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1. [bookmark: _Ref521334010]Introduction
In RAN #102 meeting, specifying enhancement for 3-antenna-port codebook-based transmissions was agreed and the following objective was approved in the WID for Rel-19 NR MIMO [1]:
	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 meeting, non-coherent precoders, candidates for SRS enhancements and PTRS-DMRS association and full power transmission enhancements for 3Tx transmission were discussed and several agreements were achieved [2]. There are some remaining issues on SRS enhancement, TPMI indication and PTRS-DMRS association indication for 3Tx. In this contribution, detailed designs on the above remaining issues are provided.
2. Discussion
[bookmark: _Ref158284246][bookmark: _Ref158284221]SRS enhancement
For 3-antenna-port codebook-based transmissions, 3 SRS ports are needed. It is straightforward to support 3-port SRS resources. However, enhancement on SRS resource is out of the scope for Rel-19 MIMO. To enabling 3 SRS ports based on the legacy SRS resources, in RAN1# 116 meeting, it was agreed to down-select from the following two approaches:
· Alt 1. Support configuration of X 4-port SRS resources in a resource set where one the ports is muted
· Alt 2. Support configuration of X SRS resources with equal/unequal number of ports (e.g. 2 + 1 or 1 + 1 + 1) in a resource set.
Alt 2 is preferred since compared with Alt1, Alt2 has the following advantanges:
1) It is a flexible solution to allow multiple ports to be configured in one or multiple OFDM symbols. 
2) It is beneficial to improve the performance of SRS. By configuring the SRS resources to multiple OFDM symbols, the number of SRS ports in each SRS resource is smaller than 3, then the transmit power of each SRS port can be higher than that of an 3-port SRS transmission.
[bookmark: _Hlk127542738]3) It can enable dynamic switching among PUSCH transmissions with 1 port/2 ports/3 ports. By allowing indicating one or more SRS resources, it can easily switch among PUSCH transmissions with 1 port, 2 ports and 3 ports.
Proposal 1: To facilitating 3 SRS ports for UL 3Tx, the following approach is supported:
· Alt 2: Support configuration of X SRS resources with equal/unequal number of ports (e.g. 2 + 1 or 1 + 1 + 1) in a resource set.
If Alt 2 is selected, X = 3 or 6 can be considered for 1 + 1 + 1 case and X = 2 or 4 can be considered for 2 + 1 case.
Proposal 2: For configuration of X SRS resources with equal/unequal number of ports (e.g. 2 + 1 or 1 + 1 + 1) in a resource set, X = 3 or 6 is considered for 1 + 1 + 1 case and X = 2 or 4 is considered for 2 + 1 case.

TPMI indication
In RAN1# 116 meeting, following precoders for non-coherent 3Tx have been agreed [2]:
	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.




Given the precoders above, the TPMI table design is the subsequent task. For UL 3Tx, the legacy TPMI indication framework can be reused, i.e., a precoding information and number of layers filed is used to indicate the TPMI and TRI for the PUSCH transmission jointly. 
Table 1 shows the number of TPMIs for different maxRank values for UL 3Tx based on the non-coherent codebooks used for 3Tx. It can be seen the overheads are different for maxRank = 1, and maxRank = 2 or 3. In order to reduce the overhead for TPMI indication, 2 TPMI indication tables are preferred for UL 3Tx.
[bookmark: _Ref157791035]Table 1 TPMI overheads for 3Tx codebooks
	maxRank
	number of TPMIs
	TPMI overheads (bits)

	1
	3
	2

	2
	3+3=6
	3

	3
	3+3+1=7
	3


Proposal 3: For TPMI indication for UL 3Tx:
· The legacy TPMI indication framework is reused, i.e., a precoding information and number of layers filed is used to indicate the TPMI and TRI for the PUSCH transmission jointly.
· Two TPMI indication tables are adopted for UL 3Tx,
· One for maxRank = 1 and one for maxRank = 2 or 3.
Enhancement of PT-RS
In RAN1# 116 meeting, it has been agreed that up to 2 PTRS ports can be configured for 3Tx [2]:
	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.


Association between PT-RS port and DM-RS port should be specified when 1 PT-RS port or 2 PT-RS ports are configured, respectively. When 1 PT-RS port is configured, 2 bits can be used for indicating the PT-RS and DM-RS association, with three codepoints indicate the associations between the three DM-RS ports and the PT-RS port and one codepoint reserved. Such association is shown in Table 2. 
Table 2: 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
	Reserved 



When 2 PT-RS ports are configured, 2 bits are used in legacy PTRS-DMRS association indication for UL 4Tx. The MSB is used to indicate the associated DM-RS port of PUSCH antenna port 1000 and 1002 that are associated with PTRS port 0, and the LSB is used to indicate associated DM-RS port of PUSCH antenna port 1001 and 1003 that are associated with PTRS port 1. Similar indication scheme can be applied for 3Tx enhancement. As only three ports are used for 3Tx, the DM-RS port that associated with PUSCH 1001 is definitely associated with PTRS port 1, only which DMRS port is associated with PUSCH port 1000 or 1002 needs to be indicated. Thus, using a single bit for PT-RS and DM-RS association indication is sufficient. The following table (i.e., Table 3) can be considered.
Table 3: PTRS-DMRS association when 2 PT-RS ports are configured
	Value
	DMRS port

	0
	1st scheduled DMRS port

	1
	2nd scheduled DMRS port


Proposal 4: For PT-RS port and DM-RS association for UL 3Tx, the following schemes are supported:
· When 1 PT-RS port is configured, 2 bits are used for PTRS-DMRS association indication as follows:
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
	Reserved 



· When 2 PT-RS port2 are configured, 1 bit is used for PTRS-DMRS association indication as follows:
PTRS-DMRS association when 2 PT-RS ports are configured
	Value
	DMRS port

	0
	1st scheduled DMRS port

	1
	2nd scheduled DMRS port



3. Conclusions
In this contribution, we provided our views on SRS enhancement, TPMI indication and PTRS-DMRS association indication for 3Tx enhancements. A summary for the proposals in this contribution is provided as follows:
Proposal 1: To facilitating 3 SRS ports for UL 3Tx, the following approach is supported:
· Alt 2: Support configuration of X SRS resources with equal/unequal number of ports (e.g. 2 + 1 or 1 + 1 + 1) in a resource set.
Proposal 2: For configuration of X SRS resources with equal/unequal number of ports (e.g. 2 + 1 or 1 + 1 + 1) in a resource set, X = 3 or 6 is considered for 1 + 1 + 1 case and X = 2 or 4 is considered for 2 + 1 case.
Proposal 3: For TPMI indication for UL 3Tx:
· The legacy TPMI indication framework is reused, i.e., a precoding information and number of layers filed is used to indicate the TPMI and TRI for the PUSCH transmission jointly.
· Two TPMI indication tables are adopted for UL 3Tx,
· One for maxRank = 1 and one for maxRank = 2 or 3.
Proposal 4: For PT-RS port and DM-RS association for UL 3Tx, the following schemes are supported:
· When 1 PT-RS port is configured, 2 bits are used for PTRS-DMRS association indication as follows:
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
	Reserved 



· When 2 PT-RS port2 are configured, 1 bit is used for PTRS-DMRS association indication as follows:
PTRS-DMRS association when 2 PT-RS ports are configured
	Value
	DMRS port

	0
	1st scheduled DMRS port

	1
	2nd scheduled DMRS port
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