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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. 
For the UL full power transmission (ULFPTX), WF was approved in RAN4#94-e, as R4-2002801, in which various aspects for defining corresponding RF requirements are listed for further discussion, including: 
· General scope and assumption;
· Test configuration and requirement applicability for full power transmission MOP test;
· UE Power class capability.
As guided by Chairman, the discussion on introduce new bands for UL-MIMO in Rel-16 will also be treated in this agenda, so this topic is also summarized for email discussion.  
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. 

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

	R4-2004473
	Qualcomm
	Proposal 1: A UE is not required to meet pi/2 BPSK performance requirements with all possible filter coefficient sets. 
Proposal 2: Pi/2 BPSK DMRS can be treated as a separate specification in the MPR tables

	R4-2004737
	Huawei
	Observation 1: Two sets of MPR for Pi/2 BPSK are distinguished based on whether pulse shaping is utilized to reduce the PAPR of the waveform.
Observation 2: PAPR of DMRS with or without FDSS is quite different, thus the study should be focused only on DMRS with FDSS or pulse shaping techniques.
Observation 3: Only the relative comparison of MPR improvement for different DMRS is meaningful since the requirements in the specification are not determined purely by simulation campaign.
Observation 4: MPR can be improved a little bit for Pi/2 BPSK DMRS with FDSS compared to ZC DMRS with FDSS, but not too much
Observation 5: The MPR improvement even with newly designed DMRS sequence cannot reach the power boosting level defined in Rel-15 spec
Observation 6: The Rel-15 power boosting requirements for Pi/2 BPSK are over optimistically defined
Proposal 1: Rel-15 power boosting requirement for Pi/2 BPSK should be revisited firstly, then to consider whether MPR improvement based on Pi/2 BPSK DMRS should be defined in Rel-16
Proposal 2: If Rel-15 MPR for Pi/2 BPSK cannot be revised, then there is no RF requirements should be specified for new DMRS design.



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: Rel-15 MPR requirement for Pi/2 BPSK
· Proposals
· Proposal 1 (Huawei): Revisit firstly before consider whether MPR improvement based on Pi/2 BPSK DMRS should be defined in Rel-16
· Proposal 2 (Qualcomm): FFS further optimization of MPR for ZC based DMRS; this evaluation can proceed in parallel under the TEI WI.
· Recommended WF
· Companies’ views are collected in 1st round discussion. 

Issue 1-1-2: Rel-16 MPR requirement for Pi/2 BPSK
· Proposals
· Proposal 1 (Huawei): If Rel-15 MPR for Pi/2 BPSK cannot be revised, then there is no RF requirements should be specified for new DMRS design, based on following observations:
· MPR can be improved a little bit for Pi/2 BPSK DMRS with FDSS compared to ZC DMRS with FDSS, but not too much
· The MPR improvement even with newly designed DMRS sequence cannot reach the power boosting level defined in Rel-15 spec
· Proposal 2 (Qualcomm): Pi/2 BPSK DMRS can be treated as a separate specification in the MPR tables (but MPR number can be discussed). 
· 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 1-1-1: Rel-15 MPR requirement for Pi/2 BPSK
Proposal 2. Need RAN4 approves it as a Rel-15 TEI
Issue 1-1-2: Rel-16 MPR requirement for Pi/2 BPSK
Proposal 2

Sub topic 2-2:
….
Others:

	Huawei
	Sub topic 1-1: 
Issue 1-1-1: Rel-15 MPR requirement is connected with the newly designed DMRS sequence. If the requirement is over defined, we need to consider the possible improvement based on a correct basis.
Issue 1-1-2: Based on our simulation results and the results provided during Rel-15, it is difficult to meet even the boosting MPR requirements in Rel-15. The objective is to identify the impact on RF requirements, if needed then to specify the RF requirements, which means that we don’t have to define new requirements in Rel-16. 

	Qualcomm
	Sub topic 1-1:  
Issue 1-1-1: Rel-15 MPR requirement for Pi/2 BPSK
We would like to stick to WID wording without increasing WI scope: ‘Identify impact on RF requirements for the reduced PAPR pi/2-BPSK DMRS for FR1 and, if needed, specify RF requirements’. Changing MPR for pi/2 BPSK carried over from rel-15 can take place once there is a WI driving it

Issue 1-1-2: Rel-16 MPR requirement for Pi/2 BPSK
We think that Pi/2 BPSK DMRS with FDSS should be specified in the mpr tables under a separate specification as it is a new DMRS scheme and it does provide palpable benefits. Why must Pi/2 BPSK DMRS achieve Rel-15 power boost levels for mpr improvement to be viable? There are other intermediate targets with tangible benefits.

	Samsung
	Sub topic 1-1: 
Based on WID, “Identify impact on RF requirements for the reduced PAPR pi/2-BPSK DMRS for FR1 and, if needed, specify RF requirements”, by this meeting, we need to identify the impact otherwise we need to make the clear conclusion that MPR requirement for Pi/2 BPSK DMRS will not be introduced. Whether Rel-15 power boosting requirement for Pi/2 BPSK needs revisit or not can be discussed in Rel-15 TEI to correct existing requirement if needed, but it is out of scope of Rel-16 eMIMO WI.

	Nokia
	Issue 1-1-2: Rel-16 MPR requirement for Pi/2 BPSK
Based on our studies presented in R4-2000517 we believe that REL-16 PI/2 PBSK MPR can be improved. This can be done by complementing current MPR table. Improvement and shaping should be further discussed. Enhancement should apply to both FR1 and FR2.


 
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

	XXX
	Company A

	
	Company B

	
	

	YYY
	Company A

	
	Company B

	
	


[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: Rel-15 MPR requirement for Pi/2 BPSK
Summary: Companies have different observations on whether or not revisit on Rel-15 MPR requirement is needed, and where to discuss this. 
[Moderator] Considering there is no Rel-15 TEI time slot in this meeting, and this topic is related to Rel-16 MPR requirement enhancement for new DMRS waveform, so we suggest companies can focus on technical difference and in next meeting we can suggest chairman to have Rel-15 TEI to discuss that. 
Tentative agreements:
Candidate options:
Recommendations for 2nd round:
· Discuss a compromised solution for Rel-15 MPR. 

Issue 1-1-2: Rel-16 MPR requirement for Pi/2 BPSK
Summary: Qualcomm, Nokia, Intel are agree with the Qualcomm’s proposal, i.e., “Pi/2 BPSK DMRS can be treated as a separate specification in the MPR tables (but MPR number can be discussed).” while Huawei propose that no improvement (over Rel-15 MPR requirement) is obtainable. 
Recommendations for 2nd round:
· Discuss the compromised observation based on WID “Identify impact on RF requirements for the reduced PAPR pi/2-BPSK DMRS for FR1”. 
· If no agreement on “whether or not there is RF requirement impact for the reduced PAPR pi/2-BPSK DMR for FR1” by the end of Rel-16 eMIMO WI, it is suggested that RAN4 should not introduce corresponding requirement in Rel-16 eMIMO WI. 

Other Issue: Enhancement to FR2
[Moderator] The WID has been revised as: “Identify impact on RF requirements for the reduced PAPR pi/2-BPSK DMRS for FR1 and, if needed, specify RF requirements” Accordingly, enhancement on FR2 MPR requirement for pi/2 BPSK DMRS is out of the scope for discussion. 
Tentative Agreement: 
· According to updated WID, enhancement on FR2 MPR requirement for pi/2 BPSK DMRS is out of the scope and no further discussion is needed. 
Recommendations for 2nd round: 
· Suggest RAN4 chairman to approve the above tentative agreement. 



