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Introduction
For Rel-16, the solutions on full power enhancement have been fully discussed. Finally full power enhancement for codebook based PUSCH can be specified with two modes, i.e. mode 1 and mode 2. We discuss the remaining issues on full power transmission in this contribution.
Discussion on Full TX Power for UL transmission for Rel-16
Remaining issues on Mode 1
For Mode 1, UE can be configured with one or more SRS resources with same number of SRS ports within an SRS resource set where usage is set to ‘codebook’. The allowed codebook for non-coherent and partial-coherent UEs should be extended, while PA assumption and power scaling scheme are kept the same as in Rel-15. 
The remaining issue is how to allow the implementation of having random phase among non-coherent TX ports for non-coherent and partial-coherent UEs to achieve full power.
The non-coherent and partial-coherent UE cannot ensure the relative phase indicated by new allowed TPMIs for full power, and consequently, from the spec perspective, the random/uncontrolled relative phase(s) among TX ports for non-coherent and partial-coherent UE should be specified. In practice, the precoding matrices for the new extended TPMIs are shown in Table 1. 
Table 1. Random phase between TX ports for new TPMI(s) for non-coherent and partial-coherent UE
	
	New TPMI(s)
	Precoding matrices in reality

	Non-coherent
2TX
	Rank 1, TPMI=2
	


	Non-coherent
4TX
	Rank 1, TPMI=13
	


	
	Rank 2, TPMI=6
	


	
	Rank 3, TPMI=1
	


	Partial-coherent
4TX
	Rank 1, TPMI=12, 13, ..., 15
	



, , , 

	


Note: , ,  are complex numbers of module 1, and reflect any phase that UE may generate.


Therefore, we propose to specify in RAN1 specification that the random/uncontrolled relative phase(s) between TX ports can be allowed for non-coherent and partial-coherent UE. 
Proposal 1: For full power Mode1, the following aspects should be specified.
•	A partial-coherent 4Tx UE is not expected to maintain relative phase between any one out of PUSCH antenna ports{1000, 1002} and any one out of PUSCH antenna port {1001, 1003};
•	A non-coherent 4Tx UE is not expected to maintain relative phase among PUSCH antenna ports {1000, 1001, 1002, 1003}.
•	A non-coherent 2Tx UE is not expected to maintain relative phase between PUSCH antenna port 1000 and antenna port 1001.
[bookmark: _Toc27299928][bookmark: _Toc29673342][bookmark: _Toc29673201][bookmark: _Toc29674335][bookmark: _Toc20318030][bookmark: _Toc11352140]TP 1: Adopt the following text change in {38.214: 6.1.1.1	Codebook based UL transmission}
	A UE can be configured to operate in either Mode 1 or Mode 2 upon reception of the higher layer parameter ULFPTxModes. 
-	For UL transmission Mode 1:
[bookmark: _GoBack]-	the UE can be configured with one or two SRS resources with same number of SRS ports within an SRS resource set with usage set to ‘codebook’.
-	If a UE is configured with codebookSubset=partialAndNonCoherent and 4 SRS ports within an SRS resource set with usage set to ‘codebook’, the UE is not expected to maintain relative phase between any one out of PUSCH antenna ports{1000, 1002} and any one out of PUSCH antenna port {1001, 1003}.
-	If a UE is configured with codebookSubset=NonCoherent and 4 SRS ports within an SRS resource set with usage set to ‘codebook’, the UE is not expected to maintain relative phase among PUSCH antenna ports {1000, 1001, 1002, 1003}.
-	If a UE is configured with codebookSubset=NonCoherent and 2 SRS ports within an SRS resource set with usage set to ‘codebook’, the UE is not expected to maintain relative phase between PUSCH antenna port 1000 and antenna port 1001.
-	For UL transmission Mode 2:
-	the UE can be configured with one SRS resource or multiple SRS resources with same or different number of SRS ports within an SRS resource set with usage set to ‘codebook’.
-	up to 2 different spatial relations (maxNumberConfiguredSpatialRelations) can be configured for all SRS resources with usage set to ‘codebook’. 
-	a maximum of 4 SRS resources are supported to an SRS resource set with usage set to ‘codebook’



