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In RAN1 #116 meeting, the following agreements are made to support 3-antenna-port codebook-based transmissions:
	Agreement
For non-coherent uplink precoding by a 3TX UE, at least following precoders are supported for single-layer transmission.


Agreement
For non-coherent uplink precoding by a 3TX UE, at least following precoders are supported for two-layer transmission.
, ,  

Agreement
For non-coherent uplink precoding by a 3TX UE, at least following precoders are supported for three-layer transmission.


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.

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 a 3-antenna-port codebook-based UL transmission, study power split for each port of SRS and PUSCH.

Agreement
For codebook-based uplink transmission by a 3TX UE, support full-power Mode 0, subject to UE capability.

Conclusion
There is no consensus in RAN1 to support antenna switching for 3TX UE in Rel-19

Agreement
For SRS configuration supporting codebook-based UL transmission by a 3TX UE, one SRS resource set is configured for single TRP operation.

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.


In this contribution, we provide our views on supporting 3-antenna-port codebook-based transmissions.
Discussion 
3-antenna-port SRS configuration
A 3 ports SRS transmission shall be specified to support 3-antenna-port codebook-based PUSCH transmission. Since no enhancement on SRS resource is expected in the WID, a 3-port SRS transmission can be obtained based on legacy SRS resource(s) configurations. Two alternatives were proposed to configure the SRS for 3Tx UE in RAN1 #116 for potential down-selection as follows:
· 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 first alternative is configuring a 4-port SRS resource and one of the ports is muted. For example, the first three ports of a 4-port SRS resource can be used for the 3-port SRS transmission. That is the SRS sequence of each port of a 3-port SRS is same as the SRS sequence of a 4-port SRS resource. However, the UE only need to transmit  the antenna port =0,1, ...,  with  .
This method is simple and has less spec impacts, including the SRS transmission power split and precoder determination for 3-antenna-port PUSCH transmission. Specifically:
· In TS 38.213, on the SRS transmission power, “For SRS, 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.” 
· In TS 38.211, when SRS sequence of a SRS resource is mapped to physical resource, the sequence for each of the antenna ports of the SRS resource shall be multiplied with a factor   ;
· In TS 38.214 on the precoder selection, “The transmission precoder is selected from the uplink codebook that has a number of antenna ports equal to higher layer parameter nrofSRS-Ports in SRS-Config, as defined in Clause 6.3.1.5 of [4, TS 38.211]”. 
In 3-antenna-port transmission in alt 1, nrofSRS-Ports shall be configured as ports4 for the UE to determine the time/frequency/CS resources for each SRS port of the SRS resource, however, the actual number of SRS ports is 3. The Tx power for each SRS port and transmission precoder for PUSCH shall be based on 3 antenna port other than higher layer parameter nrofSRS-Ports.
The other alternative to configure SRS for a 3Tx UE is combining a 2-port SRS resource and a single-port SRS resource or combining three single-port SRS resources. The motivation of this alternative is to achieve the power domain gain by transmitting different SRS ports in different symbols. However, this scheme shall also raise additional issues on how to combine the SRS resources for a 3-port SRS transmission, how to index SRS port across the combined SRS resources, how to re-interpretate the SRI field, how to deal with unequal power transmission across different SRS ports etc. For example, when different SRS resources are transmitted using different TX power, how the gNB can derive the channel from unequal SRS power in different ports. These issues need to be addressed before multiple SRS resources can be used together for 3 port transmission, and the corresponding spec impact will be larger than alt 1. Therefore, we support to adopt alt1.
Proposal 1: For SRS configuration supporting codebook-based UL transmission by a 3TX UE, support configuration of X 4-port SRS resources in a resource set where one the ports is muted.

PTRS issues in 3-antenna-port transmissions
In 3-antenna-port codebook based transmission, one or two PTRS ports can be configured to a UE as agreed in RAN1#116. According to current specification, the actual number of UL PT-RS port(s) is determined based on the indicated/configured TPMI(s). If the maximum number of PTRS port maxNrofPorts is configured as 2, PUSCH antenna port 1000 and 1002 in indicated TPMI(s) share PT-RS port 0, and PUSCH antenna port 1001 and 1003 in indicated TPMI(s) share PT-RS port 1. In 3-antenna-port codebook based transmission, there is only PUSCH antenna port 1000, 10001 and 1002. We think legacy rule can be reused, that is PUSCH antenna port 1000 and 1002 in indicated TPMI(s) share PT-RS port 0, and PUSCH antenna port 1001 in indicated TPMI(s) share PT-RS port 1.
In current TS 38.212, two bits are used to indicate the PTRS and DMRS association. In 3-antenna-port codebook based PUSCH transmission, if the number of PTRS port is 1, Table 7.3.1.1.2-25 in TS 38.212 can be reused as illustrated in Table 1. For 3 Tx PUSCH transmission, it is an error case if value 3 is indicated.  If the number of PTRS port is 2, one bit is enough to indicate the PTRS and DMRS association, since in 3 Tx PUSCH transmission, at most two PUSCH layers share a PTRS port and one PUSCH layer shares another PTRS port. Therefore, table 2 is proposed to indicate the PTRS-DMRS association for a PTRS port which is associated with two PUSCH layers. 
Table 1: PTRS-DMRS association for UL PTRS port 0
	Value
	DMRS port

	0
	1st scheduled DMRS port 

	1
	2nd scheduled DMRS port

	2
	3rd scheduled DMRS port 

	3
	4th scheduled DMRS port 


Table 2: PTRS-DMRS association for UL PTRS port 0 or PTRS port 1
	Value
	DMRS port

	0
	1st DMRS port share the PTRS port

	1
	2nd DMRS port share the PTRS port


Proposal 2: In 3-antenna-port codebook based transmission and maxNrofPorts is configured as 'n2', PUSCH antenna port 1000 and 1002 in  the indicated TPMI(s) share PT-RS port 0, and PUSCH antenna port 1001 in indicated TPMI(s) share PT-RS port 1.
Proposal 3: Reuse Table 1 to indicate the PTRS and DMRS association if maxNrofPorts is n1 in 3-antenna-port codebook based transmission, and value 3 is left unused (an error case if indicated)
Proposal 4: Table 2 is used to indicate the PTRS and DMRS association for a PTRS port which is associated with two PUSCH layers if maxNrofPorts is n2 in 3-antenna-port codebook based transmission.

Conclusion
As a summary, we have the following proposals on support for 3-antenna-port codebook-based transmissions:
Proposal 1: For SRS configuration supporting codebook-based UL transmission by a 3TX UE, support configuration of X 4-port SRS resources in a resource set where one the ports is muted.
Proposal 2: In 3-antenna-port codebook based transmission and maxNrofPorts is configured as 'n2', PUSCH antenna port 1000 and 1002 in the indicated TPMI(s) share PT-RS port 0, and PUSCH antenna port 1001 in indicated TPMI(s) share PT-RS port 1.
Proposal 3: Reuse Table 1 to indicate the PTRS and DMRS association if maxNrofPorts is n1 in 3-antenna-port codebook based transmission, and value 3 is left unused (an error case if indicated)
Proposal 4: Table 2 is used to indicate the PTRS and DMRS association for a PTRS port which is associated with two PUSCH layers if maxNrofPorts is n2 in 3-antenna-port codebook based transmission.
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