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Introduction
In Rel-16, the solutions on full power enhancement have been fully discussed. Finally full power enhancement for codebook based PUSCH can be specified with two modes, i.e. Mode 1 and Mode 2. We discuss the remaining issues on full power transmission in this contribution.
Remaining issues on TPMI group reporting in Mode 2 for Rel-16
In RAN1#99 meeting, the following agreement has been reached for UL full Tx power with Mode 2 [1].
	Agreement
For 4 ports, number of bits to indicate TPMI(s) which can deliver UL full power:
· Non Coherent 2 bits
· Partial coherent 4 bits
· Additional entries on top of existing entries may be added to table 1 and table 2
Whether is this capability reporting is optional or not will be discussed as part of UE capability discussions
Table 1.
	4Tx, nonCoherent
	4Tx, partial coherent (4bit)

	G0
	G0

	G1
	G1

	G2
	G2

	G3
	G3

	
	G4

	
	G5

	
	G6

	
	



Definition of G0~G6 can be found in the table below.
Table 2.
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As shown in Table 1 and Table 2 in the above agreement, four TPMI groups (G0 to G3) and seven TPMI groups (G0 to G6) were agreed for the cases of non-coherent/ partial-coherent 4-Tx UE respectively. From the perspective of PA capability, the minimum requirements for PA architecture and port-coherent capability of G0 to G6 are shown in the following Table 1, wherein the PA architecture  corresponds to antenna ports {1000, 1001, 1002, 1003}, and we assume that the pairs of ports {1000, 1002} and ports {1001, 1003} are coherent, respectively.
[bookmark: _Ref3318]Table 1 Minimum requirements for UE PA architecture and coherent capability
	TPMI Group index
	PA architecture
	Coherent capability

	G0
	[23 17 17 17] dBm
	non-coherent only

	G1
	[23 17 23 17] dBm
	

	G2
	[23 23 23 17] dBm
	

	G3
	[20 20 20 17] dBm
	

	G4
	[20 17 20 17] dBm
	partial-coherent only

	G5
	[20 20 20 17] dBm
	

	G6
	[20 20 20 20] dBm
	


In RAN1 #101-e meeting, although there was no conclusion has been reached for this topic, some obvious logic holes of the existing G0 to G6 have been identified and demonstrated by most majorities [2].
Firstly, for a partial-coherent 4-Tx UE, four precoding matrices {[1 0 1 0]T, [1 0 -1 0]T, [1 0 j 0]T, [1 0 -j 0]T} are missed in G1 and G2. Specifically, we fail to see the logic to penalize such UEs with the PA capability according to G1 and G2 by disallowing them to obtain the up to 3 dB beam-forming gain with the four precoding matrices. Therefore, the precoding matrices {[1 0 1 0]T, [1 0 -1 0]T, [1 0 j 0]T, [1 0 -j 0]T} should be added into the existing G1 and G2 for the partial-coherent case.
Secondly, for a partial-coherent 4-Tx UE, it can be seen in Table 1 that G5 has the same requirement as G3 in terms of the minimum requirements of UE PA architecture, which means that G3 is a redundant entry for such UE and should be removed accordingly.
Thirdly, for a non-coherent/ partial-coherent 4-Tx UE, it can be seen that just 4 and 7 entries were reached respectively for TPMI group reporting, which restrict the diversity of UE implementation with this functionality. Consequently, some new TPMI groups need to be endorsed to support more types of PA architecture in Mode 2. In [3], we have elaborated that there are 12 types of the partial-coherent 4-Tx UE with different PA architectures should be enable to implement full power transmission by the functionality of TPMI group reporting in Mode 2, which are illustrated in Table 2.
[bookmark: _Ref3452]Table 2 Supported PA architectures of type 3 to 14
	Type
	Combination of PA architecture
	Supported PA architecture

	3
	2 ports with 17 dBm & 2 ports with 20 dBm, i.e., 
{17+17+20+20} dBm
	[20 17 20 17] dBm

	4
	1 port with 17 dBm & 3 ports with 20 dBm, i.e., 
{17+20+20+20} dBm
	[20 20 20 17] dBm