Remaining issues on Mode 2
For Mode 2, the UE can be configured with one SRS resource or multiple SRS resources with same or different numbers of SRS ports within a SRS resource set which usage is set to ‘codebook’. It does not need further codebook extension but needs power capability report per TPMI or TPMI group to support higher power scaling factor(s) compared to Rel-15. 
The remaining issue for mode 2 is how to obtain the TPMI and number of layers for the case with maxRank = 4 but the number of scheduling SRS port is 2. 
To be more specific, a SRS resource set can be configured with multiple SRS resources with different number of SRS ports in mode 2, but the parameter maxRank is configured in PUSCH-Config which is common for all SRS resources. For example, a SRS resource set comprises two SRS resources which are configured with 2 and 4 ports respectively. The parameter maxRank in PUSCH-Config is set to 4. If a PUSCH transmission is scheduled with the SRS resource with 2 ports, there is no proper table to look up for obtaining the precoding information and number of layers as shown below according to 38.212-g00. 
	[bookmark: _Toc19798776][bookmark: _Toc29327758][bookmark: _Toc26467247][bookmark: _Toc29326608]7.3.1.1.2	Format 0_1
...
-	2 or 4 bits according to Table7.3.1.1.2-4 for 2 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; 
-	2 bits according to Table 7.3.1.1.2-4A for 2 antenna ports, if txConfig = codebook, ULFPTxModes=Mode1, transform precoder is disabled, maxRank=2, and codebookSubset=nonCoherent;
-	1 or 3 bits according to Table7.3.1.1.2-5 for 2 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; 
-	2 bits according to Table 7.3.1.1.2-5A for 2 antenna ports, if txConfig = codebook, ULFPTxModes=Mode1, maxRank=1, and according to whether transform precoder is enabled or disabled, and the values of higher layer parameter codebookSubset;
...
Table 7.3.1.1.2-4: Precoding information and number of layers, for 2 antenna ports, if transform precoder is disabled, maxRank = 2, and ULFPTxModes is either not configured or configured to Mode2
	Bit field mapped to index
	codebookSubset = fullyAndPartialAndNonCoherent
	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

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

	3
	1 layer: TPMI=2
	3
	reserved

	4
	1 layer: TPMI=3
	
	

	5
	1 layer: TPMI=4
	
	

	6
	1 layer: TPMI=5
	
	

	7
	2 layers: TPMI=1
	
	

	8
	2 layers: TPMI=2
	
	

	9-15
	reserved
	
	



...
Table 7.3.1.1.2-5: Precoding information and number of layers, for 2 antenna ports, if transform precoder is enabled and ULFPTxModes is either not configured or configured to Mode2, or if transform precoder is disabled, maxRank = 1, and and ULFPTxModes is either not configured or configured to Mode2
	Bit field mapped to index
	codebookSubset = fullyAndPartialAndNonCoherent
	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

	2
	1 layer: TPMI=2
	
	

	3
	1 layer: TPMI=3
	
	

	4
	1 layer: TPMI=4
	
	

	5
	1 layer: TPMI=5
	
	

	6-7
	reserved
	
	





Therefore, we propose to modify the limitation for the maxRank and enable the Table 7.3.1.1.2-4 to cover the case of 2 antenna ports and maxRank>2, rather than only maxRank=2. Consequently, we have the following text proposal.
TP 2: Adopt the following text change in {38.212: 7.3.1.1.2	Format 0_1}
	Table 7.3.1.1.2-4: Precoding information and number of layers, for 2 antenna ports, if transform precoder is disabled, maxRank = 2, 3, or 4, and ULFPTxModes is either not configured or configured to Mode2
	Bit field mapped to index
	codebookSubset = fullyAndPartialAndNonCoherent
	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

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

	3
	1 layer: TPMI=2
	3
	reserved

	4
	1 layer: TPMI=3
	
	

	5
	1 layer: TPMI=4
	
	

	6
	1 layer: TPMI=5
	
	

	7
	2 layers: TPMI=1
	
	

	8
	2 layers: TPMI=2
	
	

	9-15
	reserved
	
	





Conclusions
In this contribution, we analyzed the remaining issues on full power scheme for NR Rel-16 power control and provide proposal as follows.
Proposal 1: For full power Mode1, the following aspects should be specified.
•	A partial-coherent 4Tx UE is not expected to maintain relative phase between any one out of PUSCH antenna ports{1000, 1002} and any one out of PUSCH antenna port {1001, 1003};
•	A non-coherent 4Tx UE is not expected to maintain relative phase among PUSCH antenna ports {1000, 1001, 1002, 1003}.
•	A non-coherent 2Tx UE is not expected to maintain relative phase between PUSCH antenna port 1000 and antenna port 1001.
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