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1. Introduction

Following agreements were made in RAN1#99 meeting: 
Agreement

The size of precoding information and number of layers field in DCI is determined by the maximum number of ports among the SRS resources in the SRS resource set with usage of codebook.

· If the number of ports for a configured SRS resource is less than the maximum SRS port number among the configured SRS resources, the most significant bit(s) shall be reserved.

Agreement

· RRC parameters ULFPTx, ULFPTxModes are configured per UL BWP

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, we discuss the remaining issues and provide text proposals relevant to UL full power transmission.
2. Discussion
On TPMI group reporting  
In RAN1 #99 meeting, for Mode2 operation, TPMI grouping and reporting were agreed considering only a few UE RF architectures especially for 4Tx and partial-coherent TPMIs.  Following UE RF architecture were assumed: 20+17+20+17, 20+20+20+17, 20+20+20+20 PAs. However, in real UE implementation, UE RF architectures may be very diverse. To support diverse implementation, few other UE RF architectures should also be considered and corresponding TPMI groups should be included as in Table1 below. It should be noted that the TPMI indication bit size is still 4 bits for partial-coherent with 4Tx.
Table 1: For Mode 2, TPMI group reporting for partial-coherent UE with 4Tx 
	TPMI groups index
	TPMI groups
	UE RF architecture assumption

	
	Rank=1
	Rank=2
	Rank=3
	

	7
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Proposal1: 
· For Mode2, for 4 ports and partial-coherent UE TPMI group reporting, additional entries in Table1 are supported. 
On UE capability reporting
For Mode2, there are two ways to achieve full power transmission for a UE. The first way is by configuring multiple SRS resources and each with different SRS ports. The second way is by TPMI group indication, and  one or more SRS resources with same number of SRS ports are configured. 
UL full power Tx is an optional feature where Mode1 and Mode2 are separate UE capabilities. In Mode2, TPMI group reporting by UE should be another UE capability, that is, whether TPMI group reporting is supported in Mode2 is UE capability.
Proposal2: 
· Support of TPMI group indication is an optional UE feature with capability in Mode2.
On precoding information and number of layers
In Rel-15, for 4 antenna ports non-coherent and partial-coherent transmission, regardless of maximum rank number is 2 or 3 or 4, precoding information and number of layers field size is always fixed and concisely captured in single table in TS 38.212. It doesn’t change in Rel-16, therefore, it is not necessary to capture in separate tables.
Proposal3: 
· The following text proposal for precoding information and number of layers definition is supported.
-------------------------------------------------------Start text proposal-----------------------------------------------------------
TS 38.212 

7.3.1.1.2
 Format 0_1
…
-
Precoding information and number of layers – number of bits determined by the following:
-
0 bits if the higher layer parameter txConfig = nonCodeBook;
-
0 bits for 1 antenna port and if the higher layer parameter txConfig = codebook;
-
4, 5, or 6 bits according to Table 7.3.1.1.2-2 for 4 antenna ports, if txConfig = codebook, ULFPTxModes is either not configured or configured to Mode2, and according to whether transform precoder is enabled or disabled, and the values of higher layer parameters maxRank, and codebookSubset; 

-
4 or 6 bits according to Table 7.3.1.1.2-2A for 4 antenna ports, if txConfig = codebook, ULFPTxModes=Mode1, transform precoder is disabled, and according to the values of higher layer parameter codebookSubset;
…

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Table 7.3.1.1.2-2A: Precoding information and number of layers for 4 antenna ports, if transform precoder is disabled, maxRank = 2 or 3 or 4, and ULFPTxModes=Mode1
	Bit field mapped to index
	codebookSubset = partialAndNonCoherent
	Bit field mapped to index
	codebookSubset= nonCoherent

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	…
	…
	…
	…

	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3

	4
	2 layers: TPMI=0
	4
	2 layers: TPMI=0

	…
	…
	…
	…

	9
	2 layers: TPMI=5
	9
	2 layers: TPMI=5

	10
	3 layers: TPMI=0
	10
	3 layers: TPMI=0

	11
	4 layers: TPMI=0
	11
	4 layers: TPMI=0

	12
	1 layer: TPMI=13
	12
	1 layer: TPMI=13

	13
	2 layer: TPMI=6
	13
	2 layer: TPMI=6

	14
	3 layer: TPMI=1
	14
	3 layer: TPMI=1

	15
	1 layer: TPMI=4
	15
	Reserved

	…
	…
	
	

	23
	1 layer: TPMI=12
	
	

	24
	1 layer: TPMI=14
	
	

	25
	1 layer: TPMI=15
	
	

	26
	2 layers: TPMI=7
	
	

	…
	…
	
	

	32
	2 layers: TPMI=13
	
	

	33
	3 layers: TPMI=2
	
	

	34
	4 layers: TPMI=1
	
	

	35
	4 layers: TPMI=2
	
	

	36-63
	Reserved
	
	


…
--------------------------------------------------------End text proposal----------------------------------------------------------
On PUSCH power control
According to previous RAN1 agreements and above discussion, for a PUSCH transmission, it is common understanding that a UE can only work in Mode1 or Mode2 with TPMI group reporting or Mode2 with multiple SRS resources and each with different SRS ports are configured in the SRS resource set. Therefore, different power scaling methods for different conditions should be described separately. In particular, for Mode2 with multiple SRS resources and each with different SRS ports are configured in the SRS resource set, the detail of power scaling is missing in current specification.
Proposal4: 
· The following text proposal for PUSCH power control is supported.
-------------------------------------------------------Start text proposal-----------------------------------------------------------
TS 38.213
7.1 Physical uplink shared channel
For a PUSCH transmission on active UL BWP [image: image31.wmf]b

