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[bookmark: OLE_LINK3]Introduction
In RAN#102 meeting, Rel-19 WID of support for 3-antenna-port codebook-based transmission is approved. The detail is given as follows [1].
	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 RAN1#116bis meeting, most of the enhancements on non-coherent codebook-based transmission were agreed [2], and more potential functionalities are listed in an offline discussion [3].
In this contribution, we provide our views on further potential enhancements of 3-antenna-port transmission, including non-codebook-based transmission, antenna switching for 3Tx UE and partial-coherent codebook-based transmission. 
[bookmark: OLE_LINK6]Enhancement on non-codebook-based 3Tx UL transmission
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]The primary issues of introducing non-codebook-based 3Tx UL transmission involve SRS configuration and SRI indication. Firstly, up to 3 SRS resources should be supported in one SRS resource set. Secondly, the corresponding SRI indication should be specified, building on legacy indication for 4Tx, where 2 or 3 SRS resources configured in one SRS resource set. The related SRI indications are presented in the following tables: Table 1, Table 2 and Table 3.
For Lmax = 1, 

[bookmark: OLE_LINK1]Table 1: SRI indication for non-codebook-based 3Tx PUSCH transmission, 
	Bit field mapped to index
	
SRI(s), 
	Bit field mapped to index
	
SRI(s), 

	0
	0
	0
	0

	1
	1
	1
	1

	
	
	2
	2

	
	
	3
	reserved


For Lmax = 2,

Table 2: SRI indication for non-codebook-based 3Tx PUSCH transmission, 
	Bit field mapped to index
	
SRI(s), 
	Bit field mapped to index
	
SRI(s), 

	0
	0
	0
	0

	1
	1
	1
	1

	2
	0,1
	2
	2

	3
	reserved
	3
	0,1

	
	
	4
	0,2

	
	
	5
	1,2

	
	
	6-7
	reserved


 For Lmax = 3,

Table 3: SRI indication for non-codebook-based 3Tx PUSCH transmission, 
	Bit field mapped to index
	
SRI(s), 
	Bit field mapped to index
	
SRI(s), 

	0
	0
	0
	0

	1
	1
	1
	1

	2
	0,1
	2
	2

	3
	reserved
	3
	0,1

	
	
	4
	0,2

	
	
	5
	1,2

	
	
	6
	0,1,2

	
	
