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1. Introduction
In RAN1 #99 meeting, following agreements are captured in the chairman’s note as:
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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In this contribution, we further discuss on additional entries for 4-port partial coherent TPMIs which can deliver UL full power. 
2. Discussions on additional 4-port partial coherent TPMIs with full power UL Tx  
In the RAN1#99 meeting, it was intensively discussed on how to support full power UL transmission in case of Mode 2 operation for non/partial coherent UE. Due to signaling overhead, TMPI combination based UE capability signaling is agreed to support for 4-port Mode 2 operation. For non-coherent UE, 2 bits are used to indicate 4 combinations. However, in case of partial-coherent UE, only 7 states out of 16 states are currently used as shown in Table 1 below. Thus, in order to efficiently apply mode 2 operation for various UE implementation, possible TPMI combinations should be added on top of agreed 7 combinations. 

Table 1. TPMI groups for 4-port Partial coherent UE with Mode 2 operation
	
	TPMI groups
	Min. applicable PA combination

	G0
	,
	{23,17,17,17}dBm


	G1
	, , ,
	{23,17,23,17}dBm


	G2
	, , , , 
	{23,23,23,17}dBm

	G3
	, ,, 
	{20,20,20,17}dBm

	G4
	, ,
	{20,17,20,17}dBm

	G5
	, ,, ,, 
	{20,20,20,17}dBm

	G6
	, ,,, ,
, , ,,
	{20,20,20,20}dBm


As shown in Table 1, it could cover most of UE PA combinations, but it has following issues.
· It is not optimized for high-end PA architectures. E.g., {23,23,23,20}dBm or {23,20,23,20}dBm can support G2+G6 or G1+G6 combinations, respectively.
· G1~G3 is mainly used for non-coherent UE, thus in case of partial coherent UE, it can support more TPMIs e.g., for G1, , , can be additionally supported.

· If the UE is not capable for (dynamic) port or PA switching, there will be some missing PA combinations, e.g. G4 cannot be applied to both {20,17,20,17}dBm and {17,20,17,20}dBm, if port switching is not supported.
· {18.23, 18.23, 18.23, 18.23}dBm PA combination which can support  with full power UL Tx is missing. 
Based on the above discussions, we suggest following additional TPMI groups in Table 2. 

Table 2. TPMI groups for 4-port Partial coherent UE with Mode 2 operation
	
	TPMI groups
	Min. applicable PA combination

	G7
	, , , ,,, ,
, , ,,
	{23,20,23,20}dBm

	G8
	, , , ,,, ,
, , ,,
	{23,23,23,20}dBm

	G9
	,, ,,, ,
, , ,,
	{23,20,20,20}dBm

	G10
	, , , ,
	{23,17,23,17}dBm

	G11
	, ,,,
	{20,20,20,17}dBm

	G12
	, , , ,,, 
	{23,23,23,17}dBm

	G13
	, ,,
	{17,20,17,20}dBm

	G14
	, , , ,,
	{17,23,17,23}dBm

	G15
	, , 
	{23,23,17,17}dBm

	G16
	
	{18.23, 18.23, 18.23, 18.23}dBm


Note that G16 only supports for rank 3 transmission. Considering the fact that the motivation of uplink full power transmission is coverage enhancement, rank 1 or 2 transmission is more desirable. Thus, G16 is less preferable than other entries. 

Proposal 1: Adopt G7-G15 in Table 2 for additional entries for 4-port Partial coherent UE with Mode 2 operation.
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3. Conclusion
In this contribution, we further discussed on additional entries for 4-port partial coherent TPMIs which can deliver UL full power. Based on the discussion, we have the following proposal as:
Proposal 1: Adopt G7-G15 in Table 2 for additional entries for 4-port Partial coherent UE with Mode 2 operation.
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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  

 