, as described in Clause 12, of carrier [image: image32.wmf]f

 of serving cell [image: image33.wmf]c

, a UE first calculates a linear value [image: image34.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 ULFPTx in PUSCH-Config is provided and codebookSubset in PUSCH-Config is set to nonCoherent or partialAndNonCoherent, the UE scales [image: image37.png]Peuscrborc (i qa.l)



 by [image: image39.png]


 where:
-
if ULFPTxModes in PUSCH-Config is set to Mode1, and each SRS resource in the SRS-ResourceSet with usage set to 'codebook' has more than one SRS port', [image: image41.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, or
-
if ULFPTxModes in PUSCH-Config is set to Mode2, when [image: image43.png]


 for full power TPMIs reported by the UE [16, TS 38.306], and [image: image45.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 SRI if more than one SRS resources are 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', or when full power TPMIs are not reported by the UE, [image: image46.png]


 is the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the number of SRS ports is associated with a SRS resource indicated by SRI if more than one SRS resources are configured in the SRS-ResourceSet with usage set to ‘codebook’ and the indicated SRS resource has more than one SRS port, or
-
if ULFPTxModes in PUSCH-Config is not provided, [image: image48.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. 

--------------------------------------------------------End text proposal----------------------------------------------------------
3. Conclusion

In this contribution, we discussed remaining issues and provided text proposals on UL full power transmission with the following proposals:
Proposal1: 
· For Mode2, for 4 ports and partial-coherent UE TPMI group reporting, additional entries in Table1 are supported.
Proposal2: 
· Support of TPMI group indication is an optional UE feature with capability in Mode2.
Proposal3: 
· The following text proposal for precoding information and number of layers definition is supported.
-------------------------------------------------------Start text proposal-----------------------------------------------------------
TS 38.212 

7.3.1.1.2
 Format 0_1
…
-
Precoding information and number of layers – number of bits determined by the following:
-
0 bits if the higher layer parameter txConfig = nonCodeBook;
-
0 bits for 1 antenna port and if the higher layer parameter txConfig = codebook;
-
4, 5, or 6 bits according to Table 7.3.1.1.2-2 for 4 antenna ports, if txConfig = codebook, ULFPTxModes is either not configured or configured to Mode2, and according to whether transform precoder is enabled or disabled, and the values of higher layer parameters maxRank, and codebookSubset; 

-
4 or 6 bits according to Table 7.3.1.1.2-2A for 4 antenna ports, if txConfig = codebook, ULFPTxModes=Mode1, transform precoder is disabled, and according to the values of higher layer parameter codebookSubset;
…

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Table 7.3.1.1.2-2A: Precoding information and number of layers for 4 antenna ports, if transform precoder is disabled, maxRank = 2 or 3 or 4, and ULFPTxModes=Mode1
	Bit field mapped to index
	codebookSubset = partialAndNonCoherent
	Bit field mapped to index
	codebookSubset= nonCoherent

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	…
	…
	…
	…

	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3

	4
	2 layers: TPMI=0
	4
	2 layers: TPMI=0

	…
	…
	…
	…

	9
	2 layers: TPMI=5
	9
	2 layers: TPMI=5

	10
	3 layers: TPMI=0
	10
	3 layers: TPMI=0

	11
	4 layers: TPMI=0
	11
	4 layers: TPMI=0

	12
	1 layer: TPMI=13
	12
	1 layer: TPMI=13

	13
	2 layer: TPMI=6
	13
	2 layer: TPMI=6

	14
	3 layer: TPMI=1
	14
	3 layer: TPMI=1

	15
	1 layer: TPMI=4
	15
	Reserved

	…
	…
	
	

	23
	1 layer: TPMI=12
	
	

	24
	1 layer: TPMI=14
	
	

	25
	1 layer: TPMI=15
	
	

	26
	2 layers: TPMI=7
	
	

	…
	…
	
	

	32
	2 layers: TPMI=13
	
	

	33
	3 layers: TPMI=2
	
	

	34
	4 layers: TPMI=1
	
	

	35
	4 layers: TPMI=2
	
	

	36-63
	Reserved
	
	


…
--------------------------------------------------------End text proposal----------------------------------------------------------
Proposal4: 
· The following text proposal for PUSCH power control is supported.
-------------------------------------------------------Start text proposal-----------------------------------------------------------
TS 38.213
7.1 Physical uplink shared channel
For a PUSCH transmission on active UL BWP [image: image49.wmf]b

, as described in Clause 12, of carrier [image: image50.wmf]f

 of serving cell [image: image51.wmf]c

, a UE first calculates a linear value [image: image52.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 ULFPTx in PUSCH-Config is provided and codebookSubset in PUSCH-Config is set to nonCoherent or partialAndNonCoherent, the UE scales [image: image55.png]Peuscrborc (i qa.l)



 by [image: image57.png]


 where:
-
if ULFPTxModes in PUSCH-Config is set to Mode1, and each SRS resource in the SRS-ResourceSet with usage set to 'codebook' has more than one SRS port', [image: image59.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, or
-
if ULFPTxModes in PUSCH-Config is set to Mode2, when [image: image61.png]


 for full power TPMIs reported by the UE [16, TS 38.306], and [image: image63.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 SRI if more than one SRS resources are 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', or when full power TPMIs are not reported by the UE, [image: image64.png]


 is the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the number of SRS ports is associated with a SRS resource indicated by SRI if more than one SRS resources are configured in the SRS-ResourceSet with usage set to ‘codebook’ and the indicated SRS resource has more than one SRS port, or
-
if ULFPTxModes in PUSCH-Config is not provided, [image: image66.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. 

--------------------------------------------------------End text proposal----------------------------------------------------------
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