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Introduction
The Rel-18 work item on further MIMO enhancements (WID in RP-213598 [1]) has completed. In this contribution, we discuss the corrections that are needed for SRI/TPMI enhancement for 8 Tx UL operation as in the following objective.
	6. Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.


Discussions
Corrections for Codebook4 (Ng=8) and full power precoder indices
For Codebook4, the TPMI index defined in TS 38.212 is not consistent with how it is defined in TS 38.211, in the sense that TS 38.211 has TPMI indices defined across all layers, but TS 38.212 has the number of layers in addition to TPMI. This may cause some confusion. Below is one example, with the inconsistencies highlighted in yellow. It would be better to be consistent.
In addition, the TPMI indices for full power precoders are not consistent, as highlighted in cyan. TS 38.211 gives dedicated TPMI indices for full power precoders, while TS 38.212 refers the precoders in other tables, and the full power precoder for rank=3 is still missing.

	TS 38.211
Table 6.3.1.5-47: Precoding matrix   for codebook4 and transmission using eight antenna ports. Up to 8 layers are supported with transform precoding disabled and up to one layer with transform precoding enabled.
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where column  of , denoted , has an element 1 on the row corresponding to the port  on which layer  is to be transmitted, and element 0 in all other rows, ,
[bookmark: _Hlk137039828], where  if a layer is to be transmitted on port  and  otherwise, and  for , where  is defined by Table 5.2.2.2.5-4 of [6, TS 38.214].  

TPMI indices  to  are mapped to values of , first by increasing values of the number of transmitted layers, and then by increasing values of  for a given number of layers.
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TS 38.212
Table 7.3.1.1.2-5M: Precoding information and number of layers, for 8 antenna ports, if transform precoder is disabled, maxRank = 2, 3 or 4, CodebookType=Codebook4, and ul-FullPowerTransmission configured to fullpowerMode1
	Bit field mapped to index
	maxRank = 2
	Bit field mapped to index
	maxRank = 3

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

	…
	…
	…
	…

	7
	1 layer: TPMI=7
	7
	1 layer: TPMI=7

	8
	2 layers: TPMI=8
	8
	2 layers: TPMI=8

	…
	…
	…
	…

	35
	2 layers: TPMI=35
	35
	2 layers: TPMI=35

	36
	1 layer: TPMI=0 in Table 6.3.1.5-9 of [4, TS 38.211]
	36
	3 layers: TPMI=36

	37
	2 layers: TPMI=16 in Table 6.3.1.5-30 of [4, TS 38.211]
	…
	…

	38-63
	reserved
	91
	3 layers: TPMI=91

	
	
	92
	1 layer: TPMI=0 in Table 6.3.1.5-9 of [4, TS 38.211]

	
	
	93
	2 layers: TPMI=16 in Table 6.3.1.5-30 of [4, TS 38.211]

	
	
	94
	3 layers: 

	
	
	95-127
	reserved






Proposal 1: Introduce CR to correct:
· The inconsistency between TS 38.211 and 38.212 on the TPMI definitions for Codebook4 (Ng = 8).
· The inconsistency between TS 38.211 and 38.212 on the TPMI indices for full power precoders.

Corrections for full power Mode 1
Here is the excerpt from TS 38.212 on the “Precoding information and number of layers” in DCI format 0_1, related to 8Tx codebooks.