	5
	4 ports with 20 dBm, i.e., 
{20+20+20+20} dBm
	[20 20 20 20] dBm

	6
	3 ports with 17 dBm & 1 port with 23 dBm, i.e., 
{17+17+17+23} dBm
	[23 17 17 17] dBm

	7
	2 ports with 17 dBm & 2 ports with 23 dBm, i.e., 
{17+17+23+23} dBm
	[23 17 23 17] dBm

	8
	1 port with 17 dBm & 3 ports with 23 dBm, i.e., 
{17+23+23+23} dBm
	[23 23 23 17] dBm

	9
	2 ports with 17 dBm & 1 port with 20 dBm & 1 port with 23 dBm, i.e., 
{17+17+20+23} dBm
	[23 17 20 17] dBm

	10
	1 port with 17dBm & 2 ports with 20dBm & 1 port with 23 dBm, i.e., 
{17+20+20+23} dBm
	[23 20 20 17] dBm

	11
	1 port with 17 dBm & 1 ports with 20 dBm & 2 port with 23 dBm, i.e., 
{17+20+23+23} dBm
	[23 20 23 17] dBm

	12
	3 ports with 20 dBm and 1 port with 23 dBm, i.e., 
{20+20+20+23} dBm
	[23 20 20 20] dBm

	13
	2 ports with 20 dBm and 2 ports with 23 dBm, i.e., 
{20+20+23+23} dBm
	[23 20 23 20] dBm

	14
	1 port with 20 dBm and 3 ports with 23 dBm, i.e., 
{20+23+23+23} dBm
	[23 23 23 20] dBm


Here, we redesign the TPMI group list for non-coherent and partial-coherent 4-Tx UEs respectively and make the following proposal to address the above three issues. Besides, the minimum requirements for UE PA architecture and coherent capability of the new G0 to G11 of non-coherent and partial-coherent 4-Tx UE are summarized in Table 3 in Appendix.
Proposal 1: In order to support TPMI group based full power capability reporting for non-coherent/ partial-coherent 4-Tx UE in Mode 2, redesigning the existing Table 1 and Table 2 with the following Table 1’ and Table 2’.
Table 1’ TPMI groups for non-coherent/ partial-coherent 4-Tx UE
	4Tx, non-coherent (2bit)
	4Tx, partial-coherent (4bit)

	G0
	G0

	G1
	G1

	G2
	G2

	G3
	G3

	G4
	G4

	G5
	G5

	G6
	G6

	G7
	G7

	G8
	G8

	G9
	G9

	G10
	G10

	G11
	G11

	reserved
	reserved

	reserved
	reserved

	reserved
	reserved

	reserved
	reserved
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Table 2’  Details of TPMI groups for non-coherent/ partial-coherent 4-Tx UE
	Index
	Precoding Matrices of non-coherency
	Precoding Matrices of partial-coherency
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Conclusions
In this contribution, we analyze the remaining issues on TPMI group reporting in Mode 2 for NR Rel-16 full power transmission and provide the proposal as follows.
Proposal 1: In order to support TPMI group based full power capability reporting for non-coherent/ partial-coherent 4-Tx UE in Mode 2, redesigning the existing Table 1 and Table 2 with the following Table 1’ and Table 2’.
Table 1’ TPMI groups for non-coherent/ partial-coherent 4-Tx UE
	4Tx, non-coherent (2bit)
	4Tx, partial-coherent (4bit)

	G0
	G0

	G1
	G1

	G2
	G2

	G3
	G3

	G4
	G4

	G5
	G5

	G6
	G6

	G7
	G7

	G8
	G8

	G9
	G9

	G10
	G10

	G11
	G11

	reserved
	reserved

	reserved
	reserved

	reserved
	reserved

	reserved
	reserved



Table 2’  Details of TPMI groups for non-coherent/ partial-coherent 4-Tx UE
	Index
	Precoding Matrices of non-coherency
	Precoding Matrices of partial-coherency
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Appendix
[bookmark: _Ref3729]Table 3 Minimum requirements of non-coherent/ partial-coherent 4-Tx UE related to Table 2’
	TPMI Group index
	PA architecture
	Coherent capability