Suggestion 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 provided recommendation on CRs/TPs Status update suggestion 
	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

	R4-2003216
	Intel
	Observation 1: Rank=1 full power transmission has been specified in 38.101-2.
Proposal 1:  FR2 is out of scope
Proposal 2: UE is not assumed to have 20dBm PA implementation on any single TX antenna connector.
Proposal 3: Section 6.2D is preferred. If new section is introduced, only new requirements should be defined.
Proposal 4: The UE behavior for fallback DCI (0_0) is determined by rank=1 Tx full power transmission modes UE supported; it is up to UE capability.
Proposal 5: full power transmission with 2 Tx antenna connectors should be verified under mode 1 configuration, not mode 2.
Proposal 6: Both Option 3 and 1. Option 3 is preferred.
Proposal 7: 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

	R4-2003537
	Samsung
	Proposal 1: RAN4 continue the discussion of ULFPTX feature with both FR1 and FR2 into account. 
Proposal 2: RAN4 should follow the conclusion on Rel-15/16 transparent TX diversity in RAN4/5 specification (discussed in Agenda 4.4.2.1), to determine whether or not transparent TxD is allowed to be used for 1 port SRS TX for Mode-2 UE.
Proposal 3: For down-scoping on possible physical implementation for Mode-0, 1, and 2, UE is not assumed to have 20dBm PA implementation on any single TX antenna connector. 
Proposal 4: MOP requirement for full power transmission with 2 TX ports configured for FR1 should be specified in Section 6.2D. 
Proposal 5: RAN4 should follow the conclusion on Rel-15/Rel-16 UE power class discussion (i.e., whether UE declared PC should be applicable to all transmission mode), to determine UE fallback behaviour for single port transmission, and how to capture the requirement (if any) in the specification.
Proposal 6: From Rel-16 and beyond, SA UE declaring PC2 HPUE shall have 26dBm MOP for both 1TX and 2TX UL-MIMO if supported, i.e., following the principle that UE declaring PC2 should deliver total 26dBm MOP regardless of transmission mode. 
Proposal 7: For Mode 1 UE ULFPTX feature, the following applicability rule should be followed: 
  - Mode 1 UE shall only support nonCoherent codebook;
  - UE is not expected to report the support of Mode 1 ULFPTX and full coherent codebookNote.
Note: Since 2TX codebook considered in Rel-15 ULFPTX, only full coherent and non-coherent codebook subset exist.
Proposal 8: For Mode-2 UE, ULFPTX MOP with 1 port configuration is no needed to be tested in Rel-16. 
Proposal 9: 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.
Proposal 10: For Mode-0 UE, ULFPTX MOP with 1 port configuration is no needed to be tested in Rel-16. 
Proposal 11: Because we propose PC declaration should be applied to all transmission modes from Rel-16 and beyond, there is no need to introduce new power class.

	R4-2003874
	Ericsson
	Observation 1: more than one mode may be supported by the UE, e.g a Mode 0 or Mode 2 UE may also support Mode 1.
Observation 2: the gNB configures the UE with a FP mode in the PUSCH-Config; if no FP mode is provided then Rel-15 behaviour applies. 
Proposal 1: Fall-back (DCI 0_0) is tested for all modes and the UE shall comply with requirements according to its power-class capability (ue-PowerClass) in fall-back regardless of FP mode. Antenna virtualization is allowed.
Proposal 2: consider adding a new power-class capability for two-layer transmissions per NR band (Rel-16).
Observation 3: a new capability element would be part of a Rel-16 extension of the existing capability signaling; should a Rel-15 UE provide the additional Rel-16 field, it might also be read by a gNB supporting Rel-16 signaling.
Proposal 3: 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).

	R4-2003907
	OPPO
	Observation 1:   DCI_0_0 behavior already been discussed in Rel-15 and basic requirements are defined and tested in Rel-15.
Observation 2:   Antenna virtualization is UE implementation specific and no harm is observed to support it by RAN4, thus shall be allowed.
Proposal 1:        Implementing antenna virtualization is allowed.
Observation 3:   There is power capability ambiguity under single antenna port mode, caused by optionally implement antenna virtualization as in Rel-15.
Proposal 2:       Introducing a new power class capability in addition to Rel-15 power class capability to remove the power class ambiguity in single antenna port mode.
Observation 4:   No matter UE support eMIMO or not, the Rel-15 basic requirements will be tested, therefore double check the full rated PA performance is unnecessary.
Proposal 3:       No need to test 1 port configuration for mode 2 UE.
Proposal 4:       Requirements are defined for all the TPMIs and leave the chosen of testing TPMI to RAN5.

	R4-2004056
	vivo
	Proposal 1: Only focus in FR1 specification in R16.
Proposal 2: Set up some reference architecture in case there is a need in defining requirements.
Proposal 3: Do not consider specific test for fall back DCI (DCI_0_0).
Proposal 4: Requirements for Mode 2 UE with 1 port configuration is suggested to be not defined.
Proposal 5: One possible compromise is RAN4 core requirements defined based on all the TPMIs while up to RAN5 to select one to perform test.
Proposal 6: Settle Rel-15 first before defining UE power class capability for Rel-16.

	R4-2004474
	Qualcomm
	Proposal 1: UE should be tested in all modes it supports
Proposal 2: Tx full power capability should be developed for both FR1 and FR2
Proposal 3: Modes 0, 1 and 2 should be retained as possible modes of operation
Proposal 4: Modes 0,1 and 2 should be considered for all power classes
Proposal 5: Change emissions testing wording as follows:
•	The individual emissions results from each antenna will be summed across frequency and verified to meet the SEM requirements. 
Proposal 6: UEs transmitting over multiple antenna shall have a new power class determined as the sum of the power on all antennae.
Proposal 7: Rel-16 fall back behaviour shall follow Rel-15 if virtualization is agreed and if not agreed for Rel-15, it is up to discussion.
Proposal 8: Decision if PA capability 2 for mode 2 is enabled should be based on availability of agreements for requirements for antenna virtualization.

	R4-2004738
	Huawei
	Conclusion: 
During last RAN meeting, it seems that most companies are fine to discuss Rel-16 UE requirements as a package CR. In the following Rel-16 meetings, our focus should be on the draft CR for the MOP requirements and companion verification of SEM requirement to fulfill the full power transmission.

	R4-2004869
	Qualcomm
	Proposal: An FR2 UE that supports ULFPTx shall be configured according to its declared full power transmission mode for compliance testing.

	R4-2004977
	Qualcomm
	Observation 1: Configuring UE transmission ports are set by configuring number SRS resource ports
Observation 2: Configuring transmissions to one or more ports when number of configured SRS ports is > 1 is done by assigning TMPIs 
Observation 3: When UE is configured for single port transmissions by setting number of SRS port to 1, general requirements apply 
Observation 4: WI targets can be met without specifying tx diversity by defining RAN4 requirements only for PA capability 1 and 3.
Observation 5: PA capability 2 with mode 2 is only case when TAV needs to be enabled in specification
Proposal 1: To enable WI completion in time, we propose not to specify TAV for FP UL MIMO i.e. preclude PA capability 2 in mode 2. 
Observation 6: 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
Observation 7: How to write a requirement for ACLR for 2 Tx UE’s in RAN4 is not clear 
Observation 8: EVM calculation method for 2Tx UE’s when tested from each connector will need careful updates in RAN4 specifications
Proposal 2: Technical issues in LS [3] are addressed before agreeing CRs for TAV



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: General Scope and Assumption for ULFPTX
Sub-topic description:
Open issues and candidate options before e-meeting:
Issue 2-1-1: Down-scoping by not considering ULFPTX feature in FR2
· Proposals: 
· Option 1 (Intel, vivo): Only focus in FR1 in R16 ULFPTX. (From Intel’s understanding, Rank=1 full power transmission has been specified in 38.101-2)
· Option 2 (Qualcomm, Samsung): Both FR1 and FR2 should be considered. 
· Option 2a (Qualcomm): An FR2 UE that supports ULFPTx shall be configured according to its declared full power transmission mode for compliance testing.
· Recommended WF
· Companies’ views are collected in 1st round discussion. 

Issue 2-1-2: Clarification on appropriate chapter for ULFPTX MOP tests:
· Proposals: 
· Option 1 (Samsung, Intel): MOP requirement for full power transmission with 2 TX ports configured for FR1 should be specified in Section 6.2D.
· Option 1a (Ericsson): MOP requirement for full power transmission with 2 TX ports configured for FR1 should be specified in Section 6.2D, but in separate new sub-clausese noting that the Rel-15 behavior in existing sub-clauses is still part of FP operation (fallback if no FP mode is configured).
· Recommended WF
· Companies’ views are collected in 1st round discussion. 

