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1. Introduction
In RAN1#99 meeting, the following agreements were achieved for full Tx power UL transmission with Mode 2[1].

Agreement

For 2 ports, number of bits to indicate TPMI(s) which can deliver UL full power: 

· 2 bits (bitmap)

· Whether is this capability reporting is optional or not will be discussed as part of UE capability discussions

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.

[image: image1.emf]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  

 


In this contribution, the TMPIs which could be indicated by UE to deliver full power UL transmission for 4 ports with Mode 2 were discussed, and the entries in table 2 are further updated.  We also have some discussion on supporting full coherent capable UE to perform R16 full power transmission based on the related conclusion in RAN1#100bis-E meeting [2].
2. Discussion

2.1. Discussion on TPMI reporting for 4Tx UE in Mode2
Regarding the TPMIs in table 2, in our understanding, each entry in table 2 represents a kind of typical PA architecture of 4Tx UE. For non-coherent UE, the PA architectures behind the indicated TPMI groups can be illustrated as following in table 3A for 4Tx non-coherent UE. It was agreed that the power scaling factor is 1 for the reported TPMI precoders, while for the other TPMI precoders, the power scaling factor is determined by #non-zero PUSCH port/#SRS ports in the SRS resource. That means, from the network perspective, the ports with only zero values in the reported TPMI precoders can only be treated as maximum 17dBm PA. Take G1 for 4Tx non-coherent UE as an example, the second and the fourth ports can deliver maximum 17dBm from network point of view when the power scaling factor is applied. Similarly, the other indicated TPMI groups can be interpreted as in table 3A.    
Table 3A. Typical PA architectures represented by the indicated TPMIs for non-coherent 4Tx UE
	Indicated TPMI group
	PA architecture

	G0
	One 23dBm PA (e.g., 23+17+17+17)

	G1
	Two 23dBm PA (e.g., 23+17+23+17)

	G2
	Three 23dBm PA (e.g., 23+23+23+17)

	G3
	Three 20dBm PA (e.g., 20+20+20+17)


For partial-coherent UE, the typical PA architectures represented by the indicated TPMIs are illustrated in the following table 3B.
Table 3B. Typical PA architectures represented by the indicated TPMIs for partial-coherent 4Tx UE

	Indicated TPMI group
	PA architecture

	G0
	One 23dBm PA (e.g., 23+17+17+17)

	G1
	Two 23dBm PA (e.g., 23+17+23+17)

	G2
	Three 23dBm PA (e.g., 23+23+23+17)

	G3
	Three 20dBm PA (e.g., 20+20+20+17)

	G4
	Two 20dBm PA (e.g., 20+17+20+17)

	G5
	Three 20dBm PA (e.g., 20+20+20+17)

	G6
	Four 20dBm PA (e.g., 20+20+20+20)


Firstly, for partial-coherent UE, it can be seen that G0~G3 for non-coherent UE were reused and G4~G6 were further added. However, in our understanding, the current G1~G3 for non-coherent UE should not be directly reused for partial-coherent UE. They should be updated as following to include [image: image3.png]


 to allow the first and third ports to deliver full power transmission together. There is no need to reserve G3’ after update since G3’ is exactly the same as G5. 
Table 4 Updated reported TPMI(s) for partial-coherent 4Tx UE

	Indicated TPMI group
	PA architecture
	

	G0
	One 23dBm PA (e.g., 23+17+17+17)
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	G1’
	Two 23dBm PA (e.g., 23+17+23+17)
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	G2’
	Three 23dBm PA (e.g., 23+23+23+17)
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	G3’=G5
	Three 20dBm PA (e.g., 20+20+20+17)
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	G4
	Two 20dBm PA (e.g., 20+17+20+17)
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	G5
	Three 20dBm PA (e.g., 20+20+20+17)
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	G6
	Four 20dBm PA (e.g., 20+20+20+20)
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Proposal 1: For partial-coherent 4Tx UE, updated G1 and G2 to include [image: image42.png]


  for reported TPMI(s) which can deliver UL full power.
Proposal 2: For partial-coherent 4Tx UE, remove G3 for reported TPMI(s) which can deliver UL full power.
Secondly, it was agreed that the number of bits to indicate TPMI(s) which can deliver UL full power is 4 for partial-coherent UE with 4 ports. However, following the current design for reported TPMI group, 3 bits are enough for the 6 entries of partial-coherent UE. One alternative is to change the number of bits for the indicated TPMI(s) from 4 to 3 for partial-coherent UE, the other alternative is to add more entries for partial-coherent 4Tx UE to add more flexibility to support more PA architectures. If the later alternative is adopted, other PA architectures and corresponding reported TPMI groups could be considered as illustrated in table 5.
Table 5. Additional typical PA architectures for partial-coherent 4Tx UE

