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Introduction
[bookmark: _Ref494215420]In RAN1#113 meeting, RAN1 had an extensive discussion on increasing the maximum number of DMRS ports for PDSCH/PUSCH larger than Rel-15 for CP-OFDM. During the meeting, some important agreements have been achieved [1].
In this contribution, we provide our view on the remaining issues of Rel-18 DMRS design.

Discussion
During the previous meetings, RAN1 has discussed multiple times on the support of MU-MIMO within a CDM group. By the end of the last meeting, the following cases have been decided: 
· For PUSCH, there is no restriction.
· For PDSCH, there is no additional restriction between Rel.18 UE1 indicated with Rel-18 Legacy ports (eType1: ports 1000-1007, eType2: ports 1000-1011) and Rel.15-18 UE2 indicated with Rel.15 DMRS ports in a CDM group from Rel.17 spec.
· Note1: MU-MIMO restriction in Rel.15-17 is applied to Rel.15-17 UE and Rel-18 UE configured with Rel-15 DMRS port(s)
· Note2: MU-MIMO restriction in Rel.18 is applied to Rel.18 UE configured with Rel-18 DMRS port(s)
· For PDSCH, between Rel.18 UE1 indicated with Rel-18 New ports (eType1: ports 1008-1015, eType2: ports 1012-1023) and Rel.15-17 UE2 indicated with Rel.15 DMRS ports in a CDM group.
· UE does not expect such MU-MIMO within a CDM group
Regarding the case of MU-MIMO between between Rel.18 UE1 indicated with Rel-18 New ports and Rel.18 UE2 indicated with Rel.15 DMRS ports in a CDM group, consensus has not been made. In RAN1#103 meeting, the following conclusion and agreement are achieved.
	Conclusion
For MU-MIMO within a CDM group between Rel.15 DMRS ports and Rel.18 DMRS ports,
· For PDSCH, between Rel.18 UE1 indicated with Rel-18 New ports (eType1: ports 1008-1015, eType2: ports 1012-1023) and Rel.18 UE2 indicated with Rel.15 DMRS ports in a CDM group, there is no consensus to support the following.
· Alt.2: Rel.18 UE2 configured with Rel.15 DMRS ports can be signaled, to indicate that there may be another Rel.18 UE1 with Rel.18 New ports (eType1: ports 1008-1015, eType2: ports 1012-1023) in the same CDM group, so that the Rel.18 UE2 can assume FD-OCC length 4 for channel estimation of Rel.15 DMRS ports.
· Dedicated UE capability is introduced.
· The signaling is at least by RRC (FFS: whether to support DCI based signaling).

Agreement
The following MU-MIMO within a CDM group between Rel.15 DMRS ports and Rel.18 DMRS ports is not supported:
· For PDSCH, between Rel.18 UE1 indicated with Rel-18 New ports (eType1: ports 1008-1015, eType2: ports 1012-1023) and Rel.15-17 UE2 indicated with Rel.15 DMRS ports in a CDM group.
· UE does not expect such MU-MIMO within a CDM group
· FFS: For PDSCH, between Rel.18 UE1 indicated with Rel-18 New ports (eType1: ports 1008-1015, eType2: ports 1012-1023) and Rel.18 UE2 indicated with Rel.15 DMRS ports in a CDM group.
· UE does not expect such MU-MIMO within a CDM group


Based on the above conclusion and agreement, there are two possible options left. Option 1 is that UE does not expect such MU-MIMO within a CDM group. And Option 2 is that the UE indicated with Rel.15 DMRS ports is not expected to be co-scheduled with a UE indicated with Rel.18 DMRS ports if the orthogonality of length-2 FD-OCC between the co-scheduled DMRS ports cannot be satisfied. In our views, Option 2 requires additional UE implementation to support such case, which makes it difficult for UE/chipset vendors to support Rel.18 DMRS. For Option 1, the same rule has been supported for case between Rel.18 UE1 indicated with Rel-18 New ports and Rel.15-17 UE2 indicated with Rel.15 DMRS ports in a CDM group. Therefore, Option 1 can simplify UE implementation and also simplify the spec by combining the two cases. 
Proposal 1: For PDSCH, between Rel.18 UE1 indicated with Rel-18 New ports (eType1: ports 1008-1015, eType2: ports 1012-1023) and Rel.18 UE2 indicated with Rel.15 DMRS ports in a CDM group.
· UE does not expect such MU-MIMO within a CDM group

