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Introduction
In RAN1 #116b meeting, the following agreements on UL 3Tx were achieved.
	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 some discussion on uplink 3 ports codebook-based transmission for NR MIMO.
SRS configuration
One remaining issue for the SRS configuration is whether to allow the NW to configure 3Tx SRS for a 4-port or 8-port UE for uplink full power mode 2. Currently, the NW can configure the uplink full power mode 2 by configuring different number of ports for different SRS resources. Then for a 4-port or 8-port UE, the NW can configure an SRS resource set with SRS resources from 1, 2, or 4 ports respectively. Then it should be clarified that whether the NW can configure a 3-port SRS for such type of UE.
Proposal 1: Clarify whether the NW can configure a 3-port SRS resource in an SRS resource set for CB for uplink full power mode 2 for a 4-port or 8-port UE.
Power Boosting for PT-RS for 3Tx
For PT-RS for 3Tx, in RAN1 #116b meeting, the following has been agreed:
	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




Since the number of associated PUSCH ports for PT-RS port 0 and PT-RS port 1 is different, it is necessary to consider separate power boosting for each PT-RS port for 3TX. The power boosting factor for PT-RS port x can be , where  is the number of layers associated with PUSCH ports that associated with the PT-RS port x, and  is the number of PT-RS ports. For PT-RS port 0, since it can be associated with up to 2 layers, it is possible to support 6dB power boosting for the PT-RS port 0. For PT-RS port 1, since it is always associated with 1 layer, it is possible to support up to 3dB power boosting for PT-RS port 1. 
Proposal 2: Support PT-RS port specific power boosting for 3TX UE, where the power boosting factor for PT-RS port x is , where  is the number of layers associated with PUSCH ports that associated with the PT-RS port x, and  is the number of PT-RS ports.

PUSCH transmission
Since the 3Tx is based on non-coherent transmission, to improve the reliability for the PUSCH transmission, it is possible that the UE may transmit different portions of the PUSCH from different physical antennas. Thus, for a UE indicated with a precoder like , to improve the reliability of PUSCH, the UE may transmit the first half of RBs from the first antenna, and the second half of RBs from the second antenna. Then, it is better to maintain the same understanding between the NW and UE on the uplink PRB bundling size, so that the NW can perform the uplink decoding based on the corresponding bandwidth for the DMRS from the same UE antenna. 
Proposal 3: Support to define the uplink PRG to improve the reliability for 3-port PUSCH transmission.
· As a starting point, support the NW to indicate whether the UE should transmit the PUSCH based on 1 or 2 uplink PRGs

Conclusion
In this contribution, we provided discussion on uplink 3 ports codebook-based transmission for NR MIMO. Based on the discussion, the following proposals are provided.
Proposal 1: Clarify whether the NW can configure a 3-port SRS resource in an SRS resource set for CB for uplink full power mode 2 for a 4-port or 8-port UE.
Proposal 2: Support PT-RS port specific power boosting for 3TX UE, where the power boosting factor for PT-RS port x is , where  is the number of layers associated with PUSCH ports that associated with the PT-RS port x, and  is the number of PT-RS ports.
Proposal 3: Support to define the uplink PRG to improve the reliability for 3-port PUSCH transmission.
· As a starting point, support the NW to indicate whether the UE should transmit the PUSCH based on 1 or 2 uplink PRGs


