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Introduction
A number of agreements were reached in previous meetings:
From 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

From RAN1 #96b
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
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]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

Agreement
The working assumption made in RAN1#96 is confirmed
For UL beam management latency and overhead reduction, support MAC CE based spatial relation update for aperiodic SRS per resource level
· FFS: Whether this is a UE optional feature
FFS: Whether above is applicable regardless of the aperiodic SRS target use

In this contribution, we provide our view for this topic.
Signalling of UL full power Tx capability
One outstanding issue is to decide the solution for UE capability 2 and the corresponding signalling design. From our view, a good candidate solution should make use of existing Rel-15 framework as much as possible (therefore, less specification impact) and the same signalling can support both UE capability 2/3 for non-coherent and partial-coherent UE.

[bookmark: OLE_LINK12]From our view, those alternatives for UE capability 2 try to leverage all (or more than 1) PAs to support full power. The way different for each alternatives are how the detail control configuration/signalling can fit in existing framework. Among them, we think Alt1 and Alt3-1 have clearer picture and fit better in the current framework. We discuss the possible signalling approaches for Alt1 and also discuss some outstanding issues need to be resolved for Alt3-1.

Alt.1  
Analysis
· UE reports codebook subset that it can use for supporting full power Tx. UE decides this subset but does not exceed the number in Table 1.
· Because full power is achieved by means of TPMI selection for PUSCH, that means SRS operations (number of SRS resources, SRI, etc.) can works as in Rel-15.
· Small delay CDD can be implemented by UE that could be transparent to receiver.
· By indicating codebook subset, it supports both UE capability 2 and capability 3. Some examples are listed in Table 2, where  r=1,..,maxRank-1 denote codebook subset for rank r transmission. We note that no indication is required for full rank case since non-coherent full rank codewords can achieve full power.
[bookmark: _Ref7596777]Table 1. Allowed number of codewords according to UE capability and rank
	Rank 
	Full Coherence 
	Partially Coherent 
	Non Coherent

	Rank 1
	28
	12
	4

	Rank 2
	22
	14
	6

	Rank 3
	7
	3
	1

	Rank 4
	5
	3
	1



[bookmark: _Ref7600515]Table 2. Examples of Alt.1
	codebookSubset 
(codeword indices)
	UE hardware architecture 
	UE’s capability

	2Tx non-coherent/Partial-coherent UE

	 = [2,(3)]
	PA = [20, 20] dBm
	Capability 2

	 = [0,3]
	PA = [23, 20] dBm
	Capability 3

	 = [1,3]
	PA = [20, 23] dBm
	Capability 3

	4Tx non-coherent UE

	 =[12,14,20,22]
 =[6,7,8,9,12,13]
 =[3] 
	PA = [17, 17, 17, 17] dBm
	Capability 2

	 =[4,5,8,9]
 =[0-5]
 =[0]
	PA = [20, 20, 20, 20] dBm
	Capability 2

	 =[0,12,14,20]
 =[6,7,8,9,12,13]
 =[3]
	PA = [23, 17, 17, 17] dBm
	Capability 3

	 =[0,4,8,9]
 =[0-5]
 =[0]
	PA = [23, 20, 20, 20] dBm
	Capability 3

	4Tx partial-coherent UE

	 =[12-23]
 =[6-19]
 =[3] 
	PA = [17, 17, 17, 17] dBm
	Capability 2

	 =[0,12-22]
 =[6-19]
 =[3]
	PA = [23, 17, 17, 17] dBm
	Capability 3




Signalling and DCI

[bookmark: OLE_LINK13]In order to work with various UE’s hardware/PA architectures, one possible way to report UE supporting codewords for full power Tx is to use bitmap, indicating codewords for which full power transmission is supported. As examples given in Table 2, this also reveals UE’s hardware architecture to some extent. To reduce overhead, one can also consider to pre-define a few combinations of codebook subset and UE only can report one of those combination.

