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Background
In RAN#102, the working item to enhance NR MIMO operations in Rel-19 was agreed [1].
The detailed objective is as follows:
1. [bookmark: _Hlk145555364]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.
Discussions
1.1. PTRS-DMRS association
[bookmark: _Hlk162007125]In previous #116 meeting, the following agreements are made.
	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 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 our view, discussion point is FFS part that whether a single bit or 2 bits are used for PTRS-DMRS association indication field. For example, when maxRank = 3 and two PTRS ports are configured, the single bit is enough because PUSCH antenna port 1001 is automatically associated with PTRS port 1 according to the following spec:
	[bookmark: _Toc11352163][bookmark: _Toc20318053][bookmark: _Toc27299951][bookmark: _Toc29673226][bookmark: _Toc29673367][bookmark: _Toc29674360][bookmark: _Toc36645590][bookmark: _Toc45810639][bookmark: _Toc155777437]6.2.3.1	UE PT-RS transmission procedure when transform precoding is not enabled
…
For partial-coherent and non-coherent codebook-based UL transmission, the actual number of UL PT-RS port(s) is determined based on TPMI(s) and/or number of layers which are indicated by 'Precoding information and number of layers' field(s) in DCI format 0_1, 0_2 or 0_3 or configured by higher layer parameter precodingAndNumberOfLayers:
[bookmark: _Hlk512520180]-	if the UE is configured with the higher layer parameter maxNrofPorts in PTRS-UplinkConfig set to 'n2', the actual UL PT-RS port(s) and the associated transmission layer(s) are derived from indicated TPMI(s) as:
-	for PUSCH transmission with 2 or 4 ports, 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.
[bookmark: _Hlk500758550]-	UL PT-RS port 0 is associated with the UL layer 'x' of layers which are transmitted with PUSCH antenna port 1000 and PUSCH antenna port 1002 in indicated TPMI(s), and UL PT-RS port 1 is associated with the UL layer 'y' of layers which are transmitted with PUSCH antenna port 1001 and PUSCH antenna port 1003 in indicated TPMI(s), where 'x' and/or 'y' are given by DCI parameter 'PTRS-DMRS association' as shown in DCI format 0_1, 0_2 and 0_3 described in Clause 7.3.1 of [5, TS38.212].
-	for PUSCH transmission with 8 ports, PUSCH antenna port 1000, 1001, 1004 and 1005 in indicated TPMI(s) share PT-RS port 0, and PUSCH antenna port 1002, 1003, 1006 and 1007 in indicated TPMI(s) share PT-RS port 1.
-	UL PT-RS port 0 is associated with the UL layer 'x' of layers which are transmitted with one or more of PUSCH antenna port 1000, 1001, 1004 and 1005 in indicated TPMI(s), and UL PT-RS port 1 is associated with the UL layer 'y' of layers which are transmitted with one or more of PUSCH antenna port 1002, 1003, 1006 and 1007 in indicated TPMI(s), where 'x' and/or 'y' are given by DCI parameter 'PTRS-DMRS association' as shown in DCI format 0_1 and DCI format 0_2 described in Clause 7.3.1 of [5, TS38.212].




However, in the current spec, when maxRank<=4 and one PTRS port are configured, the field refers Table 1 using 2 bits. when maxRank<=4 and two PTRS ports are configured, the field refers Table 2 using 2 bits. In other words, 2Tx UE (e.g. maxRank<=2) necessarily use 2 bits. Hence, there is no reason that only 3Tx UE support a single bit for PTRS-DMRS association indication. Therefore, For 3Tx UE, only 2 bits should be used for PTRS-DMRS association indication.
Proposal 1: For 3Tx UE, only 2 bits are used for PTRS-DMRS association indication.
[bookmark: _Hlk162008284]Table 1: PTRS-DMRS association or Second 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 or Second PTRS-DMRS association for UL PTRS port 0 and 1
	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


1.2. SRS enhancement
In previous #116 meeting, the following agreements are made.
	Agreement
For SRS configuration supporting codebook-based UL transmission by a 3TX UE, down-select one of
· [bookmark: _Hlk162014713]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 3-antenna-port codebook-based UL transmission, study power split for each port of SRS and PUSCH.




In our view, there are two alternatives for SRS configuration supporting codebook-based UL transmission by a 3TX UE as the following:
· 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

For Alt1, all 3 ports are mapped by CDM (i.e., cyclic shift). For Alt2, 2 or 1 port(s) are mapped by CDM and other port(s) are mapped by TDM. This means that Alt1 is more efficient in terms of resources, compared with Alt2. Furthermore, Alt2 has larger standardization efforts than Alt1. For example, there are issues of grouping 2 or 3 SRS resources, port indexing, dropping procedure, and power splitting. Therefore, we support Alt1.
Proposal 2: For 3Tx UE, support configuration of 4-port SRS resources in a resource set where one the ports is not transmitted.
Furthermore, in the current spec, when 4-port is configured, SRS transmit power is scaling by configured port according to following spec:
	[bookmark: _Toc12021449][bookmark: _Toc20311561][bookmark: _Toc26719386][bookmark: _Toc29894817][bookmark: _Toc29899116][bookmark: _Toc29899534][bookmark: _Toc29917271][bookmark: _Toc36498145][bookmark: _Toc45699171][bookmark: _Toc146789737]7.3	Sounding reference signals
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. 




However, not 3-port but 4-port would be configured for 3Tx UE. if 4-port is configured for 3Tx UE, SRS transmit power is scaling by configured port (i.e, 4-port) even though actual transmitted ports are 3-port for 3Tx. Therefore, SRS transmit power should be decided based on not configured ports but transmitted ports.
Proposal 3: SRS transmit power should be decided based on transmitted ports.

1.3. Codebook design and TPMI indication
In previous #116 meeting, the following agreements are made.
	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.




In RAN1#116 meeting, some codebook design was agreed but how to select an uplink precoder is not agreed yet. In the current spec, the uplink precoder is selected based on the number of configured SRS ports according to the following spec:
	[bookmark: _Toc11352140][bookmark: _Toc20318030][bookmark: _Toc27299928][bookmark: _Toc29673201][bookmark: _Toc29673342][bookmark: _Toc29674335][bookmark: _Toc36645565][bookmark: _Toc45810610][bookmark: _Toc146791819]6.1.1.1	Codebook based UL transmission
…
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]. When the UE is configured with the higher layer parameter txConfig set to 'codebook', the UE is configured with at least one SRS resource. The indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI, where the SRS resource is prior to the PDCCH carrying the SRI.




However, for 3Tx UE, a PUSCH is transmitted by using 3-port even though the number of the SRS configured ports is 4-port. Therefore, the uplink precoder should be selected based on the number of transmitted ports, not the number of the configured SRS ports.
Observation 1: Ports transmitting PUSCH correspond to the number of configured SRS ports as specified in TS38.211.
Proposal 4: Ports transmitting PUSCH correspond to actually transmitted SRS port.
Conclusion
In this contribution, we have the following proposal:
[bookmark: _Hlk162009810]Proposal 1: For 3Tx UE, 2 bits are used for PTRS-DMRS association indication.
Proposal 2: For 3Tx UE, support configuration of 4-port SRS resources in a resource set where one the ports is not transmitted.
Proposal 3: SRS transmit power should be decided based on transmitted ports.
Observation 1: Ports transmitting PUSCH correspond to the number of configured SRS ports as specified in TS38.211.
[bookmark: _GoBack]Proposal 4: Ports transmitting PUSCH correspond to actually transmitted SRS port.
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