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1. Introduction
In RAN1#97 meeting [1], two modes have been supported as working assumption for UEs with capability 2 or 3 to support full power transmission. However, the set of TPMIs that deliver full power in Mode 2 are still under discussion. 
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 
In RAN1#98bis meeting [2], the following agreements were achieved.

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, the remaining issues of UL full power transmission in Mode 1 and Mode 2 are discussed. 
2. Discussion

2.1 Remaining issues in Mode 1 

For Mode 1, there are still some FFS points for 4Tx. One point is whether to include antenna selection precoders for full power uplink transmission for 4Tx. Some companies think that Mode 2 has already support full power transmission for capability 3 UE with antenna selection precoders based on UE’s TPMI reporting, there is no need to support this in Mode 1. For 2Tx in Mode 1, it has been agreed that antenna selection precoders are also included in new codebook subset with power scaling defined as in [38.213] Rel-15, that is, antenna selection precoders are not used for full power transmission.  For progress, we think for 4Tx, the same logic could be followed, that is, no need to include antenna selection precoders for full power uplink transmission for 4Tx in Mode 1.
Proposal 1: For 4Tx in Mode 1, no need to include antenna selection precoders for full power uplink transmission.
Another FFS point is whether to additional support Rank1 TPMI= 16, 17, 18, 19 for DFT-s-OFDM for 4Tx partial-coherent UE. As discussed in our contribution in last meeting[1]. Considering the different codebook structure for OFDM and DFT-S-OFDM, there is additional benifit to support Rank1 TPMI= 16, 17, 18, 19 for DFT-s-OFDM.
Proposal 2: For 4Tx in Mode 1 partial-coherent UE, additionally support Rank1 TPMI= 16, 17, 18, 19 for DFT-s-OFDM for full power uplink transmission.
Regarding another FFS point whether clarification on which port pairs are coherent is needed for 4Tx partial-coherent UE, we believe based on Rel-15 uplink codebook for 4Tx partial-coherent UE, is is very clear that port 0 and port 2 are partial coherent, and port 1 and port 3 are partial coherent. There is no need to further clarify this.

Regarding power scaling for Mode 1, for 2Tx, it has been agreed that power scaling defined in [38.213] Rel-15 is reused. We think it can be simply extended to 4Tx in Mode 1.

Proposal 3: For 4Tx in Mode 1, power scaling defined as in [38.213] Rel-15 is reused.
2.2 Remaining issues in Mode 2

For Mode 2, the power scaling has been determined in last RAN1 #98bis meeting, the only remaining issue is the TPMI reporting scheme for full Tx power.

