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In RAN1 99 meeting [1] and previous RAN1 meetings, most of the open issues on full power UL transmissions are addressed. The only opening issue that for 4 Tx partial coherent UEs, in mode 2, the TPMI grouping table is not completed. In RAN1 99, 4 bits is agreed to signalling the TPMI grouping. With 4 bits, in total 16 codepoints can be used to signal 16 TPMI groups. while only 7 groups were agreed in RAN1 99, which left the rest entries open. 
In this contribution, Section 2 discusses the remaining open issue on TPMI grouping in mode 2 for 4 Tx partial coherent UEs and proposed 3 more codepoint on TPMI group. Conclusions are drawn in Section 3. 
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In RAN1 99 meeting [1], the following agreement was made for TPMI grouping indication for mode 2 full power transmission. In the agreement, 4 bits signaling of TPMI groups are agreed for partial coherent 4 Tx UEs. However, only 7 groups of TPMIs are agreed and there are 9 entries in both Table 1 and Table 2 still opening. 
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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Although it is up to UE implementation to use what PAs to support the precoders with full power, the common understanding established in RAN1 is that a reasonable UE will use the following PAs listed in the table to support the 7 groups of TPMIs. Please note that a pair of PAs in () in below table indicates a pair of coherent PAs. Following this notation, the first pair of coherent PAs in the first () are linked to antenna port 0 and 2. The second pair of coherent PAs in the second () are linked to antenna port 1 and 3. 
 The first issue we identified is that, in the agreement made in RAN1 99, for partial coherent 4 Tx UE, a few partial coherent precoders are missed in the agreed TPMI groups G1-G3. In the below table, the missed TPMIs are added back with highlighted colour in purple. 
	TPMI group index
	TPMIs
	PAs

	G0
	,
	(23 +17)+(17+17)dBm

	G1
	,
,,,,
	(23+23)+(17+17) dBm

	G2
	,,,
,,,,
	(23+23)+(23+17) dBm

	G3
	,,
,,,,
	(20+20)+(20+17) dBm

	G4
	,,,,,
	(20+20) + (17 +17) dBm

	G5
	,,,,,,,
	(20+20) + (20 + 17) dBm

	G6
	,,,,,,,
,,,,
	(20+20) + (20+20) dBm



In addition to above 7 entries, we think the following three combinations of PAs are also reasonable for 4 Tx partial coherent UEs and they should be supported in Rel-16. 
· G7: (23+20) + (17+17) dBm
· G8: (23+23) + (20+20) dBm
· G9: (23+23) + (23+23) dBm

With G7, a UE can conveniently support full power with PUCCH/PRACH by putting PUCCH/PRACH transmission on antenna port 0, without extra effort to implement S-CDD to support full power for PUCCH/PRACH. For PUSCH full power transmission, it can support G0+G4. 
With G8, the UE can support full power with any precoder in 2Tx codebook when it reduced to a 2 Tx UE in case of max number of MIMO layers is reduced to 2 in BWP switch. On top of that, as a 4 Tx UE, it can support full power with both pair of coherent PAs. When on pair of coherent antennas gets hand-blocked, it allows NW to switch precoders to transmission full power with the other pair of coherent PAs. 
With G9, the UE can support full power with any partial and noncoherent precoders either as a 4 Tx UE or reduced to a 2 Tx UE. Rel-16 should allow and support this “super UE”, which give NW full flexibility to schedule PUSCH with any precoder even at cell edge. 
With the above in mind, we propose to support the following three TMPI groups for full power transmission in mode 2 for 4 Tx partial coherent UEs. 
Proposal 1: In mode 2, to indicate full power transmission capability for 4 Tx partial coherent UE, the following 3 TPMI groups should be supported, in addition to the 7 TPMI groups agreed in RAN1 99.
	TPMI group index
	TPMIs
	Note: PAs

	G7
	,,,,
	(23+20) + (17+17) dBm

	G8
	,
,,,,,,,
,
	(23+23) + (20+20)

	G9
	 in partial/noncoherent codebooksubset for 4 Tx UE
	(23+23) + (23+23) dBm


 
Proposal 2: For 4 Tx partial coherent UEs in full power transmission mode 2, the agreed TPMI groups G1, G2, and G3 are updated as below. 



	TPMI group index
	TPMIs
	Note: PAs

	G1
	,
,,,
	(23+23)+(17+17) dBm

	G2
	,,,
,,,
	(23+23)+(23+17) dBm

	G3
	,,
,,,
	(20+20)+(20+17) dBm
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In summary, we have the following proposals to address the remaining issues for full power uplink transmissions for Rel-16 MIMO enhancements. 
Proposal 1: In mode 2, to indicate full power transmission capability for 4 Tx partial coherent UE, the following 3 TPMI groups should be supported, in addition to the 7 TPMI groups agreed in RAN1 99.
	TPMI group index
	TPMIs
	Note: PAs

	G7
	,,,,
	(23+20) + (17+17) dBm

	G8
	,
,,,,,,,
,
	(23+23) + (20+20)

	G9
	 in partial/noncoherent codebooksubset for 4 Tx UE
	(23+23) + (23+23) dBm


 
Proposal 2: For 4 Tx partial coherent UEs in full power transmission mode 2, the agreed TPMI groups G1, G2, and G3 are updated as below. 
	TPMI group index
	TPMIs
	Note: PAs

	G1
	,
,,,
	(23+23)+(17+17) dBm

	G2
	,,,
,,,
	(23+23)+(23+17) dBm

	G3
	,,
,,,
	(20+20)+(20+17) 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  

 


