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1. Introduction
In RAN#102 meeting, a new WID [1] “NR MIMO Phase 5” was approved. One of the objectives is as follows.
	4. 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 this contribution, we discuss enhancements on 3-antenna-port transmission.
2. Discussion on 3-antenna-port PUSCH transmission 
2.1 TPMI indication 
Following agreements were made in RAN1#116 meeting and new precoders are supported for 3Tx.
	Agreement
For non-coherent uplink precoding by a 3TX UE, at least following precoders are supported for single-layer transmission.

Agreement
For non-coherent uplink precoding by a 3TX UE, at least following precoders are supported for two-layer transmission.
, ,  
Agreement
For non-coherent uplink precoding by a 3TX UE, at least following precoders are supported for three-layer transmission.



With the newly introduced precoding matrices, new tables for “Precoding information and number of layers” indication need to be introduced. When maxRank=1, single layer precoding matrix can be indicated, and 2-bit is needed for “Precoding information and number of layers” indication. When maxRank=2, single layer or two-layer precoding matrix can be indicated, and 3-bit is needed. When maxRank=3, single or two or three-layer precoding matrix can be indicated, and 3-bit is needed. Separate tables for “Precoding information and number of layers” indication can be introduced for maxRank=1, maxRank=2, and maxRank=3, respectively.
Table I: Precoding information and number of layers for 3 antenna ports if maxRank=1
	Bit field
	codebookSubset=NonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	Reserved 



Table II: Precoding information and number of layers for 3 antenna ports if maxRank=2
	Bit field
	codebookSubset=NonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	2 layer: TPMI=0

	4
	2 layer: TPMI=1

	5
	2 layer: TPMI=2

	6
	Reserved 

	7
	Reserved



Table III: Precoding information and number of layers for 3 antenna ports if maxRank=3
	Bit field
	codebookSubset=NonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	2 layer: TPMI=0

	4
	2 layer: TPMI=1

	5
	2 layer: TPMI=2

	6
	3 layer: TPMI=0

	7
	Reserved



Proposal 1:  
· Introduce new tables as Table I, II, III for “Precoding information and number of layers” indication for 3 antenna ports, for maxRank=1 or 2 or 3, respectively.
· Table I: Precoding information and number of layers for 3 antenna ports if maxRank=1
	Bit field
	codebookSubset=NonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	Reserved 


· Table II: Precoding information and number of layers for 3 antenna ports if maxRank=2
	Bit field
	codebookSubset=NonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	2 layer: TPMI=0

	4
	2 layer: TPMI=1

	5
	2 layer: TPMI=2

	6
	Reserved 

	7
	Reserved


· Table III: Precoding information and number of layers for 3 antenna ports if maxRank=6
	Bit field
	codebookSubset=NonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	2 layer: TPMI=0

	4
	2 layer: TPMI=1

	5
	2 layer: TPMI=2

	6
	3 layer: TPMI=0

	7
	Reserved


Proposal 2:  
· “Precoding information and number of layers” field for 3 antenna ports is
· 2-bit when maxRank=1 
· 3-bit when maxRank=2 or maxRank=3
2.2 SRS configuration
	Agreement
For SRS configuration supporting codebook-based UL transmission by a 3TX UE, down-select one of
· Alt1 – Support configuration of X 4-port SRS resources in a resource set where one the ports is muted
· Alt2 – Support configuration of X SRS resources with equal/unequal number of ports (e.g. 2 + 1 or 1 + 1 + 1) in a resource set,
The value for X is FFS, and it will be determined according to the selected alternative.