	Indicated TPMI group
	PA architecture
	

	G7
	One 23dBm PA + One 20dBm PA (e.g., 23+17+20+17)
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	G8
	One 23dBm PA + Three 20dBm PA (e.g., 23+20+20+20)
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	G9
	Two 23dBm PA + Two 20dBm PA (e.g., 23+20+23+20)
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	G10
	Three 23dBm PA + One 20dBm PA (e.g., 23+23+23+20)
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Proposal 3: For partial-coherent 4Tx UE, consider the following two alternatives for reported TPMI(s) design:

· Alt 1: Change the number of bits used for the reported TPMI(s) from 4 bits to 3 bits. 
· Alt 2: Keep 4 bits for the reported TPMI(s), and add more entries to add flexibility to support more PA architectures.
Proposal 4: If Alt 2 is adopted, the PA architectures and corresponding reported TPMI groups in table 5 could be considered for partial-coherent 4Tx UE.
2.2. Discussion on supporting full coherent capable UE to perform R16 full power transmission
In RAN1#100bis-E meeting, the following conclusion was achieved.
Conclusion

· A full coherent capable UE, depending on its capability, can also report Rel-16 UL full power transmission capability

· Discuss UE capability related issues under UE feature agenda

In the email discussion during RAN1#100bis-E meeting, it was discussed that it is benefit to allow a full coherent capable UE to work in R16 full power transmission mode. Specifically, even when a UE is configured with codebookSubset in PUSCH-Config set to ‘fullyAndPartialAndNonCoherent’, it would still be benefit to allow UE to use power scaling factor s=1 for the scenario when some of the antennas are blocked. In one example, for 2Tx UE with [23 23] dBm PA architecture, it would be benefit to allow UE to perform full power transmission with antenna selection TPMI [1 0] and [0 1] if UE reports to support full power transmission mode 0. In another example, for 4Tx UE with [20 20 20 20] dBm architecture, It would be benefit to allow UE perform full power transmission using reported antenna selection TPMI, e.g., [1 1 0 0], or using antenna vitalization if UE reports to support full power transmission mode 2. There is no need for UE to support full power transmission mode 1 when UE is configured with codebookSubset in PUSCH-Config set to ‘fullyAndPartialAndNonCoherent’, and this can already be avoided based on table 7.3.1.1.2-2~5A in TS38.212 since full power transmission mode 1 and ‘fullyAndPartialAndNonCoherent’ for codebookSubset will not be configured simultaneously.
For a full coherent capable UE, the codebookSubset in PUSCH-Config can be set to ‘fullyAndPatialAndNonCoherent’ or ‘partialAndNonCoherent’ or ‘nonCoherent’. However, in the current TS38.213, the full coherent capable UE is allowed to work in R16 full power transmission mode only when the codebookSubset in PUSCH-Config is set to ‘partialAndNonCoherent’ or ‘nonCoherent’. Therefore, it is proposed to also allow UE to be configured to perform R16 full power transmission when codebookSubset in PUSCH-Config is set to ‘fullyAndPatialAndNonCoherent’ depending on its capability report.

Proposal 5:  Support that UE with codebookSubset in PUSCH-Config set to ‘fullyAndPatialAndNonCoherent’ can also be configured to perform R16 UL full power transmission depending on its capability report.
Proposal 6: Adopt the following text proposal for TS38.213. 

*** Unchanged text is omitted ***

7.1
Physical uplink shared channel

For a PUSCH transmission on active UL BWP [image: image69.wmf]b

, as described in Clause 12, of carrier [image: image70.wmf]f

 of serving cell [image: image71.wmf]c

, a UE first calculates a linear value [image: image72.wmf])
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, with parameters as defined in Clause 7.1.1. For a PUSCH transmission scheduled by a DCI format or configured by ConfiguredGrantConfig or semiPersistentOnPUSCH, if txConfig in PUSCH-Config is set to 'codebook', 
-
if ul-FullPowerTransmission in PUSCH-Config is provided and codebookSubset in PUSCH-Config is set to 'nonCoherent' or 'partialAndNonCoherent' or 'fullyAndPartialAndNonCoherent', the UE scales [image: image75.png]Pousciin,r.c(bJ Gar D)



 by [image: image77.png]


 where:
-
if ul-FullPowerTransmission in PUSCH-Config is set to fullpowerMode1, and each SRS resource in the SRS-ResourceSet with usage set to 'codebook' has more than one SRS port, [image: image79.png]


 is the ratio of a number of antenna ports with non-zero PUSCH transmission power over the maximum number of SRS ports supported by the UE in one SRS resource

-
if ul-FullPowerTransmission in PUSCH-Config is set to fullpowerMode2 

-
[image: image81.png]


 for full power TPMIs reported by the UE [16, TS 38.306], and [image: image83.png]


 is the ratio of a number of antenna ports with non-zero PUSCH transmission power over a number of SRS ports for remaining TPMIs, where the number of SRS ports is associated with a SRS resource indicated by a SRI field in a DCI format scheduling the PUSCH transmission if more than one SRS resource is configured in the SRS-ResourceSet with usage set to 'codebook', or the number of SRS ports is associated with the SRS resource if only one SRS resource is configured in the SRS-ResourceSet with usage set to 'codebook', 