	G0
	[23 17 17 17] dBm
	non-cohernet and partial-coherent respectively

	G1
	[23 17 23 17] dBm
	

	G2
	[23 23 23 17] dBm
	

	G3
	[20 17 20 17] dBm
	

	G4
	[20 20 20 17] dBm
	

	G5
	[20 20 20 20] dBm
	

	G6
	[23 17 20 17] dBm
	

	G7
	[23 20 20 17] dBm
	

	G8
	[23 20 23 17] dBm
	

	G9
	[23 20 20 20] dBm
	

	G10
	[23 20 23 20] dBm
	

	G11
	[23 23 23 20] dBm
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TPMI Groups   

G0  1 2 ൦ 1 0 0 0 ൪  

G1  { 1 2 ൦ 1 0 0 0 ൪ , 1 2 ൦ 0 0 1 0 ൪ }   { 1 2 ൦ 1 0 0 0 0 1 0 0 ൪ }  

G2  { 1 2 ൦ 1 0 0 0 ൪ , 1 2 ൦ 0 1 0 0 ൪ , 1 2 ൦ 0 0 1 0 ൪ }   :  1 2 ൦ 1 0 0 0 0 1 0 0 ൪ , 1 2 ൦ 1 0 0 1 0 0 0 0 ൪ , 1 2 ൦ 0 0 1 0 0 1 0 0 ൪ } :  1 2 ൦ 1 0 0 0 1 0 0 0 1 0 0 0 ൪  

G3  { 1 2 ൦ 1 0 0 0 0 1 0 0 ൪ , 1 2 ൦ 1 0 0 1 0 0 0 0 ൪ , 1 2 ൦ 0 0 1 0 0 1 0 0 ൪ } :  1 2 ൦ 1 0 0 0 1 0 0 0 1 0 0 0 ൪  

G4  { 1 2 ൦ 1 0 1 0 ൪ , 1 2 ൦ 1 0 − 1 0 ൪ , 1 2 ൦ 1 0 𝑗 0 ൪ , 1 2 ൦ 1 0 − 𝑗 0 ൪ } ; 1 2 ൦ 1 0 0 0 0 1 0 0 ൪  

G5  { 1 2 ൦ 1 0 1 0 ൪ , 1 2 ൦ 1 0 − 1 0 ൪ , 1 2 ൦ 1 0 𝑗 0 ൪ , 1 2 ൦ 1 0 − 𝑗 0 ൪ } ; { 1 2 ൦ 1 0 0 0 0 1 0 0 ൪ , 1 2 ൦ 1 0 0 1 0 0 0 0 ൪ , 1 2 ൦ 0 0 1 0 0 1 0 0 ൪ } :  1 2 ൦ 1 0 0 0 1 0 0 0 1 0 0 0 ൪  

G6  ൞ 1 2 ൦ 1 0 1 0 ൪ , 1 2 ൦ 1 0 − 1 0 ൪ , 1 2 ൦ 1 0 𝑗 0 ൪ , 1 2 ൦ 1 0 − 𝑗 0 ൪ ൢ ; { 1 2 ൦ 0 1 0 1 ൪ , 1 2 ൦ 0 1 0 − 1 ൪ , 1 2 ൦ 0 1 0 𝑗 ൪ , 1 2 ൦ 0 1 0 − 𝑗 ൪ } ;   { 1 2 ൦ 1 0 0 0 0 1 0 0 ൪ , 1 2 ൦ 0 0 1 0 0 0 0 1 ൪ , 1 2 ൦ 1 0 0 1 0 0 0 0 ൪ , 1 2 ൦ 1 0 0 0 0 0 0 1 ൪ , 1 2 ൦ 0 0 1 0 0 1 0 0 ൪ , 1 2 ൦ 0 0 0 0 1 0 0 1 ൪ } ; 1 2 ൦ 1 0 0 0 1 0 0 0 1 0 0 0 ൪  
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