Sub-topic 2-2: Transparent TxD in Rel-16
Sub-topic description:
Open issues and candidate options before e-meeting:
Issue 2-2-1: Clarification on Transparent TxD: 
· [Moderator] Thanks to the clarification below, transparent TxD is clarified, and we assume it should be the common understanding.  
· Clarifications:
· Clarification-1 (Qualcomm): Transparent TxD (or called transmit antenna port virtualization) means that logical antenna port mapping to antenna connector is not 1 to 1 any more but when UE is configured for single SRS port but transmission may com out two connectors or when UE is configured for two SRS ports but UE is assigned a precoder [1 0] or [0 1], the transmission may come out of two connectors. In this context, when precoder [1 1] is assigned for rank-1 transmission, we will not assume it is called tx diversity or TAV but merely a rank-1 transmission with TMPI [1 1].
· Clarification-2 (Qualcomm): When UE is configured for single port transmissions by setting number of SRS port to 1, general requirements apply (TS38.101-1 general section). 
· Recommended WF
· Companies’ views are collected in 1st round discussion. 


Issue 2-2-2: Whether or not 20dBm PA is considered?
· [Moderator] This discussion is based on the premise, i.e., transparent TxD is confirmed to be introduced based on the transparent TxD discussion in Rel-15 email thread. 
· Proposals (for FR1): 
· Option 1 (Samsung, Intel): For possible physical implementation for Mode-0, 1, and 2, UE is not assumed to have 20dBm PA implementation on any single TX antenna connector.
· Option 2 (Qualcomm): 20dBm PA is allowed, i.e., Modes 0, 1 and 2 should be considered for all power classes
· Recommended WF
· Companies’ views are collected in 1st round discussion. 

Issue 2-2-3: FR1 ULFPTX Mode-1 UE behavior for 1TX (DCI_0_0 and DCI_0_1 with 1 TX port)
· [Moderator] This discussion is based on the premise, i.e., transparent TxD is confirmed to be introduced based on the transparent TxD discussion in Rel-15 email thread. The discussion is related to power class declaration’s applicability on 1TX transmission. Furthermore, it is the moderator’s understanding that we only need to focus on Mode-1 UE since seems we have no reason for not supporting full power transmission in fallback mode for Mode-0 and 2 UE. 
· Proposals: 
· Option 1 (Samsung): From Rel-16 and beyond, SA UE declaring PC2 HPUE shall have 26dBm MOP for both 1TX and 2TX UL-MIMO if supported, i.e., following the principle that UE declaring PC2 should deliver total 26dBm MOP regardless of transmission mode.
· Note: Transparent TxD is allowed or not depends on conclusion from the transparent TxD discussion in Rel-15 email thread, but if transparent TxD is not allowed in Rel-16, Option 1 means Mode-1 UE can’t achieve claimed power class in DCI_0_0 and DCI_0_1 with 1 TX port.
· Option 1a (Ericsson): Fall-back (DCI 0_0) is tested for all modes and the UE shall comply with requirements according to its power-class capability (ue-PowerClass) in fall-back regardless of FP mode. Antenna virtualization is allowed.
· Option 2 (Intel, vivo): The UE behavior for fallback DCI (0_0) is determined by rank=1 Tx full power transmission modes UE supported; it is up to UE capability.
· Option 3 (OPPO): Introducing a new power class capability in addition to Rel-15 power class capability to remove the power class ambiguity in single antenna port mode.
· Option 4 (Huawei): no difference compared to Rel-15. 
· Recommended WF
· Companies’ views are collected in 1st round discussion. 

Issue 2-2-4: Whether transparent TxD is allowed to be used for 1 port SRS TX for Mode-2 UE
· [Moderator] Based on some companies’ proposal, even transparent TxD is allowed in Rel-16 (e.g., for fallback DCI for Mode-1 UE), RAN4 still need clarify whether or not transparent TxD is allowed for 1 port SRS TX for Mode-2 UE. 
· Proposals (for FR1): 
· Option 1 (Ericsson): Transparent TxD is allowed to be used for 1 port SRS TX for Mode-2 UE. 
· Option 2 (Samsung): Based on the conclusion from the transparent TxD discussion in Rel-15 email thread. 
· Option 3 (Qualcomm): To enable WI completion in time, not to specify Transparent TxD for FP UL MIMO i.e. preclude PA capability 2 in mode 2.
· Recommended WF
· Companies’ views are collected in 1st round discussion. 

Sub-topic 2-3: Test Configuration and Requirement Applicability for Full Power Transmission MOP Test
Sub-topic description 
Open issues and candidate options before e-meeting:
Issue 2-3-1: For Mode 1 UE, requirement applicability (remaining issue):
· Proposals: 
· Proposal 1 (Samsung, Ericsson): For Mode 1 UE ULFPTX feature, the following applicability rule should be followed: 
· Mode 1 UE shall only support nonCoherent codebook;
· UE is not expected to report the support of Mode 1 ULFPTX and full coherent codebook.
· Note: Since 2TX codebook considered in Rel-15 ULFPTX, only full coherent and non-coherent codebook subset exist.
· Recommended WF
· Companies’ views are collected in 1st round discussion. 

Issue 2-3-2: For Mode 2 UE with 1 port configuration, test configuration and requirement applicability:
· Proposals: 
· Option 1 (Samsung, Intel, OPPO, vivo): ULFPTX MOP with 1 port configuration is not needed to be defined and tested in Rel-16.
· Recommended WF
· Companies’ views are collected in 1st round discussion.

Issue 2-3-5: For Mode 0 UE (“the other mode”) with 2 ports configuration, test configuration and requirement applicability
· Proposals: 
· Option 1 (Samsung, Intel, OPPO, vivo): 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.
· Option 2: 
· Recommended WF
· Companies’ views are collected in 1st round discussion.

Issue 2-3-6: For Mode 0 UE (“the other mode”) with 1 port configuration, test configuration and requirement applicability
· Proposals: 
· Option 1 (Samsung): ULFPTX MOP with 1 port configuration is no needed to be tested in Rel-16.
· Option 2: 
· Recommended WF
· Companies’ views are collected in 1st round discussion.

Sub-topic 2-4: Unwanted Emissions
Sub-topic description 
Open issues and candidate options before e-meeting:
Issue 2-4-1: Unwanted emissions (remaining issues)
· Proposals: 
· Proposal 1 (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).
· Proposal 2 (Qualcomm): Change emissions testing wording as follows:
· The individual emissions results from each antenna will be summed across frequency and verified to meet the SEM requirements.
· [Moderator] Testability issues proposed by Anritsu in sub-topic 2-2 should be further considered here as relevant issues. 
· Recommended WF
· Companies’ views are collected in 1st round discussion.

Sub-topic 2-5: UE Power Class Capability
Sub-topic description 
Open issues and candidate options before e-meeting:
Issue 2-5-1: New power class capability
· Proposals: 
· Option 1 (Samsung, Huawei): No need to introduce a new power-class capability because power class declaration should be applied to all transmission modes from Rel-16.
· Option 2: Add new power class
· Option 2a (Ericsson): adding a new power-class capability for two-layer transmissions per NR band (Rel-16)
· Option 2b (OPPO): Introducing a new power class capability in addition to Rel-15 power class capability to remove the power class ambiguity in single antenna port mode.
· Option 2c (Qualcomm): UEs transmitting over multiple antenna shall have a new power class determined as the sum of the power on all antennae
· Option 3: Add new power class depending on other discussion for consistency: 
· Option 3a (Intel): How to add depends on the outcome of “EN-DC power class and UL MIMO clarifications” topic in agenda 6.5.4.1
· Option 3b (vivo): Settle Rel-15 first before defining UE power class capability for Rel-16.
· 
· Recommended WF
· Companies’ views are collected in 1st round discussion.