	7
	reserved


Proposal 1: Regarding 3Tx UL transmission, support non-codebook-based transmission.
· Supporting up to 3 SRS resources in one SRS resource set, and reusing legacy SRI indication mechanism.
Antenna switching for 3Tx UE
In TDD mode, antenna switching is an important feature to achieve DL CSI acquisition. For a 3Tx UE, new antenna switching capabilities, such as ‘3TyR’, can be further introduced.
Two types of ‘3TyR’ capabilities are generally considered, namely:
· Intuitionistic configuration:
· New ‘3T3R’, 3 SRS ports can be transmitted in one OFDM symbol;
· New ‘3T6R’, 3 SRS ports can be transmitted in one OFDM symbol and a total number of 6 SRS ports can be transmitted in two different OFDM symbols;
· Circuitous configuration: 
· New ‘3T4R’, '3+1' SRS ports can be transmitted in two respective symbols, where 3 SRS ports are transmitted in one symbol and additional 1 SRS port is transmitted in another symbol;
· New ‘3T8R’, '3+3+2' SRS ports can be transmitted in three respective symbols, where two groups of 3 SRS ports are transmitted in two symbols and additional 2 SRS ports are transmitted in a different symbol.
Furthermore, compared with degraded antenna switching capability ‘2TyR’, the number of occupied OFDM symbols should be taken into consideration:
· y = 3: For ‘3T3R’, 1 OFDM symbol is used for antenna switching. However, for ‘2T3R’, 2 OFDM symbols are used for antenna switching. Compared with ‘2T3R’, the antenna switching for ‘3T3R’ can be achieved by saving one OFDM symbol;
· y = 4: For ‘3T4R’, antenna switching cannot be achieved with fewer OFDM symbols compared to ‘2T4R’, and the benefits are not very clear. 
· y =6: For ‘3T6R’, 2 OFDM symbols are used for antenna switching, However, for ‘2T6R’, 3 OFDM symbols are used for antenna switching. Compared with ‘2T6R’, the antenna switching for ‘3T6R’ can be achieved by saving one OFDM symbol.
· y = 8: For ‘3T8R’, 3 OFDM symbols are used for antenna switching, However, for ‘2T8R’, 4 OFDM symbols are used for antenna switching. Compared with ‘2T8R’, the antenna switching for ‘3T8R’ can be achieved by saving one OFDM symbol;
In summary, ‘3T3R’, ‘3T6R’, and ‘3T8R’ can fully utilize the UL transmission capability of 3Tx UE, and reduce the number of required SRS symbols in antenna switching. Per RAN4’s LS on requesting RAN1 to consider introducing ‘3T6R’ and ‘4T6R’ [4], at least ‘3T6R’ should be supported.
In RAN1#116bis meeting, the following two agreements were reached on 3-port SRS transmission:
	Agreement (RAN1#116-bis)
For SRS configuration supporting codebook-based UL transmission by a 3TX UE, support Alt1, 
· Alt1: Support configuration of X 4-port SRS resources in a resource set where one the ports is muted
· FFS muting mechanism
where X can be up to 2, subject to UE capability.
Agreement (RAN1#116-bis)
For a 3TX UE, to support 3-port SRS transmission with reusing a 4-port SRS resource, support the following for muting one of the ports of the configured 4-port SRS resource,
· Option 3: Always a same port is muted, e.g., the 4th port


According to the agreement, for ‘3T6R’ antenna switching, two 4-port SRS resources can be configured, and the 4th SRS port in each resource is always muted.
Proposal 2: Regarding antenna switching for 3Tx UE, at least support ‘3T6R’,
· In such case, two 4-port SRS resources are configured, and the 4th SRS port is always muted in each SRS resource.
· FFS: whether ‘3T3R’ and ‘3T8R’ can be additionally supported.
Enhancement on partially-coherent codebook-based 3Tx UL transmission
Clearly, partially-coherent codebook-based UL transmission is precluded in the Rel-19 WID, although the deployment of partially-coherent 3Tx is also possible in the future. However, compared to the above two topics, partially-coherent codebook-based transmission may require more specification efforts. It may include the aspects of partially-coherent codebook design, TPMI indication, power control, and even the SRS configuration with modes ‘2+1’ or ‘1+1+1’. So, if partially-coherent codebook-based UL transmission is considered, the scope may become uncontrollable. In generally, the discussion of partially-coherent codebook-based UL transmission should be deprioritized.
Proposal 3: Regarding 3Tx UL transmission, RAN1 discussion on partially-coherent transmission should be postponed till further enhancements on non-codebook and 3TyR antenna switching are completed.
Conclusion
In this contribution, we provide our views on the 3Tx UL transmission, and we have the following proposals. 
Proposal 1: Regarding 3Tx UL transmission, support non-codebook-based transmission.
· Supporting up to 3 SRS resources in one SRS resource set, and reusing legacy SRI indication mechanism.
Proposal 2: Regarding antenna switching for 3Tx UE, at least support ‘3T6R’,
· In such case, two 4-port SRS resources are configured, and the 4th SRS port is always muted in each SRS resource.
· FFS: whether ‘3T3R’ and ‘3T8R’ can be additionally supported.
[bookmark: _GoBack]Proposal 3: Regarding 3Tx UL transmission, RAN1 discussion on partially-coherent transmission should be postponed till further enhancements on non-codebook and 3TyR antenna switching are completed.
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