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[bookmark: _Ref506539118]Introduction
At the RAN1#116b meeting, the following agreements were made on the support of 3Tx UL MIMO [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 present our views on supporting 3-Tx UL MIMO transmissions, with a primary focus on TPMI indication and PTRS-DMRS association for mTRP PUSCH repetitions and 3-Tx antenna switching. 
3 Tx for mTRP PUSCH repetitions
At the RAN1#116b meeting, it was agreed to support Rel-17 M-TRP PUSCH repetition for 3Tx UEs, where two SRS resource sets, each with up to 2 of 4-port SRS resources are configured [1]. To support mTRP PUSCH repetitions for 3 Tx antennas, TPMI indication and PTRS-DMRS association need to be updated accordingly. 
For mTRP PUSCH repetition, second precoding information field for non-coherent PUSCH transmission with 3 Tx antennas can be 2 bits when maxRank equals to 2 or 3 for PUSCH transmission. Table 1 illustrate the field for second precoding information for non-coherent PUSCH transmission using 3 Tx antennas.
[bookmark: _Ref164770599]Table 1. Second precoding information for 3 Tx PUSCH when maxRank = 2 or 3
	Bit field mapped to index
	codebookSubset = nonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	reserved

	0
	2 layers: TPMI=0

	1
	2 layers: TPMI=1

	2
	2 layers: TPMI=2

	3
	reserved

	0
	3 layers: TPMI=0

	1-3
	reserved



Proposal 1:
· Consider a 2-bit second precoding information field (Table 1) in the DCI format 0_1/0_2 for mTRP PUSCH repetitions with 3 antenna ports. 

Regarding PTRS-DMRS association for the support of mTRP PUSCH repetitions, the same table as agreed at the RAN1#116b meeting for sTRP operation can be reused. In particular, 1-bit and 2-bit second PTRS-DMRS association field in the DCI format 0_1/0_2 can be supported when 2 and 1 PTRS ports are configured for mTRP PUSCH repetitions, respectively.  
Proposal 2:
· For mTRP PUSCH repetitions, same table as defined for PTRS-DMRS association is used for second PTRS-DMRS association field. 

Antenna switching for 3 Tx for DL CSI acquisition
In Release 15/16, antenna switching for downlink CSI acquisition was supported with configurations such as 1T2R, 2T4R, and 1T4R. Moreover, in Release 17, additional configurations were introduced including 1T8R, 1T6R, 2T8R, 2T6R, and 4T8R. For antenna switching, one or more SRS resource sets can be configured, where each SRS resource set may comprise of more than one SRS resources in a slot. This also depends on the resource type, e.g., whether periodic, semi-persistent and aperiodic SRS resource set is configured for antenna switching. 
At the RAN1#116 meeting, it was concluded that there is no consensus in RAN1 to support antenna switching for 3TX UE in Rel-19 [2]. However, considering the workload and the minimal specification impact, it may be beneficial to support SRS antenna switching for 3 Tx, at least for the case of 3T6R. Further, as indicated in the LS, RAN4 requests RAN1 to consider introducing 4T6R and 3T6R SRS antenna switching in Rel-19 [3].
Hence, in our view, SRS antenna switching for 3 Tx for DL CSI acquisition could be supported at least for 3T6R. It should be noted that further discussion may be needed on the support of 3T4R and 3T8R SRS antenna switching due to the irregular pattern of the SRS resource configurations across different slots. 
To support 3T6R for SRS antenna switching, the existing design principle as defined for Rel-15/16 antenna switching may be simply reused. In particular, 1 SRS resource set with two 4-port SRS resources in a slot can be configured, where one port is muted for 3-port SRS transmission. In addition, one guard symbol may be needed between the two 3-port SRS transmissions. Figure 1 illustrates an example of antenna switching for 3T6R for DL CSI acquisition. In the figure, it was assumed that configured 4-port SRS resources are used to enable 3-port SRS transmission based on the agreement. 
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[bookmark: _Ref157695011]Figure 1. Antenna switching for 3T6R for DL CSI acquisition 
Proposal 3:
· It is beneficial to support antenna switching for 3 Tx for DL CSI acquisition (3T6R). 
· FFS: 3T4R and 3T8R

Partial coherent codebook for 3 Tx
As described in the NR MIMO Phase 5 WI, the objective for 3 Tx UL MIMO is to 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. Further, at the RAN1#116 meeting, non-coherent codebooks for 1-, 2- and 3- layer transmissions for PUSCH were agreed for 3 Tx antennas [2]. 
The decision to support a partial coherent codebook for 3 Tx highly depends on the specific antenna configuration of the UE. For instance, if a UE has a cross-polarized antenna pair capable of coherent transmission and a single-polarized antenna, it is reasonable to design a partial coherent codebook for 3 Tx. It should be noted that at the RAN1#116 meeting, this configuration for 3Tx was agreed as part of performance evaluation of 3TX UE [2]. Considering the practical implementation of 3Tx at the UE, it may be more appropriate to support a partial coherent codebook for 3Tx in RAN1 to be able to utilize the full capability of such a UE hardware. 
Proposal 4:
· It is beneficial to support partial coherent codebook for 3 Tx.

[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our views on support for 3 Tx UL MIMO. Further, we summarize the proposals as follows:
Proposal 1:
· Consider a 2-bit second precoding information field (Table 1) in the DCI format 0_1/0_2 for mTRP PUSCH repetitions with 3 antenna ports. 
 Proposal 2:
· For mTRP PUSCH repetitions, same table as defined for PTRS-DMRS association is used for second PTRS-DMRS association field. 
Proposal 3:
· It is beneficial to support antenna switching for 3 Tx for DL CSI acquisition (3T6R). 
· FFS: 3T4R and 3T8R
Proposal 4:
· It is beneficial to support partial coherent codebook for 3 Tx.
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