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1. Introduction

Following agreements were made in RAN1#AH1901 and an LS [3] to RAN4 was also agreed:
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).

In this contribution, we discuss relevant UE capabilities for supporting full Tx power in UL.
2. Discussion
On UL full Tx power capability

To facilitate discussion in RAN1, three UE capabilities were agreed in RAN1#AH1901, however UE capability reporting and exact number of new UE capabilities to be further discussed. Basically, the UE capabilities can be categorized based on whether UE virtualizes Tx antennas or not. 

For the simplicity of discussion, let’s first consider 2Tx at the UE and three capabilities as agreed in RAN1#AH1901.
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
Which implies that the PA architecture of the PC3 UE is 23dBm+23dBm. An UE with non-coherent capability and with such PA architecture, the power scaling should be straight forward to split equally on non-zero antenna ports, that means for rank 1 transmission since only antenna selection TPMIs are supported and the total transmission power is applied on selected antenna (or PA) port. For this mode (or scheme), power scaling can be captured in 38.213 as 
“The UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power.”
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
Which implies that the PA architecture of the PC3 UE is 20dBm+20dBm. An UE with non-coherent capability and with such PA architecture, it is assumed that antenna virtualization at the UE is applied such that even for rank 1 transmission both antenna ports are used. There could be different ways to realize antenna virtualization, for example following two alternatives can be considered:

Alt1: Introduce new TPMI subset, precoders with no zero elements, for example [1 1] for 2Tx rank 1 transmission.
Alt2: 2 SRS resources are configured where one SRS resource is configured with antenna virtualization indication and the other without antenna virtualization indication. For example, one SRS resource is configured with one port (UE performs antenna virtualization for transmission of both SRS and PUSCH) and second SRS resource is configured with 2 ports (UE doesn’t perform antenna virtualization for transmission of both SRS and PUSCH), gNB indicates first SRS resource using SRI while scheduling rank 1 transmission and indicates second SRS resource using SRI while scheduling rank 2 transmission. 
In our view, alternative 1 is simpler and specification impact is smaller. For this mode (or scheme), power scaling can be captured in 38.213 as 
“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 configured number of SRS ports 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”
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
Which implies that the PA architecture of the PC3 UE is 23dBm+20dBm. An UE with non-coherent capability and with such PA architecture, it can be assumed that either antenna virtualization at the UE is applied thus the second mode (or scheme) of power scaling is applicable or antenna virtualization at the UE is not applied thus the first mode (or scheme) of power scaling is applicable. In the case of antenna virtualization at the UE is not applied it is up to UE implementation, especially for rank 1 transmission, how to map the indicated TPMI and the antenna port actually used for transmission. 
From RAN1 perspective, UE capabilities are relevant to power scaling schemes and should not be indicating the PA architecture. PA architecture related UE capability should be discussed in RAN4. 
Proposal: define UE capabilities for UL full power Tx based on whether UE performs Tx antenna virtualization, 2 capabilities would suffice to address all three scenarios.
Now, let’s consider the scenario of 4Tx at the UE. The LS [3] includes seeking RAN4 views on: 
· any differences in their applicability between 2 and 4 port UL MIMO capable UEs.

So far, RAN4 hasn’t specified any requirements on 4Tx UEs, thus it is unclear if RAN4 can provide meaningful information on PA architecture design for 4Tx. Following the same principle for 2Tx, UE capability 1 and 2 above can be easily extended to 4Tx case. However, UE capability 3 where the PA architecture is such that a subset of Tx chains have full rated PAs, there could be many varieties (combinations) of PA architectures. It is not reasonable and not possible to optimize power scaling scheme for each of the PA architectures. And, it is not practical and should not be required for a UE to report its PA architecture. In this sense, the power scaling for UE capability 3 should either follow the scheme for UE capability 1 or the scheme for UE capability 2.
On full coherence capability and UL full Tx power capability
There was discussion in last RAN1 meeting whether full coherence UE capability and full Tx power UE capability 1 should be supported together. It is clear from the UE feature list [4] that full coherence capability (copied below) is an optional feature, meaning that a typical UE may or may not support full coherence capability. And, UL full Tx power capability itself is an optional feature, thus there is no sense in discussing whether full coherence UE capability and full Tx power UE capability 1 should be supported together at this moment. If an UE supports both full coherence capability and full Tx power capability, it should report both capabilities.
	
	2-13
	PUSCH codebook coherency subset
	1. Supported codebook coherency subset type: 
	2-12
	Yes
	Only non-coherent codebook subset is supported
	Type 1
	N.A.
	N.A.
	
	
	
	Optional with UE capability

Candidate value set: {non-coherent, partial/non-coherent, full/partial/non-coherent}
	Optional with UE capability

Candidate value set: {non-coherent, partial/non-coherent, full/partial/non-coherent}


In addition, for UL fully coherent transmission case, gNB always can schedule fully coherent TPMIs to reach full Tx power transmission. There is no need to optimize for this case. However, for some non-coherent and partial coherent codebooks as shown in appendix, there is no way to reach full Tx power transmission if nothing is specified.
3. Conclusion

In this contribution with discussed the potential UE capabilities to address all three cases for full power transmission in UL, the main difference is whether UE virtualizes antennas to achieve full power transmission or achieved without antenna virtualization. 
Proposal: define UE capabilities for UL full power Tx based on whether UE performs Tx antenna virtualization, 2 capabilities would suffice to address all three scenarios.
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Appendix
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
	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 7.3.1.1.2-3: Precoding information and number of layers for 4 antenna ports, if transform precoder is enabled, or if transform precoder is disabled and maxRank = 1
	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 7.3.1.1.2-4: Precoding information and number of layers, for 2 antenna ports, if transform precoder is disabled and maxRank = 2
	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 7.3.1.1.2-5: Precoding information and number of layers, for 2 antenna ports, if transform precoder is enabled, or if transform precoder is disabled and maxRank = 1
	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 6.3.1.5-1: Precoding matrix 
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 for single-layer transmission using two antenna ports.

	TPMI index
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(ordered from left to right in increasing order of TPMI index)
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Table 6.3.1.5-2: Precoding matrix 
[image: image9.wmf]W

 for single-layer transmission using four antenna ports with transform precoding enabled.

	TPMI index
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(ordered from left to right in increasing order of TPMI index)
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Table 6.3.1.5-4: Precoding matrix 
[image: image39.wmf]W

 for two-layer transmission using two antenna ports with transform precoding disabled.

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

	0 – 2
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Table 6.3.1.5-3: Precoding matrix 
[image: image44.wmf]W

 for single-layer transmission using four antenna ports with transform precoding disabled.

	TPMI index
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(ordered from left to right in increasing order of TPMI index)
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Table 6.3.1.5-4: Precoding matrix 
[image: image74.wmf]W

 for two-layer transmission using two antenna ports with transform precoding disabled.

	TPMI index
	
[image: image75.wmf]W


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

	0 – 2
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Table 6.3.1.5-5: Precoding matrix 
[image: image79.wmf]W

 for two-layer transmission using four antenna ports with transform precoding disabled.

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

	0 – 3
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Table 6.3.1.5-6: Precoding matrix 
[image: image103.wmf]W

 for three-layer transmission using four antenna ports with transform precoding disabled.

	TPMI index
	
[image: image104.wmf]W


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

	0 – 3
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Table 6.3.1.5-7: Precoding matrix 
[image: image112.wmf]W

 for four-layer transmission using four antenna ports with transform precoding disabled.

	TPMI index
	
[image: image113.wmf]W


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

	0 – 3
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