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1. [bookmark: _Ref521334010]Introduction
In RAN #102 meeting, specifying enhancement for 3-antenna-port codebook-based transmissions was agreed and the following objective was approved in the WID for Rel-19 NR MIMO [1]:
	Specify non-coherent UL codebook to facilitate 3-antenna-port codebook-based transmissions, without enhancement on UL full power transmission and without enhancement on SRS resource
· Note: UL full power transmission mode 1 and 2 are not supported.


In RAN1 #116bis meeting, TPMI indication, schemes for SRS enhancements, PTRS-DMRS association and full power splitting schemes for 3Tx transmission were discussed [2]. Most high-priority issues are completed for 3Tx. However, there are some other issues for further discussion/clarification. In this contribution, views and designs on TPMI table design, partial-coherent codebook, non-codebook transmission and antenna switching for 3Tx are provided.
2. Discussion
[bookmark: _Ref158284221]TPMI table for 3Tx
In RAN1 #116bis meeting, following TPMI indication scheme was agreed for 3Tx [2]:
	Agreement
To indicate precoding information for codebook-based UL transmission by a 3TX UE, 
· Reuse legacy TPMI indication framework where TPMI and TRI are jointly indicated 
· TPMI field is 2 or 3bits for 3-antenna-port transmission
· For maxRank equals to 1, TPMI field is 2 bits for DFT-s-OFDM and CP-OFDM
· For maxRank equals to 2 or 3, TPMI field is 3 bits for CP-OFDM



Detailed designs regarding the TPMI table for 3Tx should be specified. Following two TPMI tables can be used to illustrate the agreed TPMI scheme:
	Bit field mapped to index
	codebookSubset= nonCoherent, ,maxRank = 1

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	2 layers: TPMI=0




	Bit field mapped to index
	codebookSubset= nonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	2 layers: TPMI=0

	4
	2 layers: TPMI=1

	5
	2 layers: TPMI=2

	6
	3 layers: TPMI=0

	7
	Reserved



Proposal 1: To facilitate the TPMI indication scheme for non-coherent precoders for 3Tx, one TPMI table is introduced for DFT-s-OFDM and CP-OFDM with maxRank = 1 and one TPMI table is introduced for CP-OFDM with maxRank = 2 or 3:

	Bit field mapped to index
	codebookSubset = nonCoherent, maxRank = 1

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	Reserved




	Bit field mapped to index
	codebookSubset= nonCoherent, maxRank = 2 or 3

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	2 layers: TPMI=0

	4
	2 layers: TPMI=1

	5
	2 layers: TPMI=2

	6
	3 layers: TPMI=0

	7
	Reserved



Partial-coherent codebook for 3Tx
[bookmark: _Hlk127542738]For partial-coherent precoders for 3Tx, a straightforward coherent grouping can be {0, 2} and {1}, respectively. The design for partial-coherent codebook should also include the non-coherent codebooks, in this case, besides the agreed non-coherent codebooks for 3Tx, following precoders can be introduced for 3Tx for rank = 1, 2 and 3, respectively:
· Rank-1: ,, , ;
· Rank-2: , ,  ,  ;
· Rank-3: , .
Proposal 2: For partial-coherent codebook for UL 3Tx, all the precoders in non-coherent codebook for UL 3Tx are included.
Proposal 3: Adopt the following precoders for partial-coherent codebook for UL 3Tx:
· Rank-1: ,, , ;
· Rank-2: , ,  ,  ;
· Rank-3: , .
Non-codebook UL 3Tx transmission
For non-codebook UL 3Tx transmission, maximum 3 one-port SRS resources can be configured in an SRS resource set. For SRI indication, the legacy scheme can be reused, i.e., SRI can indicate up to 3 SRS resources.
Proposal 4: Non-codebook based UL 3Tx is supported, with up to 3 one-port SRS resources configured in an SRS resource set and the legacy SRI indication scheme reused.
SRS Antenna switching for 3Tx
Another appending issue is the support on antenna switching for 3Tx. It may have potential benefits to enhance 3 Tx and y Rx cases for 3Tx. The first case is 3T6R. On SRS configuration for 3T6R, the legacy SRS configuration for 1T2R can be reused by replacing the two 1-port SRS resources with two 4-port SRS resources each with one port muted.
Another case is 3T4R. Although it may have higher spec impact, there are substantial UEs that support 4Rx in practical, thus, this case should also be enhanced. On SRS configuration for 3T4R, the legacy SRS configuration for 1T2R can be reused by replacing one 1-port SRS resource with a 4-port SRS resource with one port muted.
[bookmark: _GoBack]Proposal 5: Support 3T6R and 3T4R for SRS antenna switching for 3Tx. 
Proposal 6: On SRS configuration for 3T6R, the legacy SRS configuration schemes for 1T2R are reused by replacing the two 1-port SRS resources with two 4-port SRS resources each with one port muted.
Proposal 7: On SRS configuration for 3T4R, the legacy SRS configuration schemes for 1T2R are reused by replacing one 1-port SRS resource with a 4-port SRS resource with one port muted.
3. Conclusions
In this contribution, we provided our views on TPMI table design, partial-coherent codebook, non-codebook transmission and antenna switching for 3Tx enhancements. A summary for the proposals in this contribution is provided as follows:
Proposal 1: To facilitate the TPMI indication scheme for non-coherent precoders for 3Tx, one TPMI table is introduced for DFT-s-OFDM and CP-OFDM with maxRank = 1 and one TPMI table is introduced for CP-OFDM with maxRank = 2 or 3:

	Bit field mapped to index
	codebookSubset = nonCoherent, maxRank = 1

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	Reserved



	Bit field mapped to index
	codebookSubset= nonCoherent, maxRank = 2 or 3

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	2 layers: TPMI=0

	4
	2 layers: TPMI=1

	5
	2 layers: TPMI=2

	6
	3 layers: TPMI=0

	7
	Reserved



Proposal 2: For partial-coherent codebook for UL 3Tx, all the precoders in non-coherent codebook for UL 3Tx are included.
Proposal 3: Adopt the following partial coherent precoders for UL 3Tx:
· Rank-1: ,, , ;
· Rank-2: , ,  ,  ;
· Rank-3: , .
Proposal 4: Non-codebook based UL 3Tx is supported, with up to 3 one-port SRS resources configured in an SRS resource set and the legacy SRI indication scheme reused.
Proposal 5: Support 3T6R and 3T4R for SRS antenna switching for 3Tx. 
Proposal 6: On SRS configuration for 3T6R, the legacy SRS configuration schemes for 1T2R are reused by replacing the two 1-port SRS resources with two 4-port SRS resources each with one port muted.
Proposal 7: On SRS configuration for 3T4R, the legacy SRS configuration schemes for 1T2R are reused by replacing one 1-port SRS resource with a 4-port SRS resource with one port muted.
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