For 3Tx codebook based PUSCH transmission, 3-port codebook SRS is needed. It was agreed to down select one of following options for SRS configuration.
· Alt1 – Support configuration of X 4-port SRS resources in a resource set where one of the ports is muted
· Alt2 – Support configuration of X SRS resources with equal/unequal number of ports (e.g. 2 + 1 or 1 + 1 + 1) in a resource set
With alt1, the spec. impact can be minimum. An issue needs to be considered for Alt1 is the power split. For SRS power control, with existing spec., for 4-port SRS, transmission power is split equally across four ports. In 3Tx, since UE only transmits three ports, the transmission power can be split across three ports. For PUSCH power control, UE scales the transmit power 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. In 3Tx, it needs to be clarified that the maximum number of SRS ports is assumed as 3 in power scaling of PUSCH.
With alt2, more issues need to be studied. One of the issues is whether the multiple SRS resources can be transmitted in overlapping REs or FDM or TDM. Furthermore, as mentioned above, transmission power is equally split across ports of an SRS resource. If multiple SRS resources are used, equal power across all ports of the multiple SRS resources may be needed for network to perform measurement and decide precoding matrix. How to achieve it needs to be discussed.  
For minimum spec. impact, alt1 is preferred. Regarding the value of X, same as legacy SRS configuration, two SRS resources in an SRS resource set can be configured. 
Proposal 3:
· Support alt1 for SRS configuration for 3 antenna ports with X=2.
· Alt1 – Support configuration of X 4-port SRS resources in a resource set where one of the ports is muted. 

2.3 PTRS-DMRS association 
When one PTRS port is configured, legacy PTRS-DMRS association can be reused for 3Tx. When two PTRS ports are configured, following options can be studied.

· Option1: Reuse legacy PTRS-DMRS association, i.e., 2-bit.
	Value of MSB
	DMRS port for PTRS 0
	Value of LSB
	DMRS port for PTRS 1

	0
	1st DMRS port associated with PUSCH port 1000/1002
	0
	DMRS port associated with PUSCH port 1001.

	1
	2nd DMRS port associated with PUSCH port 1000/1002
	1
	Reserved or ignored.



· Option2: PTRS-DMRS association is 1-bit indicating DMRS port for PTRS port 0. PTRS port 1 is associated with DMRS port associated with PUSCH port 1001.
	Value of MSB
	DMRS port for PTRS 0

	0
	1st DMRS port associated with PUSCH port 1000/1002

	1
	2nd DMRS port associated with PUSCH port 1000/1002



· Option3: PTRS-DMRS association is 2-bit indicating DMRS port for PTRS port 0 and PTRS port 1 with following new table.
	Value 
	DMRS port for PTRS 0 and PTRS 1

	0
	1st and 2nd scheduled DMRS port

	1
	1st and 3rd scheduled DMRS port

	2
	2nd and 3rd scheduled DMRS port

	3
	Reserved 



In the above options, option 2 has benefit of less overhead. Option3 is more flexible that the two strongest layers can be indicated and associated with two PTRS ports. For flexibility, option3 is preferred.
Proposal 4:
· When two PTRS ports are configured, support 2-bit PTRS-DMRS association with following new table.
	Value 
	DMRS port for PTRS 0 and PTRS 1

	0
	1st and 2nd scheduled DMRS port

	1
	1st and 3rd scheduled DMRS port

	2
	2nd and 3rd scheduled DMRS port

	3
	Reserved 



2.4 M-TRP 
In Rel-17, M-TRP PUSCH repetition was supported to improve reliability. M-TRP PUSCH repetition is also benefit for 3Tx and should be supported. Rel-17 M-TRP PUSCH repetition can be extended to 3Tx with little additional spec. impact, i.e., new tables for 3 antenna ports for “Second precoding information” indication. The “Second precoding information” field for 3Tx for Rel-17 M-TRP PUSCH repetition is 2 bits when maxRank=1 or 2 or 3.
Table IV: Second precoding information for 3 antenna ports if maxRank=1
	Bit field
	codebookSubset=NonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	Reserved 


Table V: Second precoding information for 3 antenna ports if maxRank=2
	Bit field
	codebookSubset=NonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	1 layer: Reserved 

	0
	2 layer: TPMI=0

	1
	2 layer: TPMI=1

	2
	2 layer: TPMI=2

	3
	2 layer: Reserved


Table VI: Second precoding information for 3 antenna ports if maxRank=3
	Bit field
	codebookSubset=NonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	1 layer: Reserved 

	0
	2 layer: TPMI=0

	1
	2 layer: TPMI=1

	2
	2 layer: TPMI=2

	3
	2 layer: Reserved

	0
	3 layer: TPMI=0

	1~3
	3 layer: reserved



Proposal 5:
· Support Rel-17 M-TRP PUSCH repetition for 3Tx. Two SRS resource sets are configured.
Proposal 6: 
· Introduce new tables as Table IV, V, VI for “Second precoding information” indication for 3 antenna ports for Rel-17 M-TRP PUSCH repetition, for maxRank=1 or 2 or 3, respectively.
· Table IV: Second precoding information for 3 antenna ports if maxRank=1
	Bit field
	codebookSubset=NonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	Reserved 


