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1. Introduction
A new work item on MIMO evaluation for 3-antenna-port codebook-based transmissions was approved in RAN#102 meeting. Support for 3-antenna-port codebook-based transmissions enhancement is included in the WID [1]. During RAN1 #116-bis meeting [2], the following agreements were made for 3-antenna-port codebook-based transmissions.
	Agreement
To support codebook-based UL transmission by a 3TX UE, the agreed rank1 precoders in RAN1#116 can also be used when transform precoding is enabled (DFT-s-OFDM). 

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

Agreement
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
· For codebook-based UL transmission by a 3TX UE, when 2 PTRS ports are configured by maxNrofPorts in PTRS-UplinkConfig, PTRS-DMRS association indication is as follows: 
	Value of MSB 
	DMRS port 
	Value of LSB 
	DMRS port 

	0 
	1st DMRS port which shares PTRS port 0 
	0 
	1st DMRS port which shares PTRS port 1 

	1 
	2nd DMRS port which shares PTRS port 0 
	1 
	2nd DMRS port which shares PTRS port 1


· Note: PUSCH antenna port 1000 and 1002 in indicated TPMI(s) share PT_RS port 0, and PUSCH antenna port 1001 is associated with PT_RS port 1
· Number of bits used for the indication
· 1 bit

Agreement
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

Agreement
For a 3TX UE, to support 3-port SRS transmission with reusing a 4-port SRS resource, UE splits a linear SRS power equally across the 3 unmuted antenna ports of the 4-port SRS resource.

Agreement
For 3-port codebook-based PUSCH transmission for a 3TX UE, scale factor s should be the ratio of the number of antenna ports with a non-zero PUSCH transmission power to 3 (except for full-power Mode 0).
· FFS: Whether specification needs to be updated to reflect the above

Agreement
For codebook-based UL transmission by a 3TX UE, when 1 PTRS port is configured by maxNrofPorts in PTRS-UplinkConfig, PTRS-DMRS association indication is as follows:
· Alt2: 2-bit indication
PTRS-DMRS association when 1 PT-RS port is configured
	Value
	DMRS port

	0
	1st scheduled DMRS port

	1
	2nd scheduled DMRS port

	2
	3rd scheduled DMRS port

	3
	4th scheduled DMRS port
Reserved 



Agreement
For a 3TX UE, support Rel-17 M-TRP PUSCH repetition where,
· Two SRS resource sets, each with up to 2 of 4-port SRS resources are configured, 
Note: The configured 4 port SRS resources are used to enable 3-port SRS transmission


[bookmark: _Hlk165974899]In RAN1 #116-bis meeting [2], the discussion in Rel-19 NR MIMO is restricted to design of non-coherent UL 3TX codebook, reuse of existing SRS resource definition and dimensions, and exclusion of full power modes 1 and 2. In this contribution, we mainly share our considerations on antenna switching for 3TX UE and non-codebook-based transmission for 3TX UE.

2. Discussion for enabling 3 TX UL transmission 
2.1 Antenna switching for 3TX UE
In TDD system, SRS antenna switching is essentially for CSI acquisition to reduce the CSI-RS resource overhead for DL channel measurement and reduce the UL reporting overhead for PMI reporting. For 3TX UE, ‘3TyR’ UE can be considered for antenna switching, where y is equal or larger than 3. 
Firstly, it is obvious that the 3TX UE must be expected to support at least 3 Rx chains, so we firstly consider the antenna switching for 3T3R. For 3T3R, one 4-port SRS where one port is muted can be configured for antenna switching. In this case, all three ports can be transmitted in one OFDM symbol. 
Secondly, RAN4 has asked RAN1 to consider introducing 3T6R SRS antenna switching in Rel-19 [3]. In this case, 1 SRS resource set with two 4-port SRS resources where one port is muted for each resource can be configured for antenna switching, each SRS resource is transmitted over one OFDM symbol and a total number of 6 SRS ports are transmitted over two different OFDM symbols, and one guard symbol is needed between the two SRS resources.
Finally, the commercial UEs in current network includes 1T2R, 1T4R, and 2T4R. UEs with 4 Rx are typical and widely commercialized in the market, and we believe that 3T4R is a potential type of commercial UE in the future. Therefore, we hope to support SRS antenna switching for 3T4R UE. For 3T4R, one SRS resource set with 3-port SRS and 1-port SRS can be configured for antenna switching, 3-port SRS and 1-port SRS resources are transmitted over two OFDM symbols, and one guard symbol is needed between the two SRS resources. However, to ensure same transmission power across different SRS ports, one simple way is to restrict that the ratio of SRS transmission power between 1-port SRS and 3-port SRS is 1/3.
Proposal 1: Support SRS antenna switching for 3T3R, 3T4R and 3T6R UE.

