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There is a WI agreed in RAN #102e [1] on MIMO enhancement in Rel-19, the detail is given as follows:
	RAN1:
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.


To enhance the UL performance and anticipating advancements in hardware and design technology, 3 Tx antennas ports PUSCH transmission is supported in Rel-19. Therefore, we discuss the enhancements to support 3-antenna-port codebook-based transmissions.
Discussion 
3-antenna-port codebook 
In the agreed WID, only non-coherent UL codebook is supported. Then for each rank, there is only one non-zero element in each row in the codebook matrix. Besides, for 3 Tx PUSCH transmission, the number of layers of a PUSCH transmission can be 1, or 2 or 3. The specific codebook can be found in the following tables. 

Table 1: Precoding matrix  for single-layer transmission using three antenna ports.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 2
	
	
	



Table 2: Precoding matrix  for two-layer transmission using three antenna ports.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 2
	
	
	



Table 3: Precoding matrix  for three-layer transmission using three antenna ports.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0
	


Proposal 1: Support codebooks in table 1 to table 3 for 3-antenna-port codebook-based PUSCH transmission.
3-antenna-port SRS resource
A 3 port SRS resource shall be specified to support 3-antenna-port codebook-based PUSCH transmission. Since no enhancement on SRS resource is expected in the agreed WID, a 3-port SRS resource can be derived from a legacy SRS resource. For simplicity, a 3 port SRS resource can use the first three ports of a 4-port SRS resource. That is the SRS sequence of each port of a 3-port SRS resource is generated same as the SRS sequence of a 4-port SRS resource, but for a 4-port SRS resource, the antenna port =0,1, ...,  and for a 3-port SRS resource, the antenna port =0,1, ...,  
This method is simple and has no spec impact on SRS sequence, but it may have other spec impact, including the SRS transmission power and precoder determination for 3-antenna-port PUSCH transmission. Specifically:
· In TS 38.213, on the SRS transmission power, there is a saying “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, it is saying “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, although the SRS resource is generated same as a 4-port SRS resource, the actual number of SRS ports is 3 and the power and precoder determination shall be based on 3 other than higher layer parameter nrofSRS-Ports.
From the analysis above, this method may have a relatively large spec effects. We think other methods with less spec effect can be studied, including enhancement on SRS resource or no enhancement on SRS resource methods. Therefore, we propose:
Proposal 2: Study the method on 3-port SRS resource generation with less spec effect including methods with or without  enhancement on SRS resource.
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 in Rel-18. 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, two bits as in table 4 (i.e., table 7.3.1.1.2-25 in TS 38.212) is used for indicating the PTRS port is associated with which DMRS port. 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 5 is proposed to indicate the PTRS-DMRS association for a PTRS port which is associated with two PUSCH layers. 
Table 4: 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 5: 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 3: The maximum number of PTRS ports can be configured as n1 or n2 in 3-antenna-port codebook based transmission.
Proposal 4: In 3-antenna-port codebook based transmission and maxNrofPorts is configured as 'n2', 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.
Proposal 5: Table 5 is used to indicate the PTRS and DMRS association for a PTRS port which is associated with two PUSCH layers in 3-antenna-port codebook based transmission.
3-antenna-port SRS for antenna switching
With the introducing of 3 antenna ports for UL transmission, 3- antenna-port SRS resource can be used for antenna switching for acquisition DL CSI based on the configuration.
In 3-antenna-port codebook based transmission scenario, additional antenna architecture, e.g., 3Tx ports or 3 Rx ports, shall be considered in SRS antenna switching for DL CSI acquisition. 1T3R, 2T3R, 3T3R, 3T4R, 3T6R and 3T8R can be supported depending on UE’s capability. Among these configuration, we think at least 1T3R, 3T3R and 3T6R shall be supported.
For 1T3R, 3T3R and 3T6R, the configuration of SRS, e.g., the number of SRS resources in a SRS resource set and the number of SRS resource set, can follow the principle specified in Rel-18. For 1T3R, the case is similar to 2T6R in current standard. Different from 2T6R, for 1T3R, each SRS resource in a given set consisting of one SRS port instead of two SRS port per resource. 3T6R is similar to 1T2R and the only difference is for 3T6R each SRS resource in a given set consisting of three SRS ports. For 3T3R each SRS resource set has one SRS resource, the number of SRS ports for each resource is equal to 3. For 2T3R, 3T4R and 3T8R, if supported, further study is needed on the SRS configuration.
Proposal 6: Support a 3-antenna-port SRS resource to be used for antenna switching.
Proposal 7: Support at least 1T3R, 3T3R and 3T6R configurations based on UE’s capability.

Conclusion
As a summary, we have the following proposals on support for 3-antenna-port codebook-based transmissions:
Proposal 1: Support codebooks in table 1 to table 3 for 3-antenna-port codebook-based PUSCH transmission.
Proposal 2: Study the method on 3-port SRS resource generation with less spec effect including methods with or without  enhancement on SRS resource.
Proposal 3: The maximum configured number of PTRS ports can be n1 and n2 in 3-antenna-port codebook based transmission.
Proposal 4: In 3-antenna-port codebook based transmission and maxNrofPorts is configured as 'n2', 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.
Proposal 5: Table 5 is used to indicate the PTRS and DMRS association for a PTRS port which is associated with two PUSCH layers in 3-antenna-port codebook based transmission.
Proposal 6: Support a 3-antenna-port SRS resource to be used for antenna switching.
Proposal 7: Support at least 1T3R, 3T3R and 3T6R configurations based on UE’s capability.
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