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Introduction
Rel-16 MIMO evolution introduced full power mode 1 to the specifications. However, the compatibility of the maxRank configuration for uplink was not fully achieved when describing the specifications. This contribution explains the issue and suggest a correction.
[bookmark: _Hlk510705081]Discussion
TS38.212 tables 7.3.1.1.2-3A and 7.3.1.1.2-5A in subclause 7.3.1.1.2 define the precoding information and number of layers for fullpowerMode1 as follows:
	Table 7.3.1.1.2-3A: Precoding information and number of layers for 4 antenna ports, 
if transform precoder is enabled and ul-FullPowerTransmission = fullpowerMode1, or 
if transform precoder is disabled, maxRank = 1, and ul-FullPowerTransmission = fullpowerMode1
[...]
Table 7.3.1.1.2-5A: Precoding information and number of layers, for 2 antenna ports, 
if transform precoder is enabled and ul-FullPowerTransmission = fullpowerMode1, or 
if transform precoder is disabled, maxRank = 1, and ul-FullPowerTransmission = fullpowerMode1



That is, if transform precoding is enabled, it doesn’t matter what the maxRank configuration is. This would make sense as regardless of the configured maxRank value the transmission is always rank 1 when transform precoder is enabled.

The corresponding table selection text in subclauses 7.3.1.1.2 and 7.3.1.1.3 for DCI formats 0_1 and 0_2 respectively have the following definitions that condition the selection of tables to maxRank = 1
	7.3.1.1.2	Format 0_1
[...]
-	Precoding information and number of layers – number of bits determined by the following:
[...]
-	3 or 4 bits according to Table 7.3.1.1.2-3A for 4 antenna ports, if txConfig = codebook, ul-FullPowerTransmission = fullpowerMode1, maxRank=1, and according to whether transform precoder is enabled or disabled, and the values of higher layer parameter codebookSubset;
[...]
-	2 bits according to Table 7.3.1.1.2-5A for 2 antenna ports, if txConfig = codebook, ul-FullPowerTransmission = fullpowerMode1, maxRank=1, and according to whether transform precoder is enabled or disabled, and the values of higher layer parameter codebookSubset;
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[...]
-	Precoding information and number of layers – number of bits determined by the following: 
[...]
-	3 or 4 bits according to Table 7.3.1.1.2-3A for 4 antenna ports, if txConfig = codebook, ul-FullPowerTransmission =fullpowerMode1, maxRankDCI-0-2=1, and according to whether transform precoder is enabled or disabled, and the value of higher layer parameter codebookSubsetDCI-0-2;
[...]
-	2 bits according to Table 7.3.1.1.2-5A for 2 antenna ports, if txConfig = codebook, ul-FullPowerTransmission =fullpowerMode1, maxRankDCI-0-2=1, and according to whether transform precoder is enabled or disabled, and the value of higher layer parameter codebookSubsetDCI-0-2.



Observation 1: The table headings for 7.3.1.1.2-3A and -5A are not aligned with the descriptive text for the table selection DCI formats 0_1 and 0_2:
· The table headings 7.3.1.1.2-3A and -5A condition the tables to maxRank=1 only when transform precoding is disabled.
· The DCI format 0_1 conditions the table selection of 7.3.1.1.2-3A and -5A to maxRank=1 regardless of whether transform precoding is enabled or disabled.
· The DCI format 0_2 conditions the table selection of 7.3.1.1.2-3A and -5A to maxRankDCI-0-2=1 regardless of whether transform precoding is enabled or disabled.

pusch-Config has maxRank and ul-FullPowerTransmission configured as common parameters for CG-PUSCH and DG-PUSCH, while enabling/disabling the transform precoding is configured separately for CG-PUSCH and DG-PUSCH.
If the tables 7.3.1.1.2-3A and -5A would be conditioned to maxRank=1 when transform precoding is enabled it would not be possible to configure transform precoding for CG-PUSCH while operating with maxRank > 1 with DG-PUSCH. At the same time, such conditioning would not be meaningful as the transform precoded PUSCH transmissions are always of rank 1, and hence the tables 7.3.1.1.2-3A and -5A could be applied regardless of the configured maxRank value transmitting transform precoded PUSCH.

Observation 2: Conditioning the tables 7.3.1.1.2-3A and -5A to maxRank=1 when transform precoding is enabled is unnecessary and prevents operating CG-PUSCH with transform precoding with DG-PUSCH with UL MIMO