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

	XXXIntel
	Sub topic 2-1:
Issue 2-1-1: Down-scoping by not considering ULFPTX feature in FR2
Option 1. In FR2, MOP requirements for the general (non UL-MIMO) and UL-MIMO have the same minimum peak EIRP and spherical coverage. The two-port polarization power gain has been counted in general case already. 
Issue 2-1-2: Clarification on appropriate chapter for ULFPTX MOP tests:
Don’t see the difference from option 1 and 1a. 
To Ericsson: Could explain the sentence “but in separate new sub-clausese noting that the Rel-15 behavior in existing sub-clauses is still part of FP operation (fallback if no FP mode is configured).”?  
Sub topic 2-2:
Issue 2-2-1: Clarification on Transparent TxD: 
It is good time to have a formal definition of Transparent TxD. In our view, Transparent TxD is “a one port transmission scheme over multiple Tx antennas without CSI feedback based precoding”.  In this sense, “when UE is configured for two SRS ports but UE is assigned a precoder [1 0] or [0 1],” it is not transparent TxD since it need BS to pick the better antenna (antenna selection) by TPMI feedback. 
General requirements should be applied to transparent TxD. But may be need some additional requirements to guarantee Transparent TxD is better than 1 Tx antenna transmission. Otherwise, why is transparent TxD needed? 
 Issue 2-2-2: Whether or not 20dBm PA is considered?
Option 1, no assumption of 20dBm PA. The requirements should be transparent.
Issue 2-2-3: FR1 ULFPTX Mode-1 UE behavior for 1TX (DCI_0_0 and DCI_0_1 with 1 TX port)
Agree with moderator’s view that “we have no reason for not supporting full power transmission in fallback mode for Mode-0 and 2 UE” for 1Tx.
Option 2 and 3. We see option 2 and 3 are similar, it depends on UE capability.
Option 1 is also reasonable with the note.  
Issue 2-2-4: Whether transparent TxD is allowed to be used for 1 port SRS TX for Mode-2 UE
Since mode 2 has 1Tx full PA already in RAN1 discussion, there is no need to have transparent TxD for mode 2 UE. At least not to mandate to have it. In general, transparent TxD is not allowed unless it can be shown better than 1 Tx full power in all channel conditions or antenna selection scheme.  
Sub topic 2-3:
Issue 2-3-1: For Mode 1 UE, requirement applicability (remaining issue):
Clarification question to Samsung and Ericsson regarding proposal 1: does it mean mode 1 UE can not meet coherent requirements? I think for UE supporting coherent UL-MIMO, it can also support non – coherent TPMIs, but not the other way around.
Issue 2-3-2: For Mode 2 UE with 1 port configuration, test configuration and requirement applicability:
There could be some misunderstanding in the proposal 1 to our position. Our view is for mode 2 with 1port configuration with 2Tx antennas for ULFPTX is not supported.  Mode 2 UE supports 1port with a full PA transmission.
Issue 2-3-5: For Mode 0 UE (“the other mode”) with 2 ports configuration, test configuration and requirement applicability
Option 1
Issue 2-3-6: For Mode 0 UE (“the other mode”) with 1 port configuration, test configuration and requirement applicability
Clarification question to Samsung: please clarify why it is not needed to test in Rel-16?  
Sub topic 2-5:
Issue 2-5-1: New power class capability
Option 3a > option 2 

….
Others:

	OPPO
	Issue 2-1-1: This depends on whether RAN1 Rel-15 power scaling is applied also to FR2, if it is then that means Rel-15 FR2 UE also confront with the non-full power issue when configured with 1 layer 2 ports. In this case the Rel-16 ULFPTX feature should applied to FR2.
Issue 2-2-1: Generally ok with the interpretation. And maybe we can make the clarification 2 also applied from Rel-15, i.e. when UE is configured for single port transmissions by setting number of SRS port to 1, general requirements apply (TS38.101-1 general section).
Issue 2-2-2: Support Option 1.
Issue 2-2-3: Option 3, Our preference is defining new power class signalling to differentiate UE power capabilities under single antenna port and UL MIMO, this discussion happens under issue 2-5-1 “New power class capability”.
Issue 2-2-4: Option 1. The handling of transparent TxD should be consistent for all modes. If allowed in mode 1 then we prefer to also be allowed in mode 2.
Issue 2-3-2: Option 1. ULFPTX MOP with 1 port configuration is not needed to be defined and tested in Rel-16.
Issue 2-3-5: Option 1, 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. 
Issue 2-3-6: Option 1. ULFPTX MOP with 1 port configuration is no needed to be tested in Rel-16.
Issue 2-4-1: Both proposals are fine.
Issue 2-5-1: Option 2. Even now we focus on 23+23 case and discussing whether UE is allowed to transmit lower power than the power class capability, however, we need to also consider for UE with 26+26 (capability 1) it actually can achieve 29dBm under UL MIMO while 26dBm in single antenna port if forcing UEs to be same power class then this 26+26 UE has to always limit its full rated PA capability. Actually this is waste of UE power ability. Therefore, we suggest to define new power capability to different single port and UL MIMO. 

	LG Electronics
	Issue 2-1-1: Down-scoping by not considering ULFPTX feature in FR2
Option 1 even RAN1 doesn’t distinguish between FR1 and FR2 but it would be okay for FR2 after FR1 is done. 
Issue 2-1-2: Clarification on appropriate chapter for ULFPTX MOP tests:
Option 1
Issue 2-2-2: Whether or not 20dBm PA is considered? 
Option 2 any PA configurations should be considered from UE implementation’s perspective
Issue 2-2-3: FR1 ULFPTX Mode-1 UE behavior for 1TX (DCI_0_0 and DCI_0_1 with 1 TX port)
Option 2 
Issue 2-3-2: For Mode 2 UE with 1 port configuration, test configuration and requirement applicability:
Option 1
Issue 2-3-5: For Mode 0 UE (“the other mode”) with 2 ports configuration, test configuration and requirement applicability
Option 1
Issue 2-3-6: For Mode 0 UE (“the other mode”) with 1 port configuration, test configuration and requirement applicability
Option 1
Issue 2-4-1: Unwanted emissions (remaining issues)
Keep the same test procedures as before the emission requirements are changed and 3dB tighter emission requirement per connector can be one of good options.
Issue 2-5-1: New power class capability
Option1 but if RAN4 can’t finish the discuss of power class ambiguity in Rel-15, then both option 2b and 2c can be one of possible candidates for new power class capability. 

	Huawei
	Sub topic 2-1: 
Issue 2-1-1: For FR2, since the definition of power class is different from that of FR1, not all full power transmission modes can be supported by FR2, and it is not clear what the meaning of full power transmission for FR2. Whether min peak EIRP and spherical coverage should be considered together for full power transmission? Some clarification is needed for FR2.
Issue 2-1-2: Option 1, do not see the necessity to have separate new sub-clause.

Sub topic 2-2: 
Issue 2-2-1: Ok with clarification 1 of TAV for both single SRS port and two SRS ports. For clarification 2, need to make it clear that the general requirements shall cover multi antenna connectors for single port, even though we call it spec transparent implementation. 
Issue 2-2-2: Option 2. From implementation point of view, 20dBm PA is allowed to be used for PC3.
Issue 2-2-3: The behavior is the same as that for Rel-15, i.e. the power class is the same when UE falls back to single antenna port via DCI 0_0 for the indicated ue-PowerClass and TAV is allowed from Rel-15. 
Issue 2-2-4: Transparent TxD is allowed to be used for 1 port SRS TX for Mode-2 UE. For option 3, if PA capability 2 in mode 2 is excluded, it is not aligned with the clarification 1 in Issue 2-2-1.

Sub topic 2-3: 
Issue 2-3-1: Whether UE supports coherent UL MIMO based on UE capability. No need to mix the full power transmission capability with coherent capability, and it is clear that non-coherent [1 1] code book is used for mode 1.
Issue 2-3-2: Option 1.
Issue 2-3-5: Option 1. 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.
Issue 2-3-6: Option 1. Two ports configuration and corresponding TPMI can be used to test the 1Tx FPT capability.

Sub topic 2-4: 
Issue 2-4-1: Unwanted emissions can be defined per UE level but the test can be performed at each antenna connector with 3dB tightened requirement.

Sub topic 2-5: 
Issue 2-5-1: Option 1. No need to introduce new power class capability, as power class should be the same no matter what’s the transmission mode.