	TS 38.212
DCI format 0_1

-	Precoding information and number of layers – number of bits determined by the following:
-	< unchanged part omitted >
-	7 bits according to Table 7.3.1.1.2-5B for 8 antenna ports, if CodebookType=Codebook1, transform precoder is disabled, maxRank = 8, and according to ULcodebookFC-N1N2;
-	7 bits according to Table 7.3.1.1.2-5C for 8 antenna ports, if CodebookType=Codebook1, transform precoder is disabled, maxRank =7, and according to ULcodebookFC-N1N2;
-	7 bits according to Table 7.3.1.1.2-5D for 8 antenna ports, if CodebookType=Codebook1, transform precoder is disabled, maxRank =4, 5 or 6, and according to maxRank;
-	4, 6 or 7 bits according to Table 7.3.1.1.2-5E for 8 antenna ports, if CodebookType=Codebook1, transform precoder is enabled or maxRank =1, 2 or 3 if transform precoder is disabled, and according to transform precoder and maxRank;
-	8 bits according to Table 7.3.1.1.2-5F for 8 antenna ports, if CodebookType=Codebook4, transform precoder is disabled, maxRank=5, 6, 7 or 8, and according to maxRank;
-	6 or 7 or 8 bits according to Table 7.3.1.1.2-5G for 8 antenna ports, if CodebookType=Codebook4, transform precoder is disabled, maxRank=2, 3 or 4, ul-FullPowerTransmission is not configured or configured to fullpowerMode2 or configured to fullpower, and according to maxRank;
-	3 bits according to Table 7.3.1.1.2-5H for 8 antenna ports, if CodebookType=Codebook4, transform precoder is enabled or maxRank=1 if transform precoder is disabled, ul-FullPowerTransmission is not configured or configured to fullpowerMode2 or configured to fullpower.
-	10 bits according to Table 7.3.1.1.2-5I for 8 antenna ports, if CodebookType=Codebook2, transform precoder is disabled, maxRank=5, 6, 7 or 8, and according to maxRank;
-	5, 9 or 10 bits according to Table 7.3.1.1.2-5J for 8 antenna ports, if CodebookType=Codebook2, transform precoder is enabled or maxRank =1, 2, 3 or 4 if transform precoder is disabled, ul-FullPowerTransmission is not configured or configured to fullpowerMode2 or configured to fullpower, and according to transform precoder and maxRank;
-	10 bits according to Table 7.3.1.1.2-5K for 8 antenna ports, if CodebookType=Codebook3, transform precoder is disabled, maxRank=5, 6, 7 or 8, and according to maxRank;
-	4, 7, 9 or 10 bits according to Table 7.3.1.1.2-5L for 8 antenna ports, if CodebookType=Codebook3, transform precoder is enabled or maxRank =1, 2, 3 or 4 if transform precoder is disabled, ul-FullPowerTransmission is not configured or configured to fullpowerMode2 or configured to fullpower, and according to transform precoder and maxRank;
-	6 or 7 or 8 bits according to Table 7.3.1.1.2-5M for 8 antenna ports, if CodebookType=Codebook4, transform precoder is disabled, maxRank=2 or 3, ul-FullPowerTransmission is configured to fullpowerMode1, and according to maxRank;
-	4 bits according to Table 7.3.1.1.2-5N for 8 antenna ports, if CodebookType=Codebook4, transform precoder is enabled or maxRank=1 if transform precoder is disabled, ul-FullPowerTransmission is configured to fullpowerMode1.
-	6 bits according to Table 7.3.1.1.2-5O for 8 antenna ports, if CodebookType=Codebook2, transform precoder is enabled or maxRank =1 if transform precoder is disabled, ul-FullPowerTransmission is configured to fullpowerMode1;
-	5, 7 or 9 bits according to Table 7.3.1.1.2-5P for 8 antenna ports, if CodebookType=Codebook3, transform precoder is enabled or maxRank =1, 2, or 3 if transform precoder is disabled, ul-FullPowerTransmission is configured to fullpowerMode1, and according to transform precoder and maxRank;



For Codebook2 (Ng=2), the following cases are covered, with each case corresponding to one table:
· maxRank = 5, 6, 7, or 8, regardless of full power mode (Table 7.3.1.1.2-5I)
· maxRank = 1, 2, 3, or 4, for all cases other than full power Mode 1 (Table 7.3.1.1.2-5J)
· maxRank = 1, for full power Mode 1 (Table 7.3.1.1.2-5O)
The same precoder tables are used for full power Mode 1 and other cases when maxRank is 5, 6, 7 or 8, without considering the full power precoder for rank=1. However, this additional full power precoder for rank=1 should be included for full power Mode 1 when maxRank is 5, 6, 7 or 8.
In addition, maxRank = 2, 3 or 4 for full power Mode 1 are not covered.