Proposal 1: When the PUSCH to be transmitted in response to a DCI format 0_1 is transform precoded, txConfig = codebook, ul-FullPowerTransmission = fullpowerMode1, the tables 7.3.1.1.2-3A and 7.3.1.1.2-5A apply regardless of the configured value of maxRank.
Proposal 2: When the PUSCH to be transmitted in response to a DCI format 0_2 is transform precoded, txConfig = codebook, ul-FullPowerTransmission = fullpowerMode1, the tables 7.3.1.1.2-3A and 7.3.1.1.2-5A apply regardless of the configured value of maxRank or maxRankDCI-0-2.
Proposal 3: Agree to the TP according to the accompanying draft CR [2] with the relevant parts copied below:
	7.3.1.1.2	Format 0_1
[...]
-	Precoding information and number of layers – number of bits determined by the following:
[...]
-	3 or 4 bits according to Table 7.3.1.1.2-3A for 4 antenna ports, if txConfig = codebook, ul-FullPowerTransmission = fullpowerMode1, maxRank=1, and according to whether transform precoder is enabled, or disabled and maxRank=1, and the values of higher layer parameter codebookSubset;
[...]
-	2 bits according to Table 7.3.1.1.2-5A for 2 antenna ports, if txConfig = codebook, ul-FullPowerTransmission = fullpowerMode1, maxRank=1, and according to whether transform precoder is enabled, or disabled and maxRank=1, and the values of higher layer parameter codebookSubset;



	7.3.1.1.3	Format 0_2
[...]
-	Precoding information and number of layers – number of bits determined by the following: 
[...]
-	3 or 4 bits according to Table 7.3.1.1.2-3A for 4 antenna ports, if txConfig = codebook, ul-FullPowerTransmission =fullpowerMode1, maxRankDCI-0-2=1, and according to whether transform precoder is enabled, or disabled and maxRankDCI-0-2 =1, and the value of higher layer parameter codebookSubsetDCI-0-2;
[...]
-	2 bits according to Table 7.3.1.1.2-5A for 2 antenna ports, if txConfig = codebook, ul-FullPowerTransmission =fullpowerMode1, maxRankDCI-0-2=1, and according to whether transform precoder is enabled, or disabled and maxRankDCI-0-2 =1, and the value of higher layer parameter codebookSubsetDCI-0-2.



	Table 7.3.1.1.2-3A: Precoding information and number of layers for 4 antenna ports, if transform precoder is enabled and ul-FullPowerTransmission = fullpowerMode1, or if transform precoder is disabled, maxRank/maxRankDCI-0-2 = 1, and ul-FullPowerTransmission = fullpowerMode1
	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
	1 layer: TPMI=13
	4
	1 layer: TPMI=13

	5
	1 layer: TPMI=4
	5-7
	Reserved

	…
	…
	
	

	13
		1 layer: TPMI=12
	
	

	14
	1 layer: TPMI=14
	
	

	15
	1 layer: TPMI=15
	
	






	Table 7.3.1.1.2-5A: Precoding information and number of layers, for 2 antenna ports, if transform precoder is enabled and ul-FullPowerTransmission = fullpowerMode1, or if transform precoder is disabled, maxRank/maxRankDCI-0-2 = 1, and ul-FullPowerTransmission = fullpowerMode1
	Bit field mapped to index
	codebookSubset= nonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	Reserved







Conclusion
In this contribution, the following observations and proposals are made with regard to the joint configuration of maxRank, fullpowerMode1 and with transform precoder ‘enabled’:
Observation 1: The table headings for 7.3.1.1.2-3A and -5A are not aligned with the descriptive text for the table selection DCI formats 0_1 and 0_2:
· The table headings 7.3.1.1.2-3A and -5A condition the tables to maxRank=1 only when transform precoding is disabled.
· The DCI format 0_1 conditions the table selection of 7.3.1.1.2-3A and -5A to maxRank=1 regardless of whether transform precoding is enabled or disabled.
· The DCI format 0_2 conditions the table selection of 7.3.1.1.2-3A and -5A to maxRankDCI-0-2=1 regardless of whether transform precoding is enabled or disabled.

Observation 2: Conditioning the tables 7.3.1.1.2-3A and -5A to maxRank=1 when transform precoding is enabled is unnecessary and prevents operating CG-PUSCH with transform precoding with DG-PUSCH with UL MIMO


Proposal 1: When the PUSCH to be transmitted in response to a DCI format 0_1 is transform precoded, txConfig = codebook, ul-FullPowerTransmission = fullpowerMode1, the tables 7.3.1.1.2-3A and 7.3.1.1.2-5A apply regardless of the configured value of maxRank.
Proposal 2: When the PUSCH to be transmitted in response to a DCI format 0_2 is transform precoded, txConfig = codebook, ul-FullPowerTransmission = fullpowerMode1, the tables 7.3.1.1.2-3A and 7.3.1.1.2-5A apply regardless of the configured value of maxRank or maxRankDCI-0-2.
Proposal 3: Agree to the TP according to the accompanying draft CR [2]
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Annex A: Definitions in TS38.212 V16.13.0
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…
-	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, ul-FullPowerTransmission is not configured or configured to fullpowerMode2 or configured to fullpower, transform precoder is disabled, and according to the values of higher layer parameters maxRank, and codebookSubset; 
-	4 or 5 bits according to Table 7.3.1.1.2-2A for 4 antenna ports, if txConfig = codebook, ul-FullPowerTransmission = fullpowerMode1, maxRank=2, transform precoder is disabled, and according to the values of higher layer parameter codebookSubset;
-	4 or 6 bits according to Table 7.3.1.1.2-2B for 4 antenna ports, if txConfig = codebook, ul-FullPowerTransmission = fullpowerMode1, maxRank=3 or 4, transform precoder is disabled, and according to the values of higher layer parameter codebookSubset;
-	2, 4, or 5 bits according to Table 7.3.1.1.2-3 for 4 antenna ports, if txConfig = codebook, ul-FullPowerTransmission is not configured or configured to fullpowerMode2 or configured to fullpower, and according to whether transform precoder is enabled or disabled, and the values of higher layer parameters maxRank, and codebookSubset; 
-	3 or 4 bits according to Table 7.3.1.1.2-3A for 4 antenna ports, if txConfig = codebook, ul-FullPowerTransmission = fullpowerMode1, maxRank=1, and according to whether transform precoder is enabled or disabled, and the values of higher layer parameter codebookSubset;
-	2 or 4 bits according to Table7.3.1.1.2-4 for 2 antenna ports, if txConfig = codebook, ul-FullPowerTransmission is not configured or configured to fullpowerMode2 or configured to fullpower, transform precoder is disabled, and according to 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, ul-FullPowerTransmission = fullpowerMode1, 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, ul-FullPowerTransmission is not configured or configured to fullpowerMode2 or configured to fullpower, 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, ul-FullPowerTransmission = fullpowerMode1, maxRank=1, and according to whether transform precoder is enabled or disabled, and the values of higher layer parameter codebookSubset;



