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1. Introduction
In RAN1 #98bis meeting, following agreements are captured in the chairman’s note as:
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

In this contribution, we further discuss on remaining issues for full power UL transmission.
2. Discussions on full power UL transmission 
In the RAN1#97 meeting, it was intensively discussed on how to support full power UL transmission in case of codebook based UL at least for non/partial coherent UE. As an outcome, the working assumption has been made in the last meeting. In this working assumption, there are two modes in order to support full power UL transmission. One is based on introducing new UL codebook subset (or relaxing Rel-15 codebook subset), and the other is based on SRI and TPMI indication and/or power scaling. Both schemes can efficiently achieve full power UL transmission with different UE implementation, therefore, we think the working assumption should be confirmed. Here, we found a typo in the second Note such that “no SRI” should be revised to “no TRI”. 
Proposal 1: Confirm the working assumption, with revising the second Note as “For single port, there is no TRI and TPMI”.
2.1 Remaining issues on Mode 1
In this subsection, we discuss on remaining issues for mode 1 in order to achieve UL 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


Additional codebook subset for Partial coherent UE with DFT-s-OFDM
Table I. A subset of TPMIs for DFT-s-OFDM 
	DFT-s-OFDM
TPMI 12-19
	

	

	

	

	

	

	

	



Unlike the non-coherent UE, partial coherent UE has capability to maintain relative phase of antenna ports partially, i.e., port (0, 2) and port (1, 3). Thus, in order to increase performance for partial coherent UE, adding a set of TPMIs which can deliver full power with phase changes seems reasonable. In this sense, in the last meeting, it was agreed to be included TPMI 12-15 in the new codebook subset for both CP-OFDM and DFT-s-OFDM. The remaining FFS part is whether or not to support TPMI 16-19 in Table I as a new codebook subset for DFT-s-OFDM. One rational point for including TPMI 16-19 is that it could enhance the performance by allowing TPMI selection diversity. However, as observed in the Table I, TPMI 12-15 already have all QPSK in each coherent port group, i.e. port (0, 2) and port (1, 3). So, only difference between TPMI group 12-15 and TPMI group 16-19 is how to combine QPSK vectors in each group, while the partial coherent UE cannot maintain its inter-port group phase. Another point is if we add TPMI 16-19 in the new codebook subset, it will increase DCI overhead. Therefore, it should be provided clear evidence of performance increment if we additionally support TPMI 16-19 as a new codebook subset for partial-coherent UE with DFT-s-OFDM.
Proposal 2: Do not additionally support TPMI 16-19 as a new codebook subset for partial-coherent UE with DFT-s-OFDM. 

2.2 Remaining issues on Mode 2 
In RAN1#98 meeting, it was agreed to support up to 4 SRS resources for mode 2 operation where each resource can have different number of SRS ports. In this subsection, we discuss on codebook subset to be supported for 4 port case and issues on capability reporting. 
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]


UE capability signaling for Mode 2
For UE working with mode 2, only codebook subset for 2 Tx case had been agreed in RAN1#98 meeting, and that of 4 Tx case is still FFS. In mode 2, as captured above working assumption, Rel-15 codebooks and codebook subset are used in order to deliver full power. According to UE capability, potential full power codebook subset for non- and partial- coherent UEs working with mode 2 are listed in Table II and II, respectively. 

Table II. 4 Tx Codebook subset for non-coherent UE
	
	Rank 1
	Rank 2
	Rank 3

	Non-coherent UE
	TPMI=0,1,2,3
	TPMI=0,1,2,3,4,5
	TPMI=0
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Table III. 4 Tx Codebook subset for partial-coherent UE
	
	Rank 1
	Rank 2
	Rank 3

	Partial-coherent UE
	TPMI=0-15
	TPMI=0,1,2,3,4,5
	TPMI=0
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As we can see, the number of potential TPMIs working with non- and partial- coherent UEs is 11 and 19, respectively. Therefore, if UE reports its full power capability using TPMI based bit-map, 11 bits and 19 bits are required for non- and partial- coherent UE, respectively. 
One might argue that such UE capability signaling may increase capability signaling overhead. To alleviate this issue, one simple solution can be for UE to report restricted TPMI set such as rank1 non-coherent TPMIs. In the RAN1#98 meeting, it is agreed that port selection codeword (TPMI 0 and 1) for 2 port case is supported in order to deliver UL full power for mode 2 operation. Thus, it is natural to include port selection precoders for 4 port case as well. In this method, indicated port selection TPMIs can correspond to ports with full rated PA. For example, if UE reports TPMI 0 and 1 ( and ), gNB can aware that TPMIs and can be used for full power UL transmission. With this solution, only additional 2bit or 4bit bitmap for 2 port or 4 port cases, respectively, is needed in order to provide the information of full-rated PAs to gNB. 

Proposal 3: For Mode 2 in Rel-16 codebook based UL, UE reports 2- or 4-bit bitmap as an UE capability signaling to indicate the full-rated PA to gNB.  
	
DCI size ambiguity
   In RAN1#98 meeting, it was agreed that maximum 4 SRS resources can be supported for mode 2 operation where each resource can be configured with different number of SRS ports. For instance, in case of 4 port case, gNB can configure 2 port SRS resource and 4 port SRS resource to UE. Then, based on the indicated SRI, the size of TRI and TPMI field will be varying, and this leads DCI decoding ambiguity. To solve this issue, several solution can be considered. One simple way is to set the size of ‘TRI and TPMI’ field based on the maximum number of configured SRS ports in a SRS resource set. In this method, when the SRS ports indicated by SRI is less than the maximum configured SRS ports, some states in ‘TRI and TPMI’ field can be wasted. However, the expected specification impact will be minimized. Another method is to have hierarchy between ‘SRI’ and ‘TRI and TPMI’ fields. To this end, SRI can be carried by different signaling, e.g., RRC or MAC CE, or dual stage DCI frame work needs to be considered. Thus, in order to reduce specification impact, former simple solution is preferred.


3. Conclusion
In this contribution, we further discussed on full power uplink transmission for non/partial coherent UE. Based on the discussion, we have the following proposal as:
Proposal 1: Confirm the working assumption, with revising the second Note as “For single port, there is no TRI and TPMI”.
Proposal 2: Do not additionally support TPMI 16-19 as a new codebook subset for partial-coherent UE with DFT-s-OFDM. 
Proposal 3: For Mode 2 in Rel-16 codebook based UL, UE reports 2- or 4-bit bitmap as an UE capability signaling to indicate the full-rated PA to gNB.  

Appendix

Table 6.3.1.5-3: Precoding matrix  for single-layer transmission using four antenna ports with transform precoding disabled.
	[bookmark: _Hlk500155670]TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 7
	

	

	

	

	

	

	

	


	8 – 15
	

	

	

	

	

	

	

	


	16 – 23
	

	

	

	

	

	

	

	


	24 – 27
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	-
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Table 6.3.1.5-5: Precoding matrix  for two-layer transmission using four antenna ports with transform precoding disabled.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 3
	

	

	

	


	4 – 7
	

	

	

	


	8 – 11
	

	

	

	


	12 – 15
	

	

	

	


	16 – 19
	

	

	

	


	20 – 21
	

	

	-
	-




Table 6.3.1.5-6: Precoding matrix  for three-layer transmission using four antenna ports with transform precoding disabled.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 3
	

	

	

	


	4 – 6
	

	

	

	-




Table 6.3.1.5-7: Precoding matrix  for four-layer transmission using four antenna ports with transform precoding disabled.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 3
	

	

	

	


	4
	

	-
	-
	-
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