2.2 Non-codebook-based transmission for 3TX UE
To support non-codebook UL transmission by a 3TX UE, for SRI indication, up to 3 bits is needed. Legacy SRI indication for non-codebook based PUSCH transmission Table can be reused, and just delete the last two columns in the Table corresponding to NSRS=4. The newly added SRI indication tables are show in Table 1, Table 2, and Table 3.
[bookmark: _Hlk165995893]Table1: SRI indication for non-codebook based PUSCH transmission, Lmax=1
	Bit field mapped to index
	SRI(s), 
	Bit field mapped to index
	SRI(s), 
	Bit field mapped to index
	SRI(s), 

	0
	0
	0
	0
	0
	0

	1
	1
	1
	1
	1
	1

	
	
	2
	2
	2
	2

	
	
	3
	reserved
	3
	3



Table2: SRI indication for non-codebook based PUSCH transmission, Lmax=2
	Bit field mapped to index
	SRI(s), 
	Bit field mapped to index
	SRI(s), 
	Bit field mapped to index
	SRI(s), 

	0
	0
	0
	0
	0
	0

	1
	1
	1
	1
	1
	1

	2
	0,1
	2
	2
	2
	2

	3
	reserved
	3
	0,1
	3
	3

	
	
	4
	0,2
	4
	0,1

	
	
	5
	1,2
	5
	0,2

	
	
	6-7
	reserved
	6
	0,3

	
	
	
	
	7
	1,2

	
	
	
	
	8
	1,3

	
	
	
	
	9
	2,3

	
	
	
	
	10-15
	reserved



Table3: SRI indication for non-codebook based PUSCH transmission, Lmax=3
	Bit field mapped to index
	SRI(s), 
	Bit field mapped to index
	SRI(s), 
	Bit field mapped to index
	SRI(s), 

	0
	0
	0
	0
	0
	0

	1
	1
	1
	1
	1
	1

	2
	0,1
	2
	2
	2
	2

	3
	reserved
	3
	0,1
	3
	3

	
	
	4
	0,2
	4
	0,1

	
	
	5
	1,2
	5
	0,2

	
	
	6
	0,1,2
	6
	0,3

	
	
	7
	reserved
	7
	1,2

	
	
	
	
	8
	1,3

	
	
	
	
	9
	2,3

	
	
	
	
	10
	0,1,2

	
	
	
	
	11
	0,1,3

	
	
	
	
	12
	0,2,3

	
	
	
	
	13
	1,2,3

	
	
	
	
	14-15
	reserved


Proposal 2: For non-codebook-based precoding for 3TX UE, up to 3 bits for SRI indication are needed, and add SRI indication tables as shown in Table 1, Table 2, and Table 3.

3. Conclusion 
This contribution provides our views on support for 3-antenna-port codebook-based transmissions. Based on the above discussions, the proposals are as follows:
Proposal 1: Support SRS antenna switching for 3T3R, 3T4R and 3T6R UE.
Proposal 2: For non-codebook-based precoding for 3TX UE, up to 3 bits for SRI indication are needed, and add SRI indication tables as shown in Table 1, Table 2, and Table 3.
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