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1. Introduction

Following agreements were made in RAN1#97: 
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 this contribution, we discuss the remaining details on UL full power schemes Mode 1 and Mode 2, power scaling and UE capability signaling details.
2. Discussion
Mode 1:
There are few remaining FFS parts in Mode 1 from last meeting, in this section we address them one by one. In Mode 1, gNB can configure one or more SRS resources with same number of ports for codebook based UL transmission. gNB can configure the UE which supports UL full power transmission with a subset of TPMI precoders which combines ports to achieve full power. One of the remaining part for discussion is whether all TPMI precoders in fullyAndPartialAndNonCoherent defined in Rel-15 or only a small subset (or one) of TPMI precoder is supported. From our evaluation [2], at least for 2 Tx scenario, there is gain with all TPMI precoders for rank 1 included compared to only supporting one TPMI precoder, i.e. [1  1]. Thus, for 2 Tx case, it is suggested to support all rank 1 TPMI precoders in fullyAndPartialAndNonCoherent defined in Rel-15. For 4 Tx case, it is also proposed to support all TPMI precoders in fullyAndPartialAndNonCoherent defined in Rel-15 for rank 1, 2 and 3. In this case the precoding information Table 7.3.1.1.2-2 and Table 7.3.1.1.2-4 in 38.212 does not need changing. 
Another FFS part is whether to additionally support antenna selection TPMI precoders, from the description of Mode 1, it is clear that full power in UL transmission is achieved by TPMIs which combines ports and there is no motivation for further introducing additional antenna selection TPMI precoders. 

Proposal 1: A new codebookSubset is introduced only for the rank value(s) where full power transmission in UL is not achievable includes all TPMI precoders in fullyAndPartialAndNonCoherent defined in Rel-15
Mode 2:

There are few remaining FFS parts in Mode 2 from last meeting, in this section we address them one by one below. In Mode 2, gNB configures one SRS resource or multiple SRS resources with different number for ports to a UE, full power in UL transmission is achieved according to indicated SRI and/or TPMI, for example if one SRS resource has one port only and another SRS resource has two ports, when gNB indicates SRS resource with one port by SRI in DCI then the UE virtualizes antenna ports to transmit PUSCH. On number of supported SRS resources there are two options from last meeting, 2 or 3, in our view there is no strong motivation for supporting 3 SRS resources for codebook based UL transmission. 
In RAN1 #97 meeting, it was agreed that additionally introducing TPMI group indicator at least for UE capability 3 to indicate which TPMI precoder(s) can achieve UL full power transmission. For TPMIs/TPMI groups supporting full power in UL, it might be straight forward for 2 Tx case since there are only 2 antenna selection TPMI precoder for rank 1. However, for 4 Tx case, TPMI grouping supporting full power could be complicated as non-coherent/partial-coherent as well as different PA architectures (e.g. different combinations of 23, 20, 17 dBm PAs) and it is not known how the real implementation will look like. Based on different UE Tx antennas, different antenna coherent characteristics, different UE RF architectures, an example of the TPMI group indicators for 2Tx and 4Tx antennas are depicted in the following Table1. Since the UE RF architecture are very diverse in actual implementation, indication of UL full power transmission TPMI(s) per rank excluding the highest rank is slightly preferred.

Table1. TPMI group indicator
	UE Tx antennas
	Antenna coherent characteristic
	UE RF architecture
	Rank
	TPMI group indicator

	2
	Non-coherent
	23, 20
	1
	{0}

	
	
	20, 23
	1
	{1}

	4
	Non-coherent
	23, 17, 17, 17
	1
	{0}

	
	
	
	2
	-

	
	
	
	3
	-

	
	Partial-coherent
	20, 20, 17, 17
	1
	{4, 5, 6, 7}

	
	
	
	2
	{0}

	
	
	
	3
	-


Proposal 2:
· Support to indicate UL full power transmission TPMI(s) or TPMI group per rank excluding the highest rank.
Power scaling

