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1	Introduction 
At RAN#102, a new WID for Rel-19 MIMO enhancements was approved [1] and the objective of the WI concerning 3 Tx UL transmission includes 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 this contribution, we provide some discussions about the possible enhancements to enable 3-antenna-port codebook-based transmissions based on above objectives.
2	Discussions
In this section, we present some of our views on SRS configuration, transmit power split, and PTRS-DMRS association, regarding to 3Tx.
2.1 SRS for 3Tx
In terms of SRS for 3-antenna-port codebook-based transmission, the following agreement was achieved at RAN1#116:
	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.


2.1.1 Alt1 (4-port SRS resource with one port muted)
In Alt1, for 3Tx SRS, legacy 4-port SRS resources can be reused except for muting one of 4 SRS ports, e.g., allocating zero power to one SRS port. In Rel-18, the same antenna ports are used for the transmission of a PUSCH and an SRS resource indicated by the scheduling DCI. As antenna ports 1000, 1001, and 1002 have been agreed for 3Tx PUSCH during RAN1#116, muting SRS port 1003 is preferred for consistency with PUSCH.
Proposal 1:	For Alt1 (4-port SRS resource with one port muted), muting port 1003 is preferred.
While legacy SRS configuration can be reused as much as possible, if there are some other standard impacts for Alt1 may need further study. For example, since only 3 SRS ports for a 4-port SRS resource are active, i.e. with non-zero transmit power, how to split transmit power among these 3 ports needs to be studied. In Rel-18, transmit power is equally split into each configured SRS port of an SRS resource in a symbol, so the same transmit powers are allocated on REs in a symbol in legacy 4-port SRS patterns. For Alt1, a straightforward way is to equally split transmit power on the 3 active SRS ports of a 4-port SRS resource. For a low PAPR, if the same transmit power on different REs can be maintained needs to be carefully considered.
In Rel-18, two categories of 4-port SRS patterns can be configured, with two typical examples illustrated in Figure 1.


Figure 1: examples of legacy 4-port SRS patterns
If 4-port SRS pattern#1 is used for Alt1, as the three active SRS ports 1000~1002 occupy the same REs, the same transmit power can still be maintained on different REs in a symbol by equal power splitting over SRS ports 1000~1002. However, if 4-port SRS pattern#2 is used for Alt1, since the same REs are occupied for ports 1000 and 1002, which are FDMed with REs for port 1001, by using equal power split over SRS ports 1000~1002, the transmit power allocated to a RE for ports 1000 and 1002 would be twice of that on a RE for port 1001. In this case, power imbalance over REs exists, which may lead to a high PAPR.
Observation 1: For Alt1 (4-port SRS resource with one port muted), equal power split over 3 active SRS ports may cause power imbalance over REs when using 4-port SRS patterns with FDMed REs between ports 1000/1002 and ports 1001/1003.
It is known that power imbalance over REs can degrade overall system performance, due to high PAPR at UE and the difficulty of receiving at base stations. In legacy SRS patterns, equal power allocation among REs is adopted, which has a benefit of low PAPR. For Alt1, it is still preferred that this property can be maintained considering the PAPR issue and the consistency with the existing standard. Therefore, how to maintain the same transmit powers on all REs in a symbol may need further study.
Proposal 2: For Alt1 (4-port SRS resource with one port muted), the legacy equal power allocation on REs is preferred.
2.1.2 Alt2 (SRS resources with equal/unequal number of ports)
Different from using only one SRS resource for a 3Tx SRS transmission, Alt2 combines ports in multiple SRS resources to achieve 3 ports, e.g. by one 2-port SRS resource and 1-port SRS resource, or three 1-port SRS resources. For Alt2, standard impacts on multi-SRS resource aggregation may need to be considered. For example, in Rel-18, SRS resources in an SRS resource set should have the same number of SRS ports. If the aggregation of one 2-port SRS resource and 1-port SRS resource is supported for 3Tx SRS, the restriction on the same number of SRS ports for SRS resources in an SRS resource set may need to be cancelled. Moreover, in Rel-18, only one SRS resource is indicated by the SRS resource indicator field in DCI for scheduling a codebook-based PUSCH transmission. In Alt2, how to modify the SRS resource indicator field in DCI to indicate multiple SRS resources for 3Tx SRS need be considered.
Proposal 3: For Alt2 (SRS resources with equal/unequal number of ports), study how to indicate multiple SRS resources by the SRS resource indicator field in DCI.
In Alt2, all SRS ports in an SRS resource are active, i.e. with non-zero transmit power. The legacy equal power split over SRS ports in an SRS resource can be reused to minimize the standard impact. However, how to split transmit power among SRS resources aggregated for 3 ports may need to be considered, e.g. if the same transmit power should be allocated for the SRS resources, if equal power allocation over REs or over SRS ports should be maintained. 
Proposal 4: For Alt2 (SRS resources with equal/unequal number of ports), reuse legacy equal power split over SRS ports in a symbol for an SRS resource.
Proposal 5: For Alt2 (SRS resources with equal/unequal number of ports), study power split among multiple SRS resources aggregated for 3 SRS ports.
2.2 PTRS for 3Tx PUSCH
In Rel-18, the maximum number of UL PTRS ports is given by a higher layer parameter, which can be configured as either 1 or 2. For 3-port transmissions, maximum 2 UL PTRS ports can be supported as well. For PTRS-DMRS association, 2 bits are used for both cases of maximum 1 UL PTRS port and maximum 2 UL PTRS ports.
Proposal 6:	For 3Tx PUSCH, support up to 2 PTRS ports.
In Rel-18, when maximum 1 UL PTRS port is configured, 2 bits are used for PTRS-DMRS association field in DCI. For 3Tx non-coherent codebook-based PUSCH, if the maximum number of UL PTRS ports is one, value 3 in the legacy PTRS-DMRS association field in a scheduling DCI could be ignored or reserved, as shown in Table 1.
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 ignored/reserved