For Codebook3 (Ng=4), the following cases are covered, with each case corresponding to one table:
· maxRank = 5, 6, 7, or 8, regardless of full power mode
· maxRank = 1, 2, 3, or 4, for all cases other than full power Mode 1
· maxRank = 1, 2, or 3, for full power Mode 1
The same precoder tables are used for full power Mode 1 and other cases when maxRank is 5, 6, 7 or 8, without considering the full power precoder for rank=1/2/3. However, these additional full power precoders for rank=1/2/3 should be included for full power Mode 1 when maxRank is 5, 6, 7 or 8.
In addition, maxRank = 4 for full power Mode 1 is not covered.

For codebook4 (Ng=8), the following cases are covered, with each case corresponding to one table:
· maxRank = 5, 6, 7, or 8, regardless of full power mode
· maxRank = 2, 3, or 4, for all cases other than full power Mode 1
· maxRank = 1, for all cases other than full power Mode 1
· maxRank = 2, 3, or 4, for full power Mode 1
· maxRank = 1, for full power Mode 1
The same precoder tables are used for full power Mode 1 and other cases when maxRank is 5, 6, 7 or 8, without considering the full power precoder for rank=1/2/3. However, these additional full power precoders for rank=1/2/3 should be included for full power Mode 1 when maxRank is 5, 6, 7 or 8.

Proposal 2: Introduce CR for TS 38.212 to correct the following on full power Mode 1 for DCI format 0_1:
· For Codebook2/Codebook3/Codebook4, separate tables should be used for full power Mode 1 and other cases for the “Precoding information and number of layers” for maxRank=5, 6, 7, or 8.
· For Codebook2, modify Table 7.3.1.1.2-5O to also cover maxRank = 2, 3, or 4 for full power Mode 1.
· For Codebook3, modify Table 7.3.1.1.2-5P to also cover maxRank = 4 for full power Mode 1.
· Similar fixes are necessary for DCI format 0_2.

Misc
We had reached the following conclusion in RAN1#114, which means that this will not be supported by the UE.

Conclusion
For an 8TX UE, there is no consensus that CSI only transmission (UL-SCH=”0”) for rank>4 is supported in Rel-18.

Currently this is not captured anywhere in the specs. The consequence of not explicitly capturing it in the specs is that it can be interpreted that it should be supported by default, or at least it is not clear from the specs whether the UE should support them or not. Therefore, we propose:

Proposal 3: Explicitly capture the following in the specs:
· The UE is not expected to receive a DCI format 1_0 with UL-SCH = “0” and rank > 4.

Conclusion
In contribution, we have discussed the remaining issues for SRI/TPMI enhancements for 8 Tx UL, and have the following proposals:
Proposal 1: Introduce CR(s) to correct:
· The inconsistency between TS 38.211 and 38.212 on the TPMI definitions for Codebook4 (Ng = 8).
· The inconsistency between TS 38.211 and 38.212 on the TPMI indices for full power precoders.

Proposal 2: Introduce CR for TS 38.212 to correct the following on full power Mode 1 for DCI format 0_1:
· For Codebook2/Codebook3/Codebook4, separate tables should be used for full power Mode 1 and other cases for the “Precoding information and number of layers” for maxRank=5, 6, 7, or 8.
· For Codebook2, modify Table 7.3.1.1.2-5O to also cover maxRank = 2, 3, or 4 for full power Mode 1.
· For Codebook3, modify Table 7.3.1.1.2-5P to also cover maxRank = 4 for full power Mode 1.
· Similar fixes are necessary for DCI format 0_2.

Proposal 3: Explicitly capture the following in the specs:
· The UE is not expected to receive a DCI format 1_0 with UL-SCH = “0” and rank > 4.

Reference 
[1] RP-213598, New WID: MIMO Evolution for Downlink and Uplink, 3GPP TSG RAN Meeting #94e, Electronic Meeting, Dec. 6 - 17, 2021