	Qualcomm
	Issue 2-1-1: Options 2 and 2a are not really mutually exclusive. Note that Option 2a wording also solves the problem with mode 1 and no tx diversity in FR1 too i.e. is UE is configured for two ports and TPMI [1 1] 
Issue 2-1-2: Section D can suffice for now, but care need to be taken with some modes and if general requirements are affected, this depends on tx div discussion. It would be better to have proposals on how to write the requirements before agreements where to place them.   
Issue 2-2-2: Discussing which power class is included seem more like a business driven UE support discussion than RAN4 requirement discussion. Could proponents explain what is the technical concern on this issue? 
Once we have requirements written, we can discuss if one power class is excluded or not. Our view is there will be requirement saying “for UE declaring ULFPTX mode 1, requirements under section D will be applicable with the exception that TPMI [1 1] will be configured” so to exclude a power class 3 from ULFPTX we would need to specifically exclude it, maybe in table 6.2D.1-1. 
Excluding 20 dBm PA from this feature would mean that NR-U and FDD UL MIMO are both excluded from ULFPTX MIMO. 
Issue 2-2-3: Option 1a and Option 4 seems to be the same if tx div is specified. But if not, we can conclude if UE does not support mode 2 any full power TPMI, then mode 1 will have 3 dB lower power capability. No new power class is capability is necessary needed. This is the point of Option 1. 
Issue 2-2-4: Option 3, and to clarify if tx div is spefivcied, it should be allowed for every mode, also for mode 2 when configured for 2 SRS ports and full power is declared with [1 0].
Issue 2-3-1: Our view is that UE that supports mode 1 supports TPMI [1 1] when configured for mode 1 and it also supports rel-15 UL MIMO behavior with scaled power for TMPI [1 0] and [0 1]. TS38.213 says “if ULFPTx in PUSCH-Config is provided and codebookSubset in PUSCH-Config is set to nonCoherent or partialAndNonCoherent” so ULFPTX modes are valid only for noncoherent UE’s.   
Issue 2-3-2: With the assumption that the option 1 means that UE is configured for one SRS port and therefore that configuration it will be tested against general requirements in clause 6.2, we agree, no need to define new requirements for this case to 6.2D.  
Issue 2-3-5: Mode 0 UE is assumed to follow power scaling according to 38.213. RAN4 could state this in ran4 requirements and ran5 can choose what to test. 
Issue 2-3-6: Is assumption is that not in addition to the existing requirements in general section 6.2 and for two layer operation in 6.2D, we agree. Ne need to define additional requirements based on ULFPTX mode. 
Issue 2-4-1: For testing power with two logical ports transmitting, 3 dB tighter emissions requirements may work but it will not work for FR2 case and for transparent tx diversity since power maybe split unequally. In ran4, it would be better to define requirements applicability and not define how it is tested. Proposal 2 will cover all cases and it should be adopted. 
Issue 2-5-1: Option 1 is preferred, UE should meet power class requirements regardless of mode and configurations. However, one issue should be noted, if UE declares mode 1 and not mode 2, and transparent tx div is not specified, we can assume UE’s power capability is 3 dB lower than what it declares when configured for single SRS port i.e. when tested against general requirements, 3 dB lower power class must be assumed.  


	Verizon
	FR2 should be considered in the ULFPTx discussoin. It is necessary to ensure all of the possbile modes applicable to differet power classes and the coherenct UL transmission.

	Samsung
	Sub-topic 2-1: 
Issue 2-2-1: Option 2 and 2a are not conflicting since no matter FR1 or FR2 UE need to be configured according to its declared full power transmission mode for compliance testing. FR2 could be considered since (1) some FR2 UE support 2 TX ports with H/V polarization could not support coherent UL transmission, which make TPMI2 not usable; (2) with UE’s indicated support of Mode-2 and other mode, full power transmission is possible with 1TX codebook based on UE capability. 
Issue 2-1-2: Option 1 and 1a are not totally conflicting. For option 1a, need to check the detailed revision. 
Sub-topic 2-2: 
Issue 2-2-1: Two clarifications are aligned with our understanding. 
Issue 2-2-2: Option 1. 
Issue 2-2-3: Option 1. 
Issue 2-2-4: Option 2, but it is also related to the issue 2-3-2: if Mode 2 UE with 1 port configuration is not needed to test MOP for ULFPTx, this issue 2-2-4 is not that important. 
Sub-topic 2-3: 
Issue 2-3-1: Proposal 1 is agreeable. 
Issue 2-3-2: Option 1.
Issue 2-3-5: Option 1.
Issue 2-3-6: Option 1.
Sub-topic 2-4: 
Issue 2-4-1: Support Proposal 1 and 2.
Sub-topic 2-5: 
Issue 2-5-1: Option 1. 

	Nokia
	Issue 2-1-1: Option 2 (and 2a), both FR1 and FR2 requirements should be considered for ULFPTX
Issue 2-2-2: UE should meet all the requirements for the corresponding power class instead of agreeing a certain PA assumption
Issue 2-2-3: Option 1
Issue 2-2-4: Option 2 or if no time to wait the conclusions of the other email discussion, then option 3.
Issue 2-4-1: The same approach as selected in the other Rel-15 email discussion should be selected. In our view it would be clearest if unwanted emissions are measured as the sum of the emissions from all antenna connectors.


	Apple
	Issue 2-2-3: The UE should be able to support MOP for the PC it is signaling to avoid unnecessary ambiguities. In the case Tx div will happen we are for Option 1.

	vivo
	Sub topic 2-1:
Issue 2-1-1: Based on latest analysis, FR2 also need further analysis for R16 ULFPTX. Thus, option 2/2a can be considered. 

Sub topic 2-2: 
Issue 2-2-1: Generally agree with the definition clarification. 
Regarding Intel’s comment, we don’t think there is a need to prove TAV have to be better than singleTx, since at least TAV can use the power of multiple RF chains.
Issue 2-2-2: Still prefer option 1 to exclude this quite untypical PA configuration. 
If requirements would prevent a case of 20dBm output power. Then it may be unnecessary to specify this issue because of spec transparency. 

Issue 2-2-3: Not quite sure about the meaning of this issue. 
Issue 2-2-4: Prefer not test this test point as issue 2-3-2, so no need to clarify.

Sub topic 2-3: 
Issue 2-3-2: Option 1
Issue 2-3-5: Option 1
Issue 2-3-6: Option 1

Sub topic 2-4: 
Issue 2-4-1: Agree with proposal1.


	Ericsson
	Issue 2-1-1: Option 2 the closest, but with focus on FR1 and 2TX initially in view of the complexity of adding the FP modes to conducted testing.
Issue 2-1-2: Option 1a, but we are open to further discussing the specification structure. For FP modes the single-port fallback transmissions will also be tested as a sum over connectors (at least MOP) unlike in the present Rel-15 specification, hence changes in 6.2.1 needed.
Issue 2-2-1: the Clarification-1 of “transparent” TxD needs further clarification. Single-port transmission with antenna virtualization is transparent to the gNB for any mode, hence “transparent” TxD (the SRS port virtualized over several antenna connectors). Clarification-2 is crystal clear.
Issue 2-2-2: a preference for Option 1, but Option 2 acceptable if all modes are tested in fallback to make sure that all meet the advertised power class (ue-PowerClass) regardless of configuration. 
Issue 2-2-3: Option 1a. The gNB should be aware that the UE transmits according to its advertised power class for all transmission and that the core requirements cover these (conformance tests could be reduced should this be possible without loss of test coverage).
Issue 2-2-4: Option 1, it may be the formulation of the issue, but one-port SRS TX for Mode-2 UE is not “forbidden”, it’s part of Mode 2. 
Issue 2-3-1: Proposal 1 (as one of the proponents), including TPMI = 2.
Issue 2-3-2: single-port transmission is fallback, should be tested for all modes to make sure power class is met.
Issue 2-3-6: single-port transmission is fallback, and the Mode 0 has a possible relation to the 23 + 23 dBm implementation discussed in Rel-15.
Issue 2-4-1: Proposal 1 (as proponent)
Issue 2-5-1: one of the alternatives in Option 2. Note that this indication could be used also for Rel-15 UE to completely close the signaling ambiguity issue: the gNB would be made aware that a PC3 UE with UL-MIMO capability and 23 + 23 dBm implementation can meet PC2 for two-layer transmissions; the gNB would read the capability even if not a Rel-16 UE (if bits are present, they would be read).


