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1	Introduction
In RAN1#96bis [1], the following agreements was made.
	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.



In RAN1#98 [2], the following agreements were made.
	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 
Agreement
For a capability 1 UE working with full power operations, for PUSCH power control, power scaling factor is fixed to 1
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’



In RAN1#98bis [3], the following agreements were made.
	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 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



This contribution discusses the following issues regarding full TX power UL transmission. 
· UE capability signalling
· Remaining issues for Mode 1
· Remaining issues for Mode 2
· Other issues

2 UE capability signaling
According to the agreement in RAN1#96bis, signalling of “UL full power tx capability” is supported for UEs with full power uplink transmission capability. The details about this signalling is FFS, about which we have the following view.
· For UE capability 1, the UE signals “UL full power tx capability” set to “UE cap 1.”
· For Mode 1, the UE signals “UL full power tx capability” set to “Mode 1.” 
· For Mode 2, the UE signals “UL full power tx capability” set to “Mode 2.” In addition, the UE also signals “TPMI/TPMI grouping”, which indicates TPMIs or TPMI groups for which the UE can achieve full power in UL transmission. For example, this additional signalling includes a -bit signaling, where the -bit signaling  indicates whether -th TPMI or TPMI group, where , can be indicated to the UE to transmit UL transmission at full power. An example of such signalling is shown in Table 1.
[bookmark: _Ref8813713]Table 1: TPMI/TPMI grouping
	Number of antenna ports
	codebookSubset
	TPMI/TPMI group
	B (#bits)

	2Tx
	nonCoherent
	


	2

	4Tx
	nonCoherent
	




	4

	4Tx
	partialAndNonCoherent
	






	6



Proposal 1: Regarding UE capability signaling
· For UE capability 1, UE signals “UL full power tx capability” set to “UE cap 1.”
· For Mode 1, UE signals “UL full power tx capability” set to “Mode 1.” 
· For Mode 2, UE signals “UL full power tx capability” set to “Mode 2.” In addition, UE also signals a B-bit “TPMI/TPMI grouping” indicating TPMIs or TPMI groups for which UE can achieve full power in UL transmission, where the TPMI/TPMI grouping is according to Table 1. 
 
3 Remaining issues for mode 1
For Mode 1, the TPMIs for the new codebookSubsets are shown Table 2, where the TPMI indices shown in red are new TPMIs added to the Rel. 15 codebook. Let  be the total number of TPMIs up to rank . The value of  for different value for  is also shown. 
[bookmark: _Ref24053293]Table 2: TPMIs for new codebookSubsets
	
	Rank 1
	Rank 2
	Rank 3
	Rank 4

	
	TPMIs
	
	TPMIs
	
	TPMIs
	
	TPMIs
	

	2Tx, NC
	0,1,2
	3
	0
	4
	
	
	
	

	4Tx, NC
	0-3,13
	5
	0-5,6
	12
	0,1
	14
	0
	15

	4Tx, PC
	0-11,12-15
	16
	0-13
	30
	0-2
	33
	0-2
	36



In our view, the newly added TPMIs (shown in red in the table) in the new codebookSubsets should not increase the TRI/TPMI indication payload (when compared with Rel. 15) at least when maxRank = 1. For example, in Rel. 15,
· For 2Tx, NC UE, the rank 1 codebook includes TPMI = 0,1 which requires a 1-bit indication for TRI/TPMI.
· For 4Tx, NC UE, the rank 1 codebook includes TPMI = 0,1,2,3 which requires a 2-bit indication for TRI/TPMI.
Now, rank 1 TPMI = 2 is included in the new codebookSubset for 2Tx, NC UE. If this additional TPMI is added to the Rel. 15 rank 1 codebook, then a 2-bit indication will be needed for TRI/TPMI indication if maxRank = 1. Likewise, rank 1 TPMI = 13 is included in the new codebookSubset for 4Tx, NC UE, and if this additional TPMI is added to the Rel. 15 rank 1 codebook, then a 3-bit indication will be needed for TRI/TPMI indication if maxRank = 1. This 1 additional bit for TPMI (since it is indicated via DCI) may not bring any performance gain. Therefore, when maxRank = 1, the newly added TPMI in the new codebookSubset may just replace one of the Rel. 15 TPMIs, e.g. TPMI 0.      
Observation 1: If additional TPMIs are added to the Rel. 15 rank 1 NC codebooks, then TRI/TPMI payload is more than Rel. 15 payload in case maxRank = 1. 
We therefore propose the following.
Proposal 2: Rank 1 TPMI 0 in the new codebookSubsets can’t be indicated to a NC UE when maxRank = 1.

4 Remaining issues for mode 2
For Mode 2, the UE can be configured with multiple SRS resources with different number of SRS ports within a SRS resource set. The maximum number of SRS resources is agreed to be 2 or 4. The number of SRS ports in each of these up to 2 or 4 SRS resources has not been discussed yet. Let  be number of SRS resources, and  be the number of SRS resources with  SRS ports, wherein:
· For 2Tx UE, the set of candidate value for  is {1, 2}.
· For 4Tx UE, the set of candidate values for  is {1, 2, 4}. 
Since a lower rank (e.g. rank 1) is in general more important than a higher rank (e.g. rank > 1) for full power UL transmission, more SRS resources should be used for lower ranks (which correspond to SRS resources with small number of ports), i.e., . Also, since the benefits for supporting all possible combinations of  is unclear, the number of combinations should be minimized. In our view, for a given , it is sufficient to support only one combination for . An example is shown in Table 2.  
[bookmark: _Ref21038087]Table 3: SRS port combinations
	
	
	
	
	

	2Tx
	2
	1
	1
	

	
	3
	2
	1
	

	
	4
	3
	1
	

	4Tx
	2
	1
	1
	0

	
	3
	1
	1
	1

	
	4
	2
	1
	1



Proposal 3: For a given number  of SRS resources for Mode 2, only one combination for  is used, where  , and  is the number of SRS resource with  SRS ports. 

