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Introduction
In last meetings, different UE capabilities to allow full power UL transmission was agreed as follows [1][2][3]:
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
Agreement
Regardless of UE capability 1, 2, or 3, signaling 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 signaling “UL full power tx capability”, further information on UE capability are signaled 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 signaling of above information does not imply any specific UE PA architecture implementation.

As shown in the agreement, at least for the codebook based UL transmission for non-coherent and partial/non-coherent capable UEs are supported for full power transmission. However, there are still other cases also need to be supported for full power transmission. In this contribution, we discuss the supporting cases for full power transmission. 
Support cases for full power transmission
We list the status of the codewords that support and don’t support full power transmission in Rel-15 as in Table 1 for UE with different coherent capability.
Table 1. Codewords w/o supporting full power transmission in Rel-15
	
	Rank-1 PUSCH
	Rank-2 PUSCH
	Rank-3 PUSCH
	Rank-4 PUSCH

	
	FC CWs
	PC CWs
	NC CWs
	FC CWs
	PC CWs
	NC CWs
	FC CWs
	PC CWs
	NC CWs
	FC CWs
	PC CWs
	NC CWs

	4Tx FC UE
	Y
	N
	N
	Y
	Y
	N
	Y
	Y
	N
	Y
	Y
	Y

	4Tx PC UE
	-
	N
	N
	-
	Y
	N
	-
	Y
	N
	-
	Y
	Y

	4Tx NC UE
	-
	-
	N
	-
	-
	N
	-
	-
	N
	-
	-
	Y

	2Tx FC UE
	Y
	-
	N
	Y
	-
	Y
	-
	-
	-
	-
	-
	-

	2Tx NC UE
	-
	-
	N
	-
	-
	Y
	-
	-
	-
	-
	-
	-



Where FC denotes full coherent, PC is partial coherent, and NC means non-coherent. The entries in the table marked with “N” implies that it does not support full power transmission. Among all the codewords marked with “N”, we need to identify if all these codewords should be enhanced to support full power transmission. In last meeting, it has been agreed that at least for non-coherent and partial/non-coherent capable UEs, full power should be supported. Whether this applies for the entire codebook or subset of codebook should be further studied such as if codewords for higher rank should also be enhanced.

[image: ]
Figure 1.Total transmit power of different rank for non-coherent UE in R15
[bookmark: OLE_LINK21]In Figure 1, we can see that for non-coherent UE, only the codeword of rank 4 can achieve full power transmission. The total power of codeword of rank 2 is reduced by 3dB relative to that of rank 4, and total power of codeword of rank 1 is further reduced by 3dB relative to that of rank2. Due to the imbalanced total power for different ranks, it is difficult to implement rank adaption, which will impact the UL transmission performance. Based on the above discussion, we have the following proposal:
Proposal 1:  All ranks for partially / non-coherent UE need to be supported for full power transmission.
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]For full coherent capable UE, all of three types of precoders are supported (full coherent/partial coherent/non coherent precoders). For the full coherent codewords can naturally support full power transmission. For partial coherent and non-coherent codewords in a coherent UE, the full power also should be supported, since for full coherent capable UE, partial coherent/non coherent codewords are mostly likely used for the antenna blocking scenario, where the coverage will be limited. In this case, the transmit power of the antennas that are blocked by some objects can be boosted to other antennas so that full power can be utilized especially for the coverage limited UE. There is no reason to block the use case of full power transmission only applicable to non-coherent or partial coherent UEs. If the full coherent UE have the full power transmission capability on a PA or multiple PAs with non-coherent or partial coherent codewords, the functionality of full power transmission should be applicable to enhance the UL coverage.
Proposal 2: Partial coherent/non coherent codewords in the full coherent UE should also be supported for full power transmission.
Summary of discussions
Based on the above discussion, we have the following observations and proposals: 
Proposal 1:  All ranks for partially / non-coherent UE need to be supported for full power transmission.
Proposal 2: Partial coherent/non coherent codewords in the full coherent UE should also be supported for full power transmission.
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