 
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
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	YYY
	Company A
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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: Down-scoping by not considering ULFPTX feature in FR2
· Option 1 (Intel, vivo, LGE): Only focus in FR1 in R16 ULFPTX. (From Intel’s understanding, Rank=1 full power transmission has been specified in 38.101-2)
· Option 2 (Qualcomm, Samsung, Verizon, Nokia): Both FR1 and FR2 should be considered, and an FR2 UE that supports ULFPTx shall be configured according to its declared full power transmission mode for compliance testing.
· Option 3 (OPPO, Huawei, vivo): Clarification is needed for FR2, like: (a) whether or not full power transmission is not achieved for 1-layer transmission in Rel-15 FR2; (b) whether all ULFPTx mode can be supported in FR2; (c) whether FR2 peak EIRP and spherical coverage should be considered for ULFPTx.
[Moderator] From our information, some of FR2 UE implementation (2Tx ports with H/V polarizations) may not support coherent UL transmission, which make 1layer TPMI2 not usable. Furthermore, with UE’s indicated support of Mode-2 or Mode-0 (“the other mode”), full power transmission is possible with the codebook 1layer TPMI 0/1. Based on that, we suggest to further evaluate the ULFPTx feature’s impact on FR2. 
Tentative agreements: N/A
Candidate options: N/A
Recommendations for 2nd round:
· In this meeting, RAN4 further identify impacted FR2 requirement if ULFPTx feature is introduced in FR2. 

	
	Issue 2-1-2: Clarification on appropriate chapter for ULFPTX MOP tests:
· Option 1 (Samsung, Intel): MOP requirement for full power transmission with 2 TX ports configured for FR1 should be specified in Section 6.2D.
· Option 1a (Ericsson): MOP requirement for full power transmission with 2 TX ports configured for FR1 should be specified in Section 6.2D, but in separate new sub-clauses noting that the Rel-15 behavior in existing sub-clauses is still part of FP operation (fallback if no FP mode is configured).
[Moderator] Based on the discussion till now, the following tentative agreement is agreeable as the common understanding, while the details should be based on text proposal. 
Tentative agreements:
· Chapter to capture MOP requirement for ULFPTx:
· MOP requirement for ULFPTx with 2 TX ports configured for FR1 should be specified in Section 6.2D;
Recommendations for 2nd round:
· Suggest RAN4 chairman to approve the above tentative agreement. 

	Sub-topic#2-2
	Issue 2-2-1: Clarification on Transparent TxD: 
Clarification on Transparent TxD:
· Option-1 (Qualcomm): Transparent TxD (or called transmit antenna port virtualization) means that logical antenna port mapping to antenna connector is not 1 to 1 any more but when UE is configured for single SRS port but transmission may come out two connectors or when UE is configured for two SRS ports but UE is assigned a precoder [1 0] or [0 1], the transmission may come out of two connectors. In this context, when precoder [1 1] is assigned for rank-1 transmission, we will not assume it is called tx diversity or TAV but merely a rank-1 transmission with TMPI [1 1].
· Option-1a (Intel): Transparent TxD is a one port transmission scheme over multiple Tx antennas without CSI feedback based precoding. In this sense, “when UE is configured for two SRS ports but UE is assigned a precoder [1 0] or [0 1],” it is not transparent TxD since it need BS to pick the better antenna (antenna selection) by TPMI feedback.
Clarification on applicable requirement: 
· Clarification-2 (Qualcomm): When UE is configured for single port transmissions by setting number of SRS port to 1, general requirements apply (TS38.101-1 general section). 
[Moderator] Based on 1st round discussion, the following tentative agreement should be agreeable, while further discussion on others. 
Tentative agreements:
· Clarification on Transparent Tx Diversity (TxD), also called as Tx antenna port virtualization: 
· When UE is configured for single SRS port transmission (by setting number of SRS port to 1), transmission come out two antenna connectors if transparent TxD transmission is utilized: 
· In this case, general requirements apply (TS38.101-1 general section);
· Note: measurement configuration for single-port transmission different for FP modes (e.g. adjustment of relative phase coherence between TX branches)
· Further discussion:
· When UE is configured for two SRS ports but assigned precoder [1 0] or [0 1], FFS transparent TxD transmission is allowed or not. 
· Reason for “not be allowed”: SRS port should reflect the ports selected by these precoders
· When UE is configured for two SRS ports but assigned precoder [1 1] rank-1 transmission, it is not called as transparent TxD but merely a rank-1 transmission with TMPI [1 1]. 
· Note: precoder [1 1] rank 1 transmission for Rel-15 only applied to UE supporting coherent codebook
· The above agreement depends on the decision from email discussion NR_NewRAT_UE_RF_Part_2 on transparent TxD is allowed or not in Rel-16. 
· [Ericsson]: how can transparent TxD not be allowed in Rel-16? DCI 0_1 with single-port transmission mean transparent TxD at least for Mode 1. 
Recommendations for 2nd round: 
· RAN4 further discuss the above tentative agreement (and achievable resolution on the above FFS bullet), based on the assumption that transparent TxD is allowed in Rel-16 (which will be decided in email discussion NR_NewRAT_UE_RF_Part_2). 
· [Ericsson]: why is this dependent on the discussion of “allowed” transparent TxD in Rel-15? This is a Rel-16 work item in which many of the issues discussed for Rel-15 can be resolved.
· [Samsung] Transparent TxD is allowed or not in Rel-16 is moved to NR_NewRAT_UE_RF_Part_2 for discussion, based on Chairman’s decision on agenda.

	
	Issue 2-2-2: Whether or not 20dBm PA is considered?
· Option 1 (Samsung, Intel, OPPO, vivo, Ericsson): For possible physical implementation for Mode-0, 1, and 2, UE is not assumed to have 20dBm PA implementation on any single TX antenna connector.
· Option 2 (Qualcomm, LGE, Huawei): 20dBm PA is allowed, i.e., Modes 0, 1 and 2 should be considered for all power classes
· Option 3 (Ericsson, Nokia, Intel): UE should meet all the requirements for the corresponding power class instead of agreeing a certain PA assumption. 
[Moderator] We would like to further explain the intention of proposing this discussion: 
· We are not intended to restrict to use other PA implementation; However, if 20dBm PA can be used while transparent TxD is not enabled by the specification, how Mode-1 UE achieve the claimed power class in fallback mode? 
· Our original intention is to simplify Rel-16 eMIMO discussion by decoupling with transparent TxD as much as possible. If that is not possible, we need to wait for the conclusion from NR_NewRAT_UE_RF_Part_2. 
Tentative agreements: N/A
Candidate options: three options listed above
Recommendations for 2nd round:
· Further discussion on this topic. 

	
	Issue 2-2-3: FR1 ULFPTX Mode-1 UE behavior for 1TX (DCI_0_0 and DCI_0_1 with 1 TX port)
[Moderator] This discussion is based on the premise, i.e., transparent TxD is confirmed to be introduced based on the transparent TxD discussion in Rel-15 email thread. The discussion is related to power class declaration’s applicability on 1TX transmission. Furthermore, it is the moderator’s understanding that we only need to focus on Mode-1 UE since seems we have no reason for not supporting full power transmission in fallback mode for Mode-0 and 2 UE. 
· Option 1 (Samsung, Intel, Qualcomm, Nokia, Apple): From Rel-16 and beyond, SA UE declaring PC2 HPUE shall have 26dBm MOP for both 1TX and 2TX UL-MIMO if supported, i.e., following the principle that UE declaring PC2 should deliver total 26dBm MOP regardless of transmission mode.
· Note: Transparent TxD is allowed or not depends on conclusion from the transparent TxD discussion in Rel-15 email thread, but if transparent TxD is not allowed in Rel-16, Option 1 means Mode-1 UE can’t achieve claimed power class in DCI_0_0 and DCI_0_1 with 1 TX port.
· Option 1a (Ericsson): Fall-back (DCI 0_0) is tested for all modes and the UE shall comply with requirements according to its power-class capability (ue-PowerClass) in fall-back regardless of FP mode. Antenna virtualization is allowed.
· Option 2 (Intel, vivo, LGE): The UE behavior for fallback DCI (0_0) is determined by rank=1 Tx full power transmission modes UE supported; it is up to UE capability.
· Option 3 (OPPO, Intel): Introducing a new power class capability in addition to Rel-15 power class capability to remove the power class ambiguity in single antenna port mode.
· Option 4 (Huawei): no difference compared to Rel-15. 
[Moderator] Seems we can have clear tentative agreement for fallback mode for Mode-0 and 2 UEs. For Mode-1 UE, it is more dependent on transparent TxD is allowed or not, so we think Option 1 could be used as a compromise. 
[Ericsson]: how can transparent TxD not be allowed for Mode 1? Required to meet its power class (PC2) with two 23 dBm PA.
Tentative agreements: 
· From Rel-16 and beyond, SA UE declaring PC2 HPUE shall have 26dBm MOP for both 1TX and 2TX UL-MIMO if supported, i.e., following the principle that UE declaring PC2 should deliver total 26dBm MOP regardless of transmission mode.
· Note: Transparent TxD is allowed or not depends on conclusion from the transparent TxD discussion in Rel-15 email thread, but if transparent TxD is not allowed in Rel-16, the main bullet means Mode-1 UE can’t achieve claimed power class in DCI_0_0 and DCI_0_1 with 1 TX port.