Since the UE is configured with multiple SRS resources with different number of SRS ports, the DCI payload can be ambiguous. This is due to the fact the TRI/TPMI payload varies with number of SRS ports. For instance, TRI/TPMI payload for a SRS resource with 2 SRS ports is less than that for a SRS resource with 4 SRS ports. To solve this issue, the following alternatives can be considered.
· In Alt 1, the number of SRS ports () associated with the SRS resource (indicated via SRI in DCI) is indicated via higher layer or MAC CE based signalling, and both SRI and TRI/TPMI are indicated via DCI. 
· In Alt 2, both SRI and TRI/TPMI are indicated via DCI. To avoid the ambiguity, the TRI/TPMI size is fixed to the maximum (or largest) TRI/TPMI size, where the maximum is across all SRS resources.
· In Alt 3, both SRI and TRI/TPMI are indicated jointly via a single filed in DCI.
Among these alternatives, Alt 1 has the least DCI overhead for SRI + TRI/TPMI indication, followed by Alt 2, then Alt 3. In our view, we should try to minimize DCI payload if possible. We therefore prefer Alt 1 followed by Alt 2 as second preference. 
Proposal 4: Support at least one of the following for SRI and TRI/TPMI indication for mode 2.
· [bookmark: _GoBack]Alt 1: the number of SRS ports (X) associated with the SRS resource (indicated via SRI in DCI) is indicated via higher layer or MAC CE based signalling, and both SRI and TRI/TPMI are indicated via DCI. 
· Alt 2: both SRI and TRI/TPMI are indicated via DCI. To avoid the ambiguity, the TRI/TPMI size is fixed to the maximum (or largest) TRI/TPMI size, where the maximum is across all SRS resources.

5 Other issues
One of the other remaining issues is whether a UE is allowed to report both mode 1 and mode 2 in its capability signaling. This issue was raised by some companies during the email discussion on RRC parameters. There seems to be two different understanding about this issue based on the following text (highlighted) in the working assumption. 
	Working assumption in RAN1#97
· 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 
· ….



In one understanding, a UE can report only one of the two modes in its capability and the NW can configure the UE with the mode it supports. In another understanding, a UE can report both modes in its capability, and hence the NW can configure one of the two modes. Our understanding is the former since the two modes correspond to two different solutions for UL full power, and in practice, a UE will implement only one of the two solutions. 
Proposal 5: UE can report only one of the two modes in its capability. 
Another issue is whether solutions for full power UL in Rel. 16 is needed for full-coherent capable UEs. Since Rel. 15 full-coherent (FC) capable UEs can already achieve full TX power UL transmission when indicated with a FC TPMI, and there is no need for any enhancement for such UEs in Rel. 16. Also, analogous to LTE, such UEs can save power when indicated with a PC or NC TPMI since it can turn off PAs that don’t transmit any PUSCH data.   
Observation 2: Full TX power UL transmission with multiple power amplifiers is already supported for full-coherent capable UEs in Rel. 15
Proposal 6: Full TX power UL transmission enhancement in Rel. 16 is not supported for full-coherent capable UEs.

6 Conclusion
In this contribution, the following observations and proposals are made regarding full power UL transmission.
Observation 1: If additional TPMIs are added to the Rel. 15 rank 1 NC codebooks, then TRI/TPMI payload is more than Rel. 15 payload in case maxRank = 1. 
Observation 2: Full TX power UL transmission with multiple power amplifiers is already supported for full-coherent capable UEs in Rel. 15.
Proposal 1: Regarding UE capability signaling
· For UE capability 1, UE signals “UL full power tx capability” set to “UE cap 1.”
· For Mode 1, UE signals “UL full power tx capability” set to “Mode 1.” 
· For Mode 2, UE signals “UL full power tx capability” set to “Mode 2.” In addition, UE also signals a B-bit “TPMI/TPMI grouping” indicating TPMIs or TPMI groups for which UE can achieve full power in UL transmission, where the TPMI/TPMI grouping is according to Table 1. 
Proposal 2: Rank 1 TPMI 0 in the new codebookSubsets can’t be indicated to a NC UE when maxRank = 1.
Proposal 3: For a given number  of SRS resources for Mode 2, only one combination for  is used, where  , and  is the number of SRS resource with  SRS ports. 
Proposal 4: Support at least one of the following for SRI and TRI/TPMI indication for mode 2.
· Alt 1: the number of SRS ports (X) associated with the SRS resource (indicated via SRI in DCI) is indicated via higher layer or MAC CE based signalling, and both SRI and TRI/TPMI are indicated via DCI. 
· Alt 2: both SRI and TRI/TPMI are indicated via DCI. To avoid the ambiguity, the TRI/TPMI size is fixed to the maximum (or largest) TRI/TPMI size, where the maximum is across all SRS resources.

Proposal 5: UE can report only one of the two modes in its capability 
Proposal 6: Full TX power UL transmission enhancement in Rel. 16 is not supported for full-coherent capable UEs.
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