· Table V: Second precoding information for 3 antenna ports if maxRank=2
	Bit field
	codebookSubset=NonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	1 layer: Reserved 

	0
	2 layer: TPMI=0

	1
	2 layer: TPMI=1

	2
	2 layer: TPMI=2

	3
	2 layer: Reserved


· Table VI: Second precoding information for 3 antenna ports if maxRank=3
	Bit field
	codebookSubset=NonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	1 layer: Reserved 

	0
	2 layer: TPMI=0

	1
	2 layer: TPMI=1

	2
	2 layer: TPMI=2

	3
	2 layer: Reserved

	0
	3 layer: TPMI=0

	1~3
	3 layer: reserved


Proposal 7:  
· “Second precoding information” field for 3 antenna ports for Rel-17 M-TRP PUSCH repetition is 2 bits for maxRank=1 or 2 or 3.

3. Conclusion
In this contribution, we discussed enhancements on 3-antenna-port UL transmission. Based on the discussion, we made following proposals.
Proposal 1:  
· Introduce new tables as Table I, II, III for “Precoding information and number of layers” indication for 3 antenna ports, for maxRank=1 or 2 or 3, respectively.
· Table I: Precoding information and number of layers for 3 antenna ports if maxRank=1
	Bit field
	codebookSubset=NonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	Reserved 


· Table II: Precoding information and number of layers for 3 antenna ports if maxRank=2
	Bit field
	codebookSubset=NonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	2 layer: TPMI=0

	4
	2 layer: TPMI=1

	5
	2 layer: TPMI=2

	6
	Reserved 

	7
	Reserved


· Table III: Precoding information and number of layers for 3 antenna ports if maxRank=6
	Bit field
	codebookSubset=NonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	2 layer: TPMI=0

	4
	2 layer: TPMI=1

	5
	2 layer: TPMI=2

	6
	3 layer: TPMI=0

	7
	Reserved


Proposal 2:  
· “Precoding information and number of layers” field for 3 antenna ports is
· 2-bit when maxRank=1 
· 3-bit when maxRank=2 or maxRank=3
Proposal 3:
· Support alt1 for SRS configuration for 3 antenna ports with X=2.
· Alt1 – Support configuration of X 4-port SRS resources in a resource set where one of the ports is muted. 
Proposal 4:
· When two PTRS ports are configured, support 2-bit PTRS-DMRS association with following new table.
	Value 
	DMRS port for PTRS 0 and PTRS 1

	0
	1st and 2nd scheduled DMRS port

	1
	1st and 3rd scheduled DMRS port

	2
	2nd and 3rd scheduled DMRS port

	3
	Reserved 


Proposal 5:
· Support Rel-17 M-TRP PUSCH repetition for 3Tx. Two SRS resource sets are configured.
Proposal 6: 
· Introduce new tables as Table IV, V, VI for “Second precoding information” indication for 3 antenna ports for Rel-17 M-TRP PUSCH repetition, for maxRank=1 or 2 or 3, respectively.
Table IV: Second precoding information for 3 antenna ports if maxRank=1
	Bit field
	codebookSubset=NonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	Reserved 


Table V: Second precoding information for 3 antenna ports if maxRank=2
	Bit field
	codebookSubset=NonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	1 layer: Reserved 

	0
	2 layer: TPMI=0

	1
	2 layer: TPMI=1

	2
	2 layer: TPMI=2

	3
	2 layer: Reserved


Table VI: Second precoding information for 3 antenna ports if maxRank=3
	Bit field
	codebookSubset=NonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	1 layer: Reserved 

	0
	2 layer: TPMI=0

	1
	2 layer: TPMI=1

	2
	2 layer: TPMI=2

	3
	2 layer: Reserved

	0
	3 layer: TPMI=0

	1~3
	3 layer: reserved


Proposal 7:  
· “Second precoding information” field for 3 antenna ports for Rel-17 M-TRP PUSCH repetition is 2 bits for maxRank=1 or 2 or 3.
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