Recommendations for 2nd round:
· Discuss on whether the above tentative agreement can be accepted as compromise. 
· [Ericsson]: the Rel-16 UE must be able to reach its advertised power class for both rank-1 and rank-2 for PC2. Why is this dependent on the discussion for Rel-15?
· [Samsung] The “dependence” comes from the above Note, i.e., if  “Rel-16 UE must be able to reach its advertised power class for both rank-1 and rank-2 for PC2” is agreed here, but transparent TxD is not agreed to be introduced in even for Rel-16, then main bullet means Mode-1 UE can’t achieve claimed power class in DCI_0_0 and DCI_0_1 with 1 TX port.

	
	Issue 2-2-4: Whether transparent TxD is allowed to be used for 1 port SRS TX for Mode-2 UE
· Option 1 (Ericsson, OPPO, Huawei): Transparent TxD is allowed to be used for 1 port SRS TX for Mode-2 UE. 
· Option 2 (Samsung): Based on the conclusion from the transparent TxD discussion in Rel-15 email thread. 
· Option 2a (Nokia): Option 2 or if no time to wait the conclusions of the other email discussion, then option 3.
· Option 3 (Qualcomm, Samsung, Intel, vivo): To enable WI completion in time, not to specify Transparent TxD for FP UL MIMO i.e. preclude PA capability 2 in mode 2.
Tentative agreements:
· Based on the conclusion from the transparent TxD discussion in Rel-15 email thread;
· If transparent TxD is not allowed in Rel-16, preclude PA capability 2 (no Tx chain is assumed to deliver full power) for Mode-2 UE.

Recommendations for 2nd round:
· Discuss on whether the above tentative agreement (majority view) can be accepted as compromise.
· [Ericsson]: again, how can transparent TxD not be allowed in Rel-16? Also, Mode 2 does not only support Capability 2.
· [Samsung] Transparent TxD is allowed or not in Rel-16 is moved to NR_NewRAT_UE_RF_Part_2 for discussion, based on Chairman’s decision on agenda. Agree with Ericsson Mode 2 does not only support capability 2, but also capability 3 (subset of Tx chains with full rated PAs), but here the intention is only exclude capability 2. 

	Sub-topic#2-3
	Issue 2-3-1: For Mode 1 UE, requirement applicability (remaining issue):
· Option 1 (Samsung, Ericsson, Qualcomm): For Mode 1 UE ULFPTx feature, the following applicability rule should be followed: 
· Mode 1 UE shall only support Rel-15 nonCoherent codebook with scaled power when Rel-16 ULFPTx Mode 1 is not configured;
· Mode 1 UE shall also support TPMI [1 1] with full power transmission when Rel-16 ULFPTx Mode 1 is configured. 
· UE is not expected to report the support of Mode 1 ULFPTx and full coherent codebook.
· Note: Since 2TX codebook considered in Rel-16 ULFPTx, so partial-coherent codebook subset is not relevant.
· Option 2 (Huawei): Whether UE supports coherent UL MIMO based on UE capability. No need to mix the full power transmission capability with coherent capability, and it is clear that non-coherent [1 1] code book is used for mode 1.
[Moderator] The original option 1 is a bit misleading since we would only like to clarify UE behaviour if Rel-16 ULFPTx is not configured. I assume the revised one as tentative agreement can better capture the intention and more aligned with TS38.213. To Huawei, accordingly to TS38.213, UE is not expected to support full coherent codebook and Mode-1, pls refer to Table 7.3.1.1.2-5A.  
Tentative agreements:
· For Mode 1 UE ULFPTx feature, the following applicability rule should be followed: 
· Mode 1 UE shall only support Rel-15 nonCoherent codebook with scaled power when Rel-16 ULFPTx Mode 1 is not configured; 
· Mode 1 UE shall also support TPMI [1 1] with full power transmission when Rel-16 ULFPTx Mode 1 is configured. 
[Ericsson]: (the above bullets) do we need to define the RAN1 behaviour here?
· UE is not expected to report the support of Mode 1 ULFPTx and full coherent codebook.
· Note: Since 2TX codebook considered in Rel-16 ULFPTx, so partial-coherent codebook subset is not relevant.
Recommendations for 2nd round:
· Discuss on whether the above tentative agreement (majority view) can be accepted as compromise.

	
	Issue 2-3-2: For Mode 2 UE with 1 port configuration, test configuration and requirement applicability:
· Option 1 (Samsung, OPPO, vivo, LGE, Huawei, Qualcomm): ULFPTX MOP with 1 port configuration is not needed to be defined and tested in Rel-16.
· Option 2 (Ericsson): Single-port transmission is fallback, should be tested for all modes to make sure power class is met.
[Moderator]: Sorry for misunderstanding Intel’s proposal and removed Intel from the above option. But here we would like to trigger MOP requirement is needed to be tested or not. No matter transparent TxD to achieve 1 Tx port with full power is allowed or not, Option 1’s proposal is no MOP requirement is needed for Mode-2 UE with 1 port configuration. 
By considering companies’ views, the option is revised to following tentative agreement to be discussed. 
Tentative agreements:
· 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
Recommendations for 2nd round:
· Discuss on whether the above tentative agreement can be accepted as compromise based on majority view. 
· [Ericsson]: how can we ensure that the power class is met for this mode when DCI 0_0 is configured?
· [Samsung] it is guaranteed in clause 6.2. 


	
	Issue 2-3-5: For Mode 0 UE (“the other mode”) with 2 ports configuration, test configuration and requirement applicability
· Option 1 (Samsung, Intel, OPPO, vivo, LGE, Huawei, Qualcomm): 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.
Tentative agreements:
· 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.
Recommendations for 2nd round:
· Suggest Chairman to approve above tentative agreement based on consensus. 


	
	Issue 2-3-6: For Mode 0 UE (“the other mode”) with 1 port configuration, test configuration and requirement applicability
· Option 1 (Samsung, OPPO, LGE, Huawei, Qualcomm, vivo): ULFPTX MOP with 1 port configuration is no needed to be tested in Rel-16.
· Option 2 (Ericsson): single-port transmission is fallback, and the Mode 0 has a possible relation to the 23 + 23 dBm implementation discussed in Rel-15.
[Moderator] Clarification on the above proposal, which is derived based on similar argument as Issue 2-3-2, since the UE performance can be guaranteed by general requirement in clause 6.2. Similar to Issue 2-3-2, the above option 1 is rewritten as below tentative agreement. To Ericsson, if transparent TxD is decided to be allowed, I assume Mode-0 UE with 1 TX port can be achieved by transparent TxD as you said, but from new ULFPTx requirement perspective, I think we don’t need to introduce that since same requirement is guaranteed in 6.2. 
Tentative agreements:
· 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

Recommendations for 2nd round:
· Discuss on whether the above tentative agreement can be accepted as compromise based on majority view. 
· [Ericsson]: the Mode 0 test is per antenna connector to meet the MOP.
· [bookmark: _GoBack][Samsung]: Clarification on the above proposal, which is derived based on similar argument as Issue 2-3-2, since the UE performance can be guaranteed by general requirement in clause 6.2.  