It was agreed that the UE equally splits the power across the non-zero PUSCH antenna ports. It was also agreed that UE capability1, UE capability2 and UE capability3 are supported in NR Rel-16, while two operation modes are supported for UE capability 2 and UE capability 3. Different UE capabilities are associated with different UE RF architectures. To support full power transmission, the operation Mode1 relies on TPMI enhancement, while the operation Mode2 relies on the configuration of multiple SRS resources with different SRS ports within a SRS resource set, and TPMI group indicators. To achieve UL full power transmission, the key point is the definition of power scaling factor.
According to different UE capabilities, different operation modes and TPMI group indicators, for codebook based PUSCH transmission and more than 1 SRS port is configured for each SRS in a SRS resource set with the usage of codebook, the UE shall scale the linear value by the ratio of β, and then equally splits the power across the non-zero PUSCH antenna ports. The value of power scaling factor is summarized in the following Table2. 
Table2. Power scaling value for codebook based PUSCH transmission
	UE capability
	Operation modes
	TPMI group indicator
	Power scaling value 
β

	1
	-
	-
	1

	2
	1
	-
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	With TPMI group indicator and TPMI is within the TPMI group indicator
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Proposal 3:
· For a PUSCH transmission scheduled by a DCI format 0_1 or configured by ConfiguredGrantConfig or semiPersistentOnPUSCH, if txConfig in PUSCH-Config is set to 'codebook' and each SRS resource in the SRS-ResourceSet with usage set to 'codebook' has more than one SRS port, the UE scales the linear value by the ratio ofβas depicted in Table1. The UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power.
UE capability signaling
Following agreements were reached in RAN1#96bis on UE capability signaling:
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.

It was further agreed in RAN1#97 that Support of Mode 1, Mode 2 have separate UE capability.

For Mode 2, it was agreed in RAN1#97 that 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. Which means a further UE capability signaling is needed. 
Considering already agreed 2 UE capabilities and third capability of TPMIs/TPMI group indication, it can envisioned 3 tier UE capabilities for UL full power transmission.
Capability signaling 1: UL full power tx capability, for a UE which reports this capability only supports UL full power without further indication of supporting Mode 1 or Mode 2, this type of UEs can be equivalent to UEcap1.

Capability signaling 2: Mode 1 or Mode 2, for a UE which reports capability signaling 1 and capability signaling 2 indicating Mode 1 or Mode 2, UEs support UL full power either with Mode 1 or Mode 2 scheme, this type of UEs can be equivalent to UEcap2 or UEcap3.
Capability signaling 3: TPMIs/TPMI groups, for a UE which reports capability signaling 1, capability signaling 2 indicating Mode 2 and capability signaling 3 indicating support for TPMIs/TPMI groups, this type of UEs can be equivalent to UEcap2 or UEcap3.
Proposal 4: on top of already agreed UE capability, a new UE capability to support TPMIs/TPMI groups for Mode 2 is introduced.
On full coherence capability and UL full Tx power capability
There was discussion in previous RAN1 meeting whether full coherence UE capability and full Tx power UE capability should be supported together. It is clear from the UE feature list [3] 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 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, there is no way to reach full Tx power transmission if nothing is specified.
3. Conclusion

In this contribution, we discussed remaining issues on UL full power transmission and we have following proposals:

Proposal 1: A new codebookSubset is introduced only for the rank value(s) where full power transmission in UL is not achievable includes all TPMI precoders in fullyAndPartialAndNonCoherent defined in Rel-15
Proposal 2: Support to indicate UL full power transmission TPMI(s) or TPMI group per rank excluding the highest rank.
Proposal 3: For a PUSCH transmission scheduled by a DCI format 0_1 or configured by ConfiguredGrantConfig or semiPersistentOnPUSCH, if txConfig in PUSCH-Config is set to 'codebook' and each SRS resource in the SRS-ResourceSet with usage set to 'codebook' has more than one SRS port, the UE scales the linear value by the ratio ofβas depicted in Table1. The UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power.
Proposal 4: on top of already agreed UE capability, a new UE capability to support TPMIs/TPMI groups for Mode 2 is introduced.
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