During the last meeting, the following agreement has been achieved on the factor related to PUSCH to PTRS power ratio per layer per RE. 
	Agreement
For 8Tx PUSCH, when the ptrs-Power configures 00, the factor ([image: ]) for partial coherent TPMIs is down selected from the following:
· Alt.1: , where  is the number of PUSCH layers which are precoded coherently with the PUSCH layer where PTRS port x is associated with, Qp is the number of PTRS ports scheduled to the UE, and L is the total number of PUSCH layers.
· Alt.2: , where  is the number of PUSCH layers which are precoded coherently with the PUSCH layer where PTRS port x is associated with, and Qp is the number of PTRS ports scheduled to the UE.


Comparing between Alt.1 and Alt.2, the main difference is whether to introduce a power limitation based on the number of layers. Based on the discussion in the last meeting, it seems that power limitation is not needed. The reason is that for each PTRS port, the max power doesn’t exceed the RF capability. Meanwhile, it is not clear why PTRS power cannot be lager than PUSCH power. Therefore, we support Alt.2.
Proposal 2: For partial coherent case when the higher layer parameter ptrs-Power is ‘00’, support Alt.2, i.e. the factor ([image: ])  equals to . 

In RAN1#112b, for two PTRS ports for partial/non-coherent PUSCH, there are four alternatives for PTRS-DMRS association field design. 
	Agreement
For two PTRS ports for partial/non-coherent PUSCH, PTRS-DMRS association for PUSCH with up to 8 layers is down selected from the following.
· Alt.1: The size of PTRS-DMRS association field is 4-bit in DCI format 0_1/0_2.
Table 1: 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

	2
	3rd DMRS port which shares PTRS port 0
	2
	3rd DMRS port which shares PTRS port 1

	3
	4th DMRS port which shares PTRS port 0
	3
	4th DMRS port which shares PTRS port 1


· Alt.2: The size of PTRS-DMRS association field is 2-bit in DCI format 0_1/0_2.
· The CW with the higher MCS is selected in case of two CWs.
· If the MCS is the same for two CWs, the PTRS port is associated with the first CW.
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


· Alt.3: The size of PTRS-DMRS association field is 2-bit in DCI format 0_1/0_2.
· For PUSCH with rank 5-8, 2-bit of antenna ports field is reused in addition to 2-bit PTRS-DMRS association in DCI format 0_1/0_2, and total 4-bit is used for PTRS-DMRS association.
Table 1: 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

	2
	3rd DMRS port which shares PTRS port 0
	2
	3rd DMRS port which shares PTRS port 1

	3
	4th DMRS port which shares PTRS port 0
	3
	4th DMRS port which shares PTRS port 1


· Alt.4: The size of PTRS-DMRS association field is 2-bit in DCI format 0_1/0_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





By the end of the last meeting, down selection has not been made. Among these alternatives, Alt1 can be considered as basic design, which is a straightforward extension. For Alt2, it means the two PTRS ports can only be associated with the same CW. However, it doesn’t work if one CW is transmitted by one antenna group and the other CW is transmitted by another antenna group. For Alt3, we think it depends on whether there are enough reserved bits in antenna ports field for each of the ranks using two PTRS ports. What’s more, Alt3 will complicate the design of PTRS-DMRS association indication. For Alt4, with the reduced DCI overhead, only the 1st and 2nd DMRS which shares the same PTRS port can be indicated. Thus, there may be some performance loss for PTRS transmission. In summary, we prefer Alt1 for two PTRS ports case.
Proposal 3: For PTRS-DMRS association for two PTRS ports, support Alt1.

Conclusion
In this contribution, we gave our views on the detailed design of Rel-18 DMRS ports. The following proposals and observation are achieved:
Proposal 1: For PDSCH, between Rel.18 UE1 indicated with Rel-18 New ports (eType1: ports 1008-1015, eType2: ports 1012-1023) and Rel.18 UE2 indicated with Rel.15 DMRS ports in a CDM group.
· UE does not expect such MU-MIMO within a CDM group
Proposal 2: For partial coherent case when the higher layer parameter ptrs-Power is ‘00’, support Alt.2, i.e. the factor ([image: ])  equals to . 
Proposal 3: For PTRS-DMRS association for two PTRS ports, support Alt1.
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