	Sub-topic#2-4
	Issue 2-4-1: Unwanted emissions (remaining issues)
· Option 1 (Ericsson, OPPO, LGE, Huawei, Samsung, vivo): 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).
· Option 2 (Qualcomm, OPPO, Samsung): Change emissions testing wording as follows:
· The individual emissions results from each antenna will be summed across frequency and verified to meet the SEM requirements.
Tentative agreements: N/A
Recommendations for 2nd round:
· Keep the discussion while the conclusion should also be aligned with the conclusion from NR_NewRAT_UE_RF_Part_2.

	Sub-topic#2-5
	Issue 2-5-1: New power class capability
· Proposals: 
· Option 1 (Samsung, Huawei, LGE, Qualcomm): No need to introduce a new power-class capability because power class declaration should be applied to all transmission modes from Rel-16.
· Option 1a (Samsung, LGE, Qualcomm): Option 1, but if NR_NewRAT_UE_RF_Part_2 can’t solve power class ambiguity issue or if transparent TxD is not allowed in Rel-16, need more discussion. 
· Option 2 (Ericsson, OPPO, Qualcomm): Add new power class
· Option 2a (Ericsson): adding a new power-class capability for two-layer transmissions per NR band (Rel-16): 
· Note that this indication could be used also for Rel-15 UE to completely close the signaling ambiguity issue: the gNB would be made aware that a PC3 UE with UL-MIMO capability and 23 + 23 dBm implementation can meet PC2 for two-layer transmissions; the gNB would read the capability even if not a Rel-16 UE (if bits are present, they would be read).
· Option 2b (OPPO): Introducing a new power class capability in addition to Rel-15 power class capability to remove the power class ambiguity in single antenna port mode.
· Option 2c (Qualcomm): UEs transmitting over multiple antenna shall have a new power class determined as the sum of the power on all antennae
· Option 3 (Intel, vivo): Add new power class depending on other discussion for consistency: 
· Option 3a (Intel): How to add depends on the outcome of “EN-DC power class and UL MIMO clarifications” topic in agenda 6.5.4.1
· Option 3b (vivo): Settle Rel-15 first before defining UE power class capability for Rel-16.
Tentative agreements:
Candidate options:
Recommendations for 2nd round:
· Keep the discussion while the conclusion should also be aligned with the conclusion from NR_NewRAT_UE_RF_Part_2.



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 provided recommendation on CRs/TPs Status update suggestion 
	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 #3: New bands for UL-MIMO
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2004964
	CMCC
	Draft CR to add PC3 UL-MIMO bands: n3, n39, n34 and n40.

	R4-2004956
	Verizon UK Ltd
	Draft CR to include band list for UL-MIMO and new band n48.
Note: Moved from AI 6.13.1 based on Chairman’s guidance.



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: Introduce new bands for UL-MIMO in Rel-16
Sub-topic description:
Open issues and candidate options before e-meeting:
Issue 3-1-1: Focus on Power Class 3 to introduce new bands for UL-MIMO in Rel-16
· Proposals:
· Proposal 1 (CMCC, Verizon): Only focus on power class 3 for new UL-MIMO bands in Rel-16
· Recommended WF
· Collect companies’ view in 1st round to collect view from other companies. 

Issue 3-1-2: New band list for UL-MIMO in Rel-16
· Proposals:
· Proposal 1 (Verizon): New band list for UL-MIMO (as proposed in draft CR R4-2004956) in Rel-16
· Recommended WF
· Collect companies’ view in 1st round.

Issue 3-1-3: Preference on release independent and the necessity of the change to TS38.307
· Discussion
· [Moderator]: Trigger the discussion on Preference on release independent and the necessity of the change to TS38.307 to introduce new bands for UL-MIMO in Rel-16
· Recommended WF
· Collect companies’ view in 1st round.

Issue 3-1-4: Other issues for adding new UL-MIMO bands
· Discussion
· [Moderator]: It is the placeholder for collecting views on adding new UL-MIMO bands which is not yet reflected in two CRs. 
· Recommended WF
· Collect companies’ view in 1st round.

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

	Qualcomm
	Sub topic 3-1: 
Issue 3-1-1: In case power class 3, then 20 dBm shall be assumed for the secondary branch. 
Issue 3-1-2: 
Issue 3-1-3: Preference is to add new bands from rel-15 since UL MIMO is rel-15 feature. ULFPTX is Rel-16 feature so ULFPTX is from Rel-16. 
Issue 3-1-4: care should be taken to also include A-MPR requirements for new bands if UL MIMO will have dedicated MPR table.  

	CMCC
	Sub topic 3-1: 
Issue 3-1-3: No need to change in TS 38.307. and new UL-MIMO band can be introduceded from rel-15 in release independent manner.
New UL-MIMO bands is within the operating bands in section 5.1 (requirements to be fulfilled in table B.4.1-1) 
Issue 3-1-4:: For UL-MIMO , MPR and A-MPR have been defined in the  section 6.2D.2 and 6.2D.3 as general requirements for all bands (The allowed Maximum Power Reduction (MPR) for the maximum output power in Table 6.2D.1-1 is specified in Table 6.2.2-1), Not sure why RAN4 need to dedicate MPR and A-MPR tables for new bands?

	XXXSamsung
	Sub topic 13-1: 
Issue 3-1-1: Only focus on PC3 in Rel-16 is okay to us. 
Issue 3-1-2: We need more discussion on the necessity of the band table. Seems it is not needed as long as the clear UL-MIMO requirement is defined.  
Issue 3-1-3: The required release independence needs to be clear. The revision to TS38.307 is needed if companies support new UL-MIMO band as release independence feature. 
Sub topic 1-2:
….
Others:

	Nokia
	Issue 3-1-2: No strong view if table is needed but clause header is wrong in R4-2004956. band list --> operating bands
Issue 3-1-3: UL-MIMO is not mentioned in current 38.307, it is clear that it is REL-15 feature. New bands also should be release independent from REL15 if that table is introduced.


 
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

	R4-2004964
	Company A

	
	Company B

	
	

	R4-2004956
	Company AHuawei: Introduce Band list for UL MIMO in 5.2D is ok, but no need to mention antenna ports here to have further ambiguity.

	
	Company B

	
	



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: Focus on Power Class 3 to introduce new bands for UL-MIMO in Rel-16
[Moderator] Based on 1st round discussion, seems no companies have different view on the below tentative agreement. On the other hand, Qualcomm propose the question that “20 dBm shall be assumed for the secondary branch”. However, based on our understanding, even without the support of transparent TxD in RAN4/5 specification, the PA architecture 23dBm+23dBm should not be precluded for PC3 UL-MIMO. 
Tentative agreements:
· Only focus on power class 3 for new UL-MIMO bands in Rel-16
Candidate options:
Recommendations for 2nd round:
· Suggest RAN4 chairman to approve the above tentative agreement.
· Companies can further discuss on the proposal “20 dBm shall be assumed for the secondary branch” in 2nd round. 

Issue 3-1-2: New band list for UL-MIMO in Rel-16
Recommendations for 2nd round:
· Draft CR is revised based on companies’ comment. 

Issue 3-1-3: Preference on release independent and the necessity of the change to TS38.307
Recommendations for 2nd round:
· Collect companies’ view on UL-MIMO new bands’ release independence. 

Issue 3-1-4: Other issues for adding new UL-MIMO bands
Recommendations for 2nd round:
· Further discuss on the necessity of new A-MPR requirements for new bands if UL MIMO will have dedicated MPR table.  




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

	#1
	WF on New bands for UL-MIMO
	Verizon





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  

	R4-2004964XXX
	Based on pre-meeting sync, it is proposed by some company to be merged with R4-2004956. Moderator recommend R4-2004964 can be merged with R4-2004956.Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”

	R4-2004956
	Based on comments during pre-meeting sync and 1st round discussion, Moderator recommend R4-2004956 can be revised. 



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
Full power transmission feature description 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. 



Full power transmission feature description 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, and 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 and , 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, and 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, and 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 agrement on Full Power TX Mode
	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.
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