In Mode 2, Rel-15 codebook subsets are reused for full power transmission. For some UEs with specific PA architecture (capability 3 UE or even 4Tx capability 2 UE using 2-port SRS), Rel-15 antenna selection precoders can also be used to achieve full power. Therefore, the set of TPMIs that can deliver full power should be reported by UE to assistant gNB for scheduling.
· For 2Tx UE, if one of the antenna ports can deliver full power, such as 23dBm+20dBm, UE can report TPMI=0 to indicate that [image: image2.wmf]ú
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 can support full power transmission. Since UE can flexibly map the antenna ports to physical PAs, there is no need to additional report whether TPMI=1 can support full power or not. 
· For 4Tx non-coherent UE using 2-port SRS, 
· if only one port can deliver full power based on antenna virtualization, such as 20dBm+20dBm+17dBm+17dBm, UE can report TPMI=0 to indicate that [image: image4.wmf]ú
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 can deliver full power with 2-port transmission. Similar as 2Tx, there is no need to additional report whether TPMI=1 can support full power or not. 
· If both two ports can deliver full power based on antenna virtualization, such as 20dBm+20dBm+20dBm+20dBm, UE can report {TPMI=0, TPMI=1} to indicate that both [image: image6.wmf]ú
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 can support full power with 2-port transmission.
· For 4Tx non-coherent UE, since UE can flexibly map the antenna ports to physical PAs, the number of PA architectures to be considered could be reduced, e.g., PA architecture with 23dBm+20dBm+20dBm+20dBm is equivalent with 20dBm+20dBm+20dBm+23dBm. 
· For Rank=1 transmission, only {TPMI=0}, {TPMI=0, 1}, {TPMI=0, 1, 2} should be reported to indicate that one or two or three PAs could be used to deliver full power. 
· For Rank=2 transmission, {TPMI=0}, {TPMI=0, 1, 3}, {TPMI=0, 1, 2, 3, 4, 5} should be reported to indicate part of PAs could be used together to deliver full power. 
· For Rank=3 transmission, if UE has already reports Rank=2 {TPMI=0, 1, 3} can support full power transmission, that indicates Rank=3 {TPMI=0} can also support full power transmission. If UE does not report Rank=2 {TPMI=0, 1, 3} can support full power transmission, that indicates Rank=3 {TPMI=0} also cannot support full power transmission. Therefore, there is no need to additionally indicate {TPMI=0} for Rank=3.
· For 4Tx partial-coherent UE, phase coherence can only be maintained between partial antennas, Rel-15 codebook subset for 4Tx partial-coherent UE is designed based on that the first and third antennas are coherent and the second and fourth antennas are coherent. Therefore, UE cannot flexibly map the coherent antenna ports to physical PAs. 
· For Rank=1 transmission, TPMI=0,1,2,3 should be reported to indicate which antenna ports can deliver full power. Considering that the precoders 
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 (TPMI=4, 5, 6, 7) are mapped to the same antennas, so only TPMI=4 is needed to indicate that all the {TPMI=4, 5, 6, 7} can support full power transmission. Similarly, only TPMI=8 is needed to indicate that all the {TPMI=8, 9, 10, 11} can support full power transmission. 
· For Rank=2, if the precoder 
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can support full power transmission, the precoder  
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can definitely support full power as well, there is no need to additional indicate TPMI=1,4 for Rank=2. Therefore, for Rank=2 transmission, only TPMI=0, 2, 3, 5 should be reported to indicate part of antenna ports could be used together to deliver full power. 
· For Rank=3, TPMI=0 is needed to indicate that three antenna ports could be used together to deliver full power. 
Table 1. TPMIs for full Tx power in Mode 2
	
	
	Rank1
	Rank2
	Rank3
	Bits

	2Tx
	
	{TPMI=0},
	
	
	1 bit

	4Tx configured with 2-port transmission
	
	{TPMI=0}, {TPMI=0,1},
	
	
	1 bit
(code points)

	4Tx configured with 4-port transmission
	Non-coherent
	{TPMI=0}, {TPMI=0,1}, {TPMI=0,1,2},
	{TPMI=0}, {TPMI=0,1,3}, {TPMI=0,1,2,3,4,5},
	
	6 bits
(bit map)

	
	Partial-coherent
	{TPMI=0}, {TPMI=1}, {TPMI=2}, {TPMI=3}, 
{TPMI=4}, {TPMI=8},
	{TPMI=0},

{TPMI=2},

{TPMI=3},

{TPMI=5},
	{TPMI=0}
	11 bits
(bit map)


Proposal 4: For Mode 2, support UE to indicate the TPMIs which deliver full power in Table 1 to gNB.
5. Conclusion

Proposal 1: For 4Tx in Mode 1, no need to include antenna selection precoders for full power uplink transmission.
Proposal 2: For 4Tx in Mode 1 partial-coherent UE, additionally support Rank1 TPMI= 16, 17, 18, 19 for DFT-s-OFDM for full power uplink transmission.
Proposal 3: For 4Tx in Mode 1, power scaling defined as in [38.213] Rel-15 is reused.
Proposal 4: For Mode 2, support UE to indicate the TPMIs which deliver full power in Table 1 to gNB.
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