement for ULFPTx:
· MOP requirement for ULFPTx with 2 TX ports configured for FR1 should be specified in Section 6.2D;
· Test Configuration and Requirement Applicability for ULFPTx
· For Mode 1 UE ULFPTx feature, the following applicability rule should be followed: 
· Mode 1 UE shall support TPMI [1 1] with full power transmission when Rel-16 ULFPTx Mode 1 is configured. 
· For Mode 2 UE with 1 port configuration, no new ULFPTx MOP requirement is needed to be introduced in clause 6.2D.
· ULFPTx MOP requirement in this case can be guaranteed by MOP requirement for fallback DCI as captured in general requirement in clause 6.2
· For Mode 0 UE (“the other mode”) with 2 ports configuration:
· RAN4 core requirement is defined based on all supported full power TPMIs, and it is up to RAN5 to select test configuration to perform test.
· For Mode 0 UE (“the other mode”) with 1 port configuration, no new ULFPTx MOP requirement is needed to be introduced in clause 6.2D.
· ULFPTx MOP requirement in this case can be guaranteed by MOP requirement for fallback DCI as captured in general requirement in clause 6.2


Additionally, the following agareement is captured in Chairman Notes: 
	Agreement:
The applicability of Transparent TxD is NOT related to UE supporting or not supporting Rel-16 ULFPTx.
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