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1. Introduction
In RAN1 #116bis meeting, the following agreements were achieved on 3Tx uplink transmission [1].
	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


In this contribution, we provide discussions on the uplink enhancement for 3Tx UE in Rel-19.
2. Discussion on uplink enhancement for UE with 3Tx

2.1 TPMI indication

In RAN1 #116bis meeting, it was agreed that Rel-17 multi-TRP PUSCH repetition will be supported for 3Tx UE. For multi-TRP operation, two fields of Precoding information and number of layers are included in the DCI. The indicated rank value for both fields are the same, i.e., the rank value indicated by the second Precoding information and number of layers field is the same as the rank indicated by the first Precoding information and number of layers field.

Since the rank information could be obtained from the first Precoding information and number of layers field, the length of the second Precoding information and number of layers field is as shown in Table 1.

[bookmark: _Ref165994649]Table 1 Length of the second Precoding information and number of layers field
	maxRank value
	Number of precoders
	Field length of the second Precoding information and number of layers field

	1
	Rank 1: 3
	2 bits

	2
	Rank 1: 3
Rank 2: 3
	2 bits

	3
	Rank 1: 3
Rank 2: 3
Rank 3: 1
	2 bits



Table 2 to Table 4 show example of the TPMI indication table for the second Precoding information and number of layers field, depending on the value of maxRank.

[bookmark: _Ref153393093]Table 2 TPMI indication table for the second Precoding information and number of layers field with maxRank=1
	Bit field mapped to index
	codebookSubset= nonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	Reserved



[bookmark: _Ref153393160]Table 3 TPMI indication table for the second Precoding information and number of layers field with maxRank=2
	Bit field mapped to index
	codebookSubset= nonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	1 layer: reserved

	0
	2 layers: TPMI=0

	1
	2 layers: TPMI=1

	2
	2 layers: TPMI=2

	3
	2 layers: reserved



[bookmark: _Ref153393167]Table 4 TPMI indication table for the second Precoding information and number of layers field with maxRank=3
	Bit field mapped to index
	codebookSubset= nonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	1 layer: reserved

	0
	2 layers: TPMI=0

	1
	2 layers: TPMI=1

	2
	2 layers: TPMI=2

	3
	2 layers: reserved

	0
	3 layers: TPMI=0

	1~3
	3 layers: reserved



Proposal 1:
· For codebook-based transmission with 3 ports, RAN1 to discuss the TPMI indication for PUSCH repetition in multi-TRP.

2.2 SRS antenna switching

In RAN1 #116 meeting, there was conclusion that there is no consensus to support SRS antenna switching for 3Tx UE in Rel-19. Considering the good progress for 3Tx UL, according to Feature Lead, now the supporting of SRS antenna switching for 3Tx UE is open for discussion.

In our view, SRS antenna switching is important for DL CSI acquisition especially in TDD system. In addition, in the LS from RAN4 [2], RAN4 also request RAN1 to consider SRS antenna switching with 3T6R in Rel-16.

For SRS antenna switching with 3Tx UE, 3T3R and 3T6R could be firstly considered, which is simpler from the UE implementation and the spec impact perspective.

For 3T3R, one SRS resource could be configured, and for 3T6R, two SRS resources could be configured. The detailed SRS configuration could be further discussed in RAN1.

Therefore, we have the following proposal.

Proposal 2:
· For 3Tx UE, RAN1 to discuss antenna switching operation at least for 3T3R and 3T6R.

3. Conclusion
In conclusion, we have the following proposals on supporting PUSCH transmission with 3Tx in Rel-19.

Proposal 1:
· For codebook-based transmission with 3 ports, RAN1 to discuss the TPMI indication for PUSCH repetition in multi-TRP.
Proposal 2:
· For 3Tx UE, RAN1 to discuss antenna switching operation at least for 3T3R and 3T6R.
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