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1	Introduction
In the RAN1 #100bis-e meeting, 4 issues were raised in FL’s summary [1]. Only 3 issues out of the four were treated and discussed with corresponding agreements. The only remaining issue is related to the one of additional entries for 4-port partial coherent Mode-2 UE. This issue was raised twice during the preparation meetings in RAN1 #100 and RAN1 #100bis meetings, following the RAN1 agreement reached in RAN1 #99. 
This contribution discusses this last issue on extra entries for the 4-port partial coherent Mode-2 UE. This issue shall be considered as the last issue to conclude this Rel-16 uplink full power Tx feature.

2	Discussion
In RAN1 #99 meeting, RAN1 reached an agreement on Mode-2 UE with 4Tx ports: the UE capability signaling for 4Tx ports [2]:
	Agreement
For 4 ports, number of bits to indicate TPMI(s) which can deliver UL full power:
0. Non Coherent 2 bits
0. Partial coherent 4 bits
1. Additional entries on top of existing entries may be added to table 1 and table 2
0. 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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Please note these marked entries are not fully agreed yet in RAN1 #99. It was also agreed that extra entries for the partial coherent case is needed because 4-bits for reporting is agreed while only 7 entries of TPMI groups are defined. Extra entries are needed to complete this design for the capacity reporting for 4Tx partial coherent UE. 
The Rel-16 UE with the full Tx power feature supports two UE modes. These two UE modes, Mode-1 and Mode-2, are parts of UE capability. For full Tx power uplink transmission, a UE may claim its capability as
1. Full Tx power capability, for UE with full coherent Tx ports;
2. Mode-1 UE, where only a subset of TPMI will support full power transmission;
3. Mode-2 UE, where UE may use virtualized port to deliver full Tx power.
From the network side, gNB can use RRC parameters ULFPTx, and ULFPTxModes to configure UE, within UE’s capability. 
For 4Tx UE, Table 1 and Table 2 in RAN1 #99 agreement defines UE capability signalling, with 2-bit for non-coherent 4Tx, and 4-bit for partial-coherent 4Tx. One of the TPMI groups, G0, G1, G2, and G3, can be indicated by a 2-bit capacity signalling to indicate UE’s capability for 4Tx non-coherent ports. 
For non-coherent 4Tx ports, G0 indicates rank-1, G1 indicates rank-1 and rank-2, G2 indicates rank-1, rank-2, and rank-3, and G3 indicates rank-2 and rank-3 transmission. Not all combination for 4Tx non-coherent ports are listed here; however, these G0~G3 are considered general cases that UE could support.
For partial-coherent 4Tx ports, a total of 7 TPMI groups are defined in Table 2 for full-power TPMI signalling. G0~G3 groups are included for non-coherent ports; while G4~G6 groups are considering the 2 coherent ports out of total 4Tx ports. G4 is covering rank-1 and rank-2 case; G5 covers rank-1, rank-2 and rank-3 case; and G6 covers another case of rank-1, rank-2, and rank-3 transmission. 
Given that only 7 TPMI groups are defined in Table 2 to support UE capability signaling, 3-bits of signaling should be sufficient. However, it is agreed to use 4-bit for partial-coherent 4Tx signaling, as agreed in RAN1 #99. Extra TPMI groups (up to total of 16) can be added to support more flexible UE implementations. 
One alternative is to have TPMI groups with limited ranks for full power transmission. We list the new TPMI groups in the table for rank-1 in G7 and G9, rank-1/2 in G8 and G10. A UE can use these TPMI groups to indicate their limited rank capability for full power transmission, with 4Tx partial-coherent ports.

	G7
	

	G8
	

	G9
	

	G10
	




Proposal 1: Include these new TPMI groups, G7, G8, G9 and G10 for 4Tx partial-coherent full-Tx power capability signaling.

3	Conclusions
The last remaining issue of Rel-16 full power uplink transmission feature, as the extra TMPI groups for 4Tx Mode-2 UE capability signaling, is discussed in this contribution. Given that it was agreed to use 4-bit to indicate capability for 4Tx partial-coherent UE, we shall add a few more TPMI groups for further implementation flexibility.
Proposal 1: Include these new TPMI groups, G7, G8, G9 and G10 for 4Tx partial-coherent full-Tx power capability signaling.
	G7
	

	G8
	

	G9
	

	G10
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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  

 