-
[image: image85.png]


, if a SRS resource with a single port is indicated by a SRI field in a DCI format scheduling the PUSCH transmission when more than one SRS resource is provided in the SRS-ResourceSet with usage set to 'codebook', or if only one SRS resource with a single port is provided in the SRS-ResourceSet with usage set to 'codebook', and 

-
if ul-FullPowerTransmission in PUSCH-Config is set to fullpower, [image: image87.png]



-
else, if each SRS resource in the SRS-ResourceSet with usage set to 'codebook' has more than one SRS port, the UE scales the linear value by the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the maximum number of SRS ports supported by the UE in one SRS resource. 

The UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power. 

*** Unchanged text is omitted ***

3. Conclusion

Proposal 1: For partial-coherent 4Tx UE, updated G1 and G2 to include [image: image89.png]


  for reported TPMI(s) which can deliver UL full power.
Proposal 2: For partial-coherent 4Tx UE, remove G3 for reported TPMI(s) which can deliver UL full power.
Proposal 3: For partial-coherent 4Tx UE, consider the following two alternatives for reported TPMI(s) design:

· Alt 1: Change the number of bits used for the reported TPMI(s) from 4 bits to 3 bits. 

· Alt 2: Keep 4 bits for the reported TPMI(s), and add more entries to add flexibility to support more PA architectures.
Proposal 4: If Alt 2 is adopted, the PA architectures and corresponding reported TPMI groups in table 5 could be considered for partial-coherent 4Tx UE.
Proposal 5:  Support that UE with codebookSubset in PUSCH-Config set to ‘fullyAndPatialAndNonCoherent’ can also be configured to perform R16 UL full power transmission depending on its capability report.

Proposal 6: Adopt the following text proposal for TS38.213. 

*** Unchanged text is omitted ***

7.1
Physical uplink shared channel

For a PUSCH transmission on active UL BWP [image: image90.wmf]b

, as described in Clause 12, of carrier [image: image91.wmf]f

 of serving cell [image: image92.wmf]c

, a UE first calculates a linear value [image: image93.wmf])

,

,

,

(

ˆ

,

,

,

PUSCH

l

q

j

i

P

d

c

f

b

 of the transmit power [image: image94.wmf])

,

,

,

(

,

,

,

PUSCH

l

q

j

i

P

d

c

f

b

, with parameters as defined in Clause 7.1.1. For a PUSCH transmission scheduled by a DCI format or configured by ConfiguredGrantConfig or semiPersistentOnPUSCH, if txConfig in PUSCH-Config is set to 'codebook', 
-
if ul-FullPowerTransmission in PUSCH-Config is provided and codebookSubset in PUSCH-Config is set to 'nonCoherent' or 'partialAndNonCoherent' or 'fullyAndPartialAndNonCoherent', the UE scales [image: image96.png]Pousciin,r.c(bJ Gar D)
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 where:
-
if ul-FullPowerTransmission in PUSCH-Config is set to fullpowerMode1, and each SRS resource in the SRS-ResourceSet with usage set to 'codebook' has more than one SRS port, [image: image100.png]


 is the ratio of a number of antenna ports with non-zero PUSCH transmission power over the maximum number of SRS ports supported by the UE in one SRS resource

-
if ul-FullPowerTransmission in PUSCH-Config is set to fullpowerMode2 

-
[image: image102.png]


 for full power TPMIs reported by the UE [16, TS 38.306], and [image: image104.png]


 is the ratio of a number of antenna ports with non-zero PUSCH transmission power over a number of SRS ports for remaining TPMIs, where the number of SRS ports is associated with a SRS resource indicated by a SRI field in a DCI format scheduling the PUSCH transmission if more than one SRS resource is configured in the SRS-ResourceSet with usage set to 'codebook', or the number of SRS ports is associated with the SRS resource if only one SRS resource is configured in the SRS-ResourceSet with usage set to 'codebook', 

-
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, if a SRS resource with a single port is indicated by a SRI field in a DCI format scheduling the PUSCH transmission when more than one SRS resource is provided in the SRS-ResourceSet with usage set to 'codebook', or if only one SRS resource with a single port is provided in the SRS-ResourceSet with usage set to 'codebook', and 

-
if ul-FullPowerTransmission in PUSCH-Config is set to fullpower, [image: image108.png]



-
else, if each SRS resource in the SRS-ResourceSet with usage set to 'codebook' has more than one SRS port, the UE scales the linear value by the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the maximum number of SRS ports supported by the UE in one SRS resource. 

The UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power. 

*** Unchanged text is omitted ***
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