Proposal 7: When the max number of PTRS ports is 1, value 3 in the legacy PTRS-DMRS association field in DCI could be ignored or reserved.
For non-coherent codebook-based UL transmission with two UL PTRS ports in Rel-18, PUSCH antenna ports 1000 and 1002 in indicated TPMI(s) share PTRS port 0, and PUSCH antenna ports 1001 and 1003 in indicated TPMI(s) share PTRS port 1. Following the legacy design as much as possible, for 3Tx non-coherent codebook-based PUSCH, PUSCH antenna ports 1000 and 1002 in indicated TPMI(s) share PTRS port 0, and PUSCH antenna port 1001 in indicated TPMI(s) share PTRS port 1. For PTRS-DMRS association, value 1 for LSB in the legacy PTRS-DMRS association field in a scheduling DCI could be ignored or reserved, as shown in Table 2.
Table 2: PTRS-DMRS association for UL PTRS ports 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
ignored/reserved



Proposal 8: When the max number of PTRS ports is 2, value 1 for LSB in the legacy PTRS-DMRS association field in DCI could be ignored or reserved.
3	Conclusion
In this contribution, 3-antenna-port codebook-based transmissions are discussed. The following observations and proposals are provided:
Observation 1: For Alt1 (4-port SRS resource with one port muted), equal power split over 3 active SRS ports may cause power imbalance over REs when using 4-port SRS patterns with FDMed REs between ports 1000/1002 and ports 1001/1003.
Proposal 1:	For Alt1 (4-port SRS resource with one port muted), muting port 1003 is preferred.
Proposal 2: For Alt1 (4-port SRS resource with one port muted), the legacy equal power allocation on REs is preferred.
Proposal 3: For Alt2 (SRS resources with equal/unequal number of ports), study how to indicate multiple SRS resources by the SRS resource indicator field in DCI.
Proposal 4: For Alt2 (SRS resources with equal/unequal number of ports), reuse legacy equal power split over SRS ports in a symbol for an SRS resource.
Proposal 5: For Alt2 (SRS resources with equal/unequal number of ports), study power split among multiple SRS resources aggregated for 3 SRS ports.
Proposal 6:	For 3Tx PUSCH, support up to 2 PTRS ports.
Proposal 7: When the max number of PTRS ports is 1, value 3 in the legacy PTRS-DMRS association field in DCI could be ignored or reserved.
Proposal 8: When the max number of PTRS ports is 2, value 1 for LSB in the legacy PTRS-DMRS association field in DCI could be ignored or reserved.
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