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Introduction
For Rel-16 UL full power transmission, there are two major remaining issues regarding mode 2 in our view. 
· The LS reply to R1-2004936 on the TPMI list related capability reporting for mode 2 UE
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· Complete the TPMI list related FG16-5c-3 in R1-2005110 
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The TPMI list design for Mode 2 operation has few major issues as below
· It only supports a limited subset of PA architectures
· For 4 ports capable UE, some PA architectures are only supported for non-coherent UE, but not for partial or full coherent UE.
· For 4 ports capable UE, some PA architectures are only supported for partial or full coherent UE, but not for non-coherent UE, but not for non-coherent UE
In this contribution, we provide some discussion on the remaining issues on Rel-16 UL full power transmission enhancement.
Mode 2 full power transmission TPMI group indication
In RAN1#99 [1], for mode 2 operation, the following agreement has been reached in terms of the TPMI list indication.
	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 section, we will provide some analysis on the following two issues of the current TPMI list design 

· For 4 ports capable UE, some PA architectures are only supported for non-coherent UE, but not for partial or full coherent UE.
· For 4 ports capable UE, some PA architectures are only supported for partial or full coherent UE, but not for non-coherent UE, but not for non-coherent UE
Below is the analysis on the PA that can be supported for each TPMI group from G0 to G6










Table 1 Supported architecture for G0-G6
	4Tx, nonCoherent (2 bit) 
	4Tx, partial coherent (4bit)
	PA architecture

	G0
	G0
	[23 17 17 17]

	G1
	G1
	[23 17 23 17]
(only for non-coherent, missing TPMI for partial coherent)

	G2
	G2
	[23 23 23 17]
(only for non-coherent, missing TPMI for partial coherent)

	G3
	G3
	[20 20 20 17]
(G5 covers it)

	
	G4
	[20 17 20 17]

	
	G5
	[20 20 20 17]

	
	G6
	[20 20 20 20]



From the read highlight part, we can identify two major issues given the current TPMI G0-G6 design

· [23, 17, 23, 17], [23, 23, 23, 17] is only supported for non-coherent
· [20, 17, 20, 17], [20, 20, 20, 20] is only supported for partial-coherent

It is important to note that, the coherency between two antenna (ports) is not directly related to the maximum output power of the corresponding PA. To achieve coherent transmission, it is required to perform phase calibration and ensure phase coherency between two transmit chains, which is irrespective of the maximum output power of the PA. Therefore, it was a design flaw in the current TPMI list that some PA architectures are only supported for non-coherent UE, and some PA architectures are only support for partial or full coherent UE. It unfairly penalizes certain UE implementation unnecessarily. It is very important to ensure that, regardless of the UE coherency capability, UE should be provided with fair and equal chance to choose PA architectures in terms of the maximum output power. 

To correct the design issue, the following solutions can be adopted 
· Solutions for non-coherent UE
· No-coherent UE is also allowed to report G4 and G6. When G4 or G6 is reported by non-coherent UE, only non-coherent TPMIs are taken from the list 
· Solutions for partial and full coherent UE
· For [23 17 23 17] PA, add a new TPMI list entry combining G1 + G4
· For [23 23 23 17] PA, add a new TPMI list entry combining G2 + G5 or G2 + G4

Therefore, we have the following proposal

Proposal 1: For mode 2 UL full power transmission, for TPMI list design and related capability reporting, adopt the following enhancement 
· Solutions for 4 port non-coherent UE
· 4 port No-coherent UE is also allowed to report G4 and G6. When G4 or G6 is reported by 4 port non-coherent UE, only non-coherent TPMIs are taken from the list 
· Solutions for 4 port partial and full coherent UE
· For [23 17 23 17] dBm PA, add a new TPMI list entry combining G1 + G4
· For [23 23 23 17] dBm PA, add a new TPMI list entry combining G2 + G5 or G2 + G4

Conclusion
In this contribution, we discussed issues for Rel-16 full power transmission related to the TPMI list design and related capability reporting design for mode 2 operation. Based on the analysis presented in this contribution, we can identify two major issues given the current TPMI G0-G6 design
· [23, 17, 23, 17], [23, 23, 23, 17] is only supported for non-coherent
· [20, 17, 20, 17], [20, 20, 20, 20] is only supported for partial-coherent
The above limitation unfairly penalizes the UE implementation. It is very important to ensure that, regardless of the UE coherency capability, UE should be provided with fair and equal chance to choose PA architectures in terms of the maximum output power. Therefore, have the following proposal
Proposal 1: For mode 2 UL full power transmission, for TPMI list design and related capability reporting, adopt the following enhancement 
· Solutions for 4 port non-coherent UE
· 4 port No-coherent UE is also allowed to report G4 and G6. When G4 or G6 is reported by 4 port non-coherent UE, only non-coherent TPMIs are taken from the list 
· Solutions for 4 port partial and full coherent UE
· For [23 17 23 17] dBm PA, add a new TPMI list entry combining G1 + G4
· For [23 23 23 17] dBm PA, add a new TPMI list entry combining G2 + G5 or G2 + G4
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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  

 