For non-coherent/partial-coherent UE, the reported codebook subset should include codewords that outside non-coherent/partial-coherent codewords. There are some options on how gNB/UE interpret the codebook subset and signal TPMI in DCI, 
· Option 1-1: use DCI size is set according to codebookSubset= fullyAndPartialAndNonCoherent. In this case, all the codewords, irrespective whether they are for non-coherent, partially-coherent and fully coherenet are supported from signaling’s point of view. The TPMI has no ambiguity but require more DCI bits.
· Option 1-2: use the same DCI size as in Rel-15, and replace the codeword that TPMI points to within the restricted subset. Note that the reported codebook subset are intended for full power Tx while the normal non-coherent/partial-coherent precoders (depend on UE’s capability) should be still valid when UE transmits power below Pcmax. Therefore, 1-bit indication for switching to new set might be required which facilitates switching between the Rel-15 behavior and Rel-16 behavior at the UE if it is desirable to support both of them at a UE without RRC reconfiguration. However, Rel-15 behavior or Rel-16 behavior can be also selected and prescribed by the network for a Rel-16 UE, if one behaviour is good enough, then we can forgo the introduction of the additional “switching” bit.

Proposal 1: Confirm the working assumption in RAN1#96: 
· For PC3, UE capability 2 can support full power transmission.
Proposal 2: Rel-16 adopts Alt1 to support UE capability 2 and capability 3 full power transmission.

Alt.3-1 
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]In our understanding, the main idea of Alt.3-1 is using antenna virtualization and make use of multiple SRS resources. We have following analysis:
· UE is configured multiple SRS resources, one of them has fewer antenna ports that are virtualized from full antenna set. The virtualized antenna ports can support higher power than each individual PA, therefore fulfil full power transmission.
· The Small delay CDD can be implemented by UE in virtualized SRS resource, which could be transparent to receiver.
· Since the full power is achieved by means of virtualization in SRS resource, procedure for both SRS and PUSCH are potentially involved. Some issues need to be resolved. 
In particular,
1. In Rel-15 codebook based transmission, two SRS resources were also used for selecting between analog beams (via spatialRelationInfo in SRS resource). Furthermore, in RAN1 #96b, it is agreed to support MAC CE based spatial relation update for aperiodic SRS per resource level, therefore, more dynamic behaviour of SRS resource is expected in Rel-16. In this regard, reserving dedicated SRS resource for virtualization functionality handicaps the overall design . 
2. Number of ports needed in a virtualized SRS resource depends on UE’s coherence capability and PA architecture. For example, consider 3 cases below (for power class 3, 4Tx UE), a virtualized SRS resource could have different configurations:
A. non-coherent UE with PA=[17 17 17 17] dBm, use 1-port virtualized SRS resource
B. non-coherent UE with PA=[20 20 20 20] dBm, use 2-port virtualized SRS resource (with non-coherent 2Tx codewords). 
C. partial-coherent UE with PA=[17 17 17 17] dBm, use 2-port virtualized SRS resource (with full-coherent 2Tx codebook)
Therefore, with Alt3-1, it needs to consider how UE can clearly report the preferred configuration.
3. Regarding whether a virtualized SRS resource need to be transmitted or not, two concerns need to be addressed: 
A. According to TS38.214 “The indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI, where the SRS resource is prior to the PDCCH carrying the SRI.” which means without actually transmission of a SRS resource, the UE behaviour concerning Tx analog beamforming for PUSCH un-defined.
B. As in previous example C (a partial-coherent 4Tx UE wants to use 2-port virtualized SRS resource and with full-coherent 2Tx codebook), determining TPMI of full-coherent 2Tx still require UE transmitting 2-port SRS.
In other words, virtualized resources may still need to sound.


Conclusion
Proposal 1: Confirm the working assumption in RAN1#96: 
· For PC3, UE capability 2 can support full power transmission.
Proposal 2: Rel-16 adopts Alt1 to support UE capability 2 and capability 3 full power transmission.