	7.3.1.1.3	Format 0_2
…
-	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, ul-FullPowerTransmission is not configured or configured to fullpowerMode2 or configured to fullpower, transform precoder is disabled, and according to the values of higher layer parameters maxRankDCI-0-2, and codebookSubsetDCI-0-2;
-	4 or 5 bits according to Table 7.3.1.1.2-2A for 4 antenna ports, if txConfig = codebook, ul-FullPowerTransmission =fullpowerMode1, the values of higher layer parameters maxRankDCI-0-2=2, transform precoder is disabled, and according to the value of higher layer parameter codebookSubsetDCI-0-2;
-	4 or 6 bits according to Table 7.3.1.1.2-2B for 4 antenna ports, if txConfig = codebook, ul-FullPowerTransmission =fullpowerMode1, the values of higher layer parameters maxRankDCI-0-2=3 or 4, transform precoder is disabled, and according to the value of higher layer parameter codebookSubsetDCI-0-2;
-	2, 4, or 5 bits according to Table 7.3.1.1.2-3 for 4 antenna ports, if txConfig = codebook, ul-FullPowerTransmission is not configured or configured to fullpowerMode2 or configured to fullpower, and according to whether transform precoder is enabled or disabled, and the values of higher layer parameters maxRankDCI-0-2 and codebookSubsetDCI-0-2;
-	3 or 4 bits according to Table 7.3.1.1.2-3A for 4 antenna ports, if txConfig = codebook, ul-FullPowerTransmission =fullpowerMode1, maxRankDCI-0-2=1, and according to whether transform precoder is enabled or disabled, and the value of higher layer parameter codebookSubsetDCI-0-2;
-	2 or 4 bits according to Table7.3.1.1.2-4 for 2 antenna ports, if txConfig = codebook, ul-FullPowerTransmission is not configured or configured to fullpowerMode2 or configured to fullpower, transform precoder is disabled, and according to the values of higher layer parameters maxRankDCI-0-2 and codebookSubsetDCI-0-2;
-	2 bits according to Table 7.3.1.1.2-4A for 2 antenna ports, if txConfig = codebook, ul-FullPowerTransmission =fullpowerMode1, transform precoder is disabled, the maxRankDCI-0-2=2, and codebookSubsetDCI-0-2=nonCoherent;
-	1 or 3 bits according to Table7.3.1.1.2-5 for 2 antenna ports, if txConfig = codebook, ul-FullPowerTransmission is not configured or configured to fullpowerMode2 or configured to fullpower, and according to whether transform precoder is enabled or disabled, and the values of higher layer parameters maxRankDCI-0-2 and codebookSubsetDCI-0-2;
-	2 bits according to Table 7.3.1.1.2-5A for 2 antenna ports, if txConfig = codebook, ul-FullPowerTransmission =fullpowerMode1, maxRankDCI-0-2=1, and according to whether transform precoder is enabled or disabled, and the value of higher layer parameter codebookSubsetDCI-0-2.



	Table 7.3.1.1.2-3A: Precoding information and number of layers for 4 antenna ports, if transform precoder is enabled and ul-FullPowerTransmission = fullpowerMode1, or if transform precoder is disabled, maxRank = 1, and ul-FullPowerTransmission = fullpowerMode1
	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
	1 layer: TPMI=13
	4
	1 layer: TPMI=13

	5
	1 layer: TPMI=4
	5-7
	Reserved

	…
	…
	
	

	13
		1 layer: TPMI=12
	
	

	14
	1 layer: TPMI=14
	
	

	15
	1 layer: TPMI=15
	
	






	Table 7.3.1.1.2-5A: Precoding information and number of layers, for 2 antenna ports, if transform precoder is enabled and ul-FullPowerTransmission = fullpowerMode1, or if transform precoder is disabled, maxRank = 1, and ul-FullPowerTransmission = fullpowerMode1
	Bit field mapped to index
	codebookSubset= nonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	Reserved







