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Introduction
In RAN#102, a new work item was endorsed in RP-234007, to specify NR MIMO Phase 5 in Rel-19, where one of the objectives is related to a 3Tx UE as follows: 
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#116, many of the aspects related to 3Tx MIMO was discussed and some was already agreed among which is precoding design [1]. In this paper, we share our views on open issues for 3Tx MIMO.
Requirements for 3Tx UL Transmission
Specifications to CB based SRS 
In RAN1#116, for SRS configuration it was agreed that 

Agreement
For SRS configuration supporting codebook-based UL transmission by a 3TX UE, down-select one of
· Alt1 – Support configuration of X 4-port SRS resources in a resource set where one the ports is muted
· Alt2 – Support configuration of X SRS resources with equal/unequal number of ports (e.g. 2 + 1 or 1 + 1 + 1) in a resource set,
The value for X is FFS, and it will be determined according to the selected alternative.

Based on current specification, SRS resources within the SRS resource set with usage set to ‘codebook’ must have the same number of antenna ports, as given by 38.214 Sec. 6.1.1.1:
· Except when higher layer parameter ul-FullPowerTransmission is set to 'fullpowerMode2', when multiple SRS resources are configured by SRS-ResourceSet with usage set to 'codebook', the UE shall expect that higher layer parameters nrofSRS-Ports in SRS-Resource in SRS-ResourceSet shall be configured with the same value for all these SRS resources.


Given the above, Alt2 is needs more spec change in comparison with Alt1. In addition, such a direction is not well-justified. Basically, a similar discussion could be hold for 4Tx SRS configuration to configure SRS resources with different antenna ports like 2+2, 1+1+2, etc. Therefore, we propose to go with Alt1. Furthermore, terms of number of SRS resources within the set, Alt1 needs no additional specification. That is X can be up to two like the current specification, given that ul-FullPowerTransmission set to 'fullpowerMode2' is out of the scope. 

Based on the above discussion, we have the following proposal:

Proposal 1: For SRS configuration supporting codebook-based UL transmission by a 3TX UE, support configuration of up to two 4-port SRS resources in a resource set where one the ports is muted.


In RAN1#116, it was also agreed that:
Agreement
For a 3-antenna-port codebook-based UL transmission, study power split for each port of SRS and PUSCH.

In current specification, UE splits SRS power equally across the configured antenna ports (38.213, 7.3):
	For SRS, 
-	if a UE is provided tdm for an SRS resource with 8 ports in an SRS resource set with usage 'codebook' or 'antennaSwitching', the UE splits a linear value  of the transmit power  on active UL BWP  of carrier  of serving cell  equally across the configured antenna ports on each symbol for SRS transmission.
-	else, a UE splits a linear value  of the transmit power  on active UL BWP  of carrier  of serving cell  equally across the configured antenna ports for SRS. 




Given that in current spec, number of SRS antenna ports for a SRS resource with usage as ‘codebook’ cannot be 3, without enhancement on SRS resource, UE will be configured with 4 SRS antenna ports where for 3Tx UL transmission, one port has to be a dummy port. Obviously, in this case splitting power on 4 ports has no justification.

Proposal 2: For 3Tx PUSCH antenna ports, if UE is configured with SRS resource(s) with 4 antenna ports, UE splits SRS power equally across 3 antenna ports.

PTRS-DMRS association 
For PTRS design in terms of number of configured PTRS posrts and PTRS to DMRS mapping, the following agreements made in RAN1#116
Agreement
For a 3TX UE, down-select one of the following options for the number of PTRS ports,
· Option-1: A single PTRS port is supported.
· Option- 2: Up to 2 PTRS port may be configured.

Agreement
For a 3-antenna-port codebook-based UL transmission, study PTRS-DMRS association.


Agreement
For codebook-based transmission by a 3TX UE, 
· Only PUSCH antenna ports 1000, 1001, 1002 are used
· Option- 2: Subject to UE capability, up to 2 PTRS ports may be configured in PTRS-UplinkConfig, 
· FFS whether a single bit or 2 bits are used for PTRS-DMRS association indication.
Above is only for single panel transmission.

Here we should note that for 3Tx MIMO, if UE is configured with 2 PTRS ports, 1 bit is sufficient for PTRS-DMRS association given that 2nd PTRS port can be mapped to only one DMRS port which is associated with PUSCH antenna port 1001. But for consistency with current (and possibly future design, e.g. if switching between 3Tx and 4Tx subject to UE capability is desired), going with 2 bits is still preferred where in this case LSB (or MSB) may be ignored by UE. 

Proposal 3: For PTRS-DMRS association, support 2 bits. If UE is configured with 2 PTRS ports, LSB (or MSB) is reserved.
Conclusion
In this contribution, we shared our views on 3Tx UL transmission for non-coherent UL codebook. Based on what we discussed, the following proposals are made:

Proposal 1: For SRS configuration supporting codebook-based UL transmission by a 3TX UE, support configuration of up to two 4-port SRS resources in a resource set where one the ports is muted.


Proposal 2: For 3Tx PUSCH antenna ports, if UE is configured with SRS resource(s) with 4 antenna ports, UE splits SRS power equally across 3 antenna ports.


Proposal 3: For PTRS-DMRS association, support 2 bits. If UE is configured with 2 PTRS ports, LSB (or MSB) is reserved.
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