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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 and RAN1#116b, many of the aspects related to 3Tx MIMO like precoder design and indication, SRS configuration, PTRS to DMRS mapping, etc are already settled. As mentioned above, although WID is clear on the scope and objectives of 3Tx MIMO, but thanks to the good progress which was made in the past two meetings, RAN1 may start extending the scope on some additional aspects where there is consensus, and subject to RAN approval when needed. In this paper, we share our views on such aspects, like partial coherent UL codebook for 3Tx UE.
3Tx partial coherent UE
Precoding design and indication
Subject to UE capability, a 3Tx UE can be a partial coherent UE for example when cross-polarized antennas are coherent. So far, the agreements for 3Tx UE have been under the WID’s assumption for non-coherent codebook. Now with partial coherent antennas, some additional precoders will be available to UE, as given by the following Tables.

Table I. Precoding matrix W for single-layer transmission using 3 antenna ports with transform precoding disabled or enabled.
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Table II. Precoding matrix W for two-layer transmission using 3 antenna ports with transform precoding disabled.
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Table III. Precoding matrix W for three-layer transmission using 3 antenna ports with transform precoding disabled.
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Although anything that is out of current WID’s scope, including partial coherent codebook design, needs consensus in RAN1 and approval in RAN when needed. Based on the above discussion, we have this proposal:

Proposal 1: If there is consensus in RAN1 to specify partial coherent uplink precoding by a 3TX UE, the precoders given by Tables I/II/III can be supported for 3 antenna ports and codebookSubset = partialAndNonCoherent 
· For maxRank equals to 1, TPMI field is 3 bits for DFT-s-OFDM and CP-OFDM
· For maxRank equals to 2 or 3, TPMI field is 4 bits for CP-OFDM


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 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.

And later in RAN1#116b
Agreement (116b)
· For codebook-based UL transmission by a 3TX UE, when 2 PTRS ports are configured by maxNrofPorts in PTRS-UplinkConfig, PTRS-DMRS association indication is as follows: 
	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


· Note: PUSCH antenna port 1000 and 1002 in indicated TPMI(s) share PT_RS port 0, and PUSCH antenna port 1001 is associated with PT_RS port 1
· Number of bits used for the indication
· 1 bit

Agreement (116b)
For codebook-based UL transmission by a 3TX UE, when 1 PTRS port is configured by maxNrofPorts in PTRS-UplinkConfig, PTRS-DMRS association indication is as follows:
· Alt2: 2-bit indication
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
	4th scheduled DMRS port
Reserved 




Now for partial coherent 3Tx UE, the same procedure is applicable although in theory 1 bit can be saved as follows:
· When 2 PTRS ports are configured by maxNrofPorts in PTRS-UplinkConfig, unlike non-coherent case where 1 bit was needed to indicate 1st vs 2nd DMRS port that share PTRS port 0, no indication bit is needed given that PUSCH antenna ports 1000 and 1002 are coherent.
· When 1 PTRS port is configured by maxNrofPorts in PTRS-UplinkConfig, unlike non-coherent case where 2 bits was needed to indicate 1st vs 2nd vs 3rd DMRS port, 1-bit indication bit is sufficient to indicate PTRS is mapped to 1st/2nd DMRS or to the 3rd DMRS.

Given that such a bit saving in general is not applied for partial-coherent versus non-coherent UE, we prefer not to introduce a new procedure. Based on this discussion, the following is proposed. 

Proposal 2: If there is consensus in RAN1 to specify partial coherent uplink precoding by a 3TX UE, PTRS-DMRS association follows same procedure as of non-coherent 3Tx.

Conclusion
In this contribution, we shared our views on 3Tx UL transmission for partial-coherent UL codebook. Based on what we discussed, the following proposals are made:

Proposal 1: If there is consensus in RAN1 to specify partial coherent uplink precoding by a 3TX UE, the precoders given by Tables I/II/III can be supported for 3 antenna ports and codebookSubset = partialAndNonCoherent 
· For maxRank equals to 1, TPMI field is 3 bits for DFT-s-OFDM and CP-OFDM
· For maxRank equals to 2 or 3, TPMI field is 4 bits for CP-OFDM


Proposal 2: If there is consensus in RAN1 to specify partial coherent uplink precoding by a 3TX UE, PTRS-DMRS association follows same procedure as of non-coherent 3Tx.
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