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1. INTRODUCTION
[bookmark: _Hlk521410680]In WG1 Meeting #96 [1], RAN1 agreed in principle for PC3, to support full power transmission for UE capability 1 and 3. However, for capability 2, the main remaining concern is the impact due to intercell interference. RAN1 also discussed and narrowed down options for UE capability signalling for indication of UE PA architecture. Based on the discussion the following agreements were reached:

	Note: UE capability 1, 2, 3 agreed in RAN1#AH1901 mean the PA architectures.
[bookmark: _Hlk4420152]At least for PC3, UE capability 1, 3 can support full power transmission.
Working assumption: For PC3, UE capability 2 can support full power transmission.
· Companies to check for any implementation issues and/or performance of Rel-16 full power transmission compared to Rel-15 non-coherent codebook subset uplink transmission)

Down select among the following two alternatives by RAN1#96bis. As part of UE capabilities signalled the following is included:
Alt1: UE capability signaling of supported one or group of TPMI precoder(s)
Alt3: UE capability signaling of power scaling schemes for full uplink power transmission
· Note: This does not imply any restriction on UE antenna virtualization
· FFS: Whether full uplink power transmission needs to be supported for all precoders




2. UL FULL TX POWER 
In Rel-15, UE coherence capabilities; nonCoherent (NC), partialAndNonCoherent (PNC) and fullAndPartialAndNonCoherent (FPNC) are introduced to reflect the integrity of UL transmission in terms of frequency and time coherence. As such, according to UE coherence capability, only a specific subset of precoders will be allowed for transmission. For a given coherence capability, three categories of PA architectures are considered for discussion related to full TX power UL transmission. The categories are represented in the form of UE capabilities:
UE capability 1 (Cap1): full rated PAs on each TX chain is supported with a new UE capability 
UE capability 2 (Cap2): no TX chain is assumed to deliver full power with the new UE capability 
UE capability 3 (Cap3): subset of TX chains with full rated PAs is supported with a new UE capability

In the last meeting, at least for PC3, UE capability 1 and 3 were agreed as viable PA architecture options that can support full power transmission. UE capability 2 can also support full TX power in certain cases, however further investigation deemed necessary to validate its applicability.


 
In Rel-15, power setting and scaling procedure for PUSCH is defined as follows [2], 
	




For a PUSCH transmission on active UL BWP , as described in Subclause 12, of carrier  of serving cell , a UE first calculates a linear value  of the transmit power , with parameters as defined in Subclause 7.1.1. If the PUSCH transmission is scheduled by a DCI format 0_1 and when txConfig in PUSCH-Config is set to 'codebook', 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 number of SRS ports supported by the UE 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. 



[bookmark: _GoBack]Therefore, with NR Rel-15 UE precoding behavior, where antenna selection is performed through subset precoder selection, full TX power may not be always achieved if PAs are not fully rated to the expected max power, e.g., 23 dBm for PC3. Therefore, given inherent differences of each UE capability, adoption of different power scaling solutions is required. For example, for Cap1 UEs, the Rel-15 specification is still valid, and no change in specification is required. However, for a UE Cap2 and Cap3, different scaling solutions than the ones for Cap1 and each other may be required. 

Proposal 1: Different scaling solutions should be allowed to match UE capability.

3. UL TRANSMISSION WITH CAP3 UES 
In the last meeting, two different options for UE capability signalling were discussed. In the first alternative, the indication of PA architecture capability is performed through indication of support of one or group of TPMI precoder(s), and in the second alternative, the indication would serve to merely signal UE capability for power scaling. We prefer the first alternative, as it provides a more comprehensive picture of UE power capability. Hereafter, we discuss further details and its basic operation. 


					
(a) 																(b)
Figure 1 Typical MIMO transmitter with equally rated (PAmp) power amplifier per transmit chain
Table 1 shows the codebook for single-layer transmission using 4 antenna ports with transform precoding disabled. PA architectures for Cap3 UEs can be implemented in several different forms. However, while different combinations of placement of full-rate PAs can be envisioned, given the available options of precoders, there are only a couple of relevant cases that need to be considered. For a 4TX UE, Figure 1 shows different potential architecture for CAP3 UEs.
In a UE with Capability 3, high rated PAs, (e.g., full rated PAs) are placed only on a subset of TX RF chains. A UE with Capability 3, may be able to support high (e.g., full) power transmission only using a subset of precoders. As shown in Figure 1, if higher rated PAs are placed on the first and the third TX RF chains, and the remaining RF chains are only equipped with lower rated PAs, e.g., PAmp = 17dBm, only a subset of precoders may be considered for full power transmission. For FPNC and PNC coherence capabilities, full power transmission using TPMIs(4:11) can be achieved by relying on either full (23 dBm) or high rated (20 dBm) PAs. For TPMI(0:3), either a single 23 dBm PA, or two 20 dBm PAs with antenna virtualization would be sufficient.
Considering the potential architectures shown in Figure 1, it would be important that a UE would indicate to the gNB whether the architecture (a) or (b) is supported in the UE. Given the structure of the codebook in Table 1, for a Cap3 UE, a UE only needs to indicate whether the blue or red subsets, i.e., TPMIs(4:7) or TPMIs(5:8) should be considered by gNB for full power transmission. Having the information, gNB scheduler could consider the indicated subset or both subsets depending on whether full power transmission is needed. For example, for a cell-edge UE where full power is needed, gNB scheduler would use only the indicated subset for TPMI indication. However, if a full power transmission is not required, e.g., cell-centred UE, gNB would be considering both blue and red subsets. 


[bookmark: _Hlk4493915]Table 1 - Precoding matrix  for single-layer transmission using 4 antenna ports with transform precoding disabled[image: ]
Therefore, a single bit indication is needed to indicate which precoder subsets is supported for full power transmission. For example, by using a single bit indication, we can distinguish between wi and wj precoders, 

	

	
↔
	



Similarly, for a 2TX UE, if a single high-rated PA, i.e., 23 dBm is used, a similar indication as above can be used to convey the location of the high-rated PA for consideration by gNB scheduler.

Proposal 2: For Cap3 UEs, use a single bit to indicate the TPMI subset supporting full TX power transmission. 

4. Conclusion
In this contribution, we provide our perspectives on UE capability and the recommended solutions to support full power uplink transmission. Based on the discussion, following proposal are made:

Proposal 1: Different scaling solutions should be allowed to match UE capability.

Proposal 2: For Cap3 UEs, use a single bit to indicate the TPMI subset supporting full TX power transmission.
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