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1. [bookmark: _Ref521334010]Introduction
In the RAN1 #113 meeting, increased number of orthogonal DMRS ports in Rel.18 NR MIMO evolution was discussed. Some agreements were made as below [1].
Agreement (eType1, maxLength=2)
· For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 2 for PDSCH, at least for S-TRP case, support/remove the following rows of DMRS port combinations and Number of DMRS CDM group(s) without data in RAN1#112bis-e agreement.
· For 1CW, 
· 1) Support row 8-11 for 1 CW.
· For row 9-11 in one CW, introduce MU-MIMO restriction (i.e. UE does not expect to be multiplexed with other DMRS ports in the same CDM group).
· 2) For row 24-30, 55-60, 69-80, down select from the following:
· Alt.2-1: Support row 24-30 and row 55-60 without MU restriction. Remove row 69-80.
· Alt.2-2: Support row 69-80 without MU restriction. Support row 24-30 with MU restriction. Remove row 55-60.
· Alt.2-3: Support row 24-30 with MU restriction. Remove row 55-60 and 69-80.
· Alt 2-4: Support row 69-80 without MU restriction. Remove row 24-30, 55-60. 
· Alt 2-5: Remove row 24-30, 55-60, 69-80 due to no consensus to support them.
· Atl 2-6: Support rows 24-30 and rows 59-60 without MU restriction. Remove rows 69-80 and rows 55-58.
· 3) For row 81-82:
· Alt.3-1: 
· If RAN1 agree row 26-27 without MU restriction,
· Support row 81-82 without MU restriction.
· Else,
· Remove row 81-82.
· Alt.3-2: Remove 81-82.
· 4) [Remove row 83.]
· For 2CW, 
· 5 [Remove row 0-3.]
· 6) Support row 20-23 if row 4-7 are supported for eType1 maxLength=1. Else, remove row 20-23.
· 7) Down select from the following:
· Alt.7-1: Support row 8-19 and remove row 24-35.
· Alt.7-2: Support row 24-35 and remove row 8-19.
· Alt.7-3: Remove row 8-19 and 24-35.
8) Support row 36-37 if row 8-9 are supported for eType1 maxLength=1. Else, remove row 36-37
Agreement
· For time density of PTRS of rank 5-8 PUSCH, support Alt.1:
· Alt.1: Reuse the existing RRC parameter of timeDensity in PTRS-UplinkConfig for both CWs.
· The time density for an PTRS port is determined by the MCS for the associated CW.

Working assumption
· For > 4 layers PUSCH with Rel.15 Type1/Type2 DMRS ports and Rel.18 eType 1/eType 2 DMRS ports, for partial coherent UL codebook, support Alt.2:
· Alt.2: DMRS ports combination(s) for full/non-coherent UL codebook is reused.
· The same DMRS port tables are used for full/partial/non-coherent UL codebook.

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).

Conclusion
For MU-MIMO within a CDM group between Rel.15 DMRS ports and Rel.18 DMRS ports,
· 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)

Agreement
Rel.18 eType1/eType2 DMRS is not applied to Msg.A PUSCH.

Conclusion
For 8Tx PUSCH, no consensus to support more than 2 ports PTRS for CP-OFDM.

Agreement
For Rel.18 eType 1/eType 2 DMRS with maxLength= 1/2 for PUSCH, additionally support the following rows.
Table 7.3.1.1.2-10-X: Antenna port(s), transform precoder is disabled, dmrs-Type= eType1, maxLength=1, rank = 3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	Y
	2
	0,2,3


Table 7.3.1.1.2-14-X: Antenna port(s), transform precoder is disabled, dmrs-Type= eType1, maxLength=2, rank = 3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	Y
	2
	0,2,3
	1


Table 7.3.1.1.2-14-X: Antenna port(s), transform precoder is disabled, dmrs-Type= eType2, maxLength=1, rank = 3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	Y
	2
	0,2,3


Table 7.3.1.1.2-22-X: Antenna port(s), transform precoder is disabled, dmrs-Type= eType2, maxLength=2, rank = 3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	Y
	2
	0,2,3
	1



Agreement
(DMRS port table for eType2, maxLength2)
For the antenna ports indication in Rel.18 eType2 DMRS ports with maxLength = 2 for PDSCH, at least for S-TRP case, support/remove the following rows of DMRS port combinations and Number of DMRS CDM group(s) without data in RAN1#112bis-e agreement.
· For 1CW, 
· 1) [Support row 9-10, 20-23].
· 2) For row 42-47, 100-105, 129-152, down select or modify from the following:
· Alt.2-1: Support row 42-47 and row 100-105 without MU restriction. Remove row 129-152.
· Alt.2-2: Support row 129-152 without MU restriction. Support row 42-47 with MU restriction. Remove row 100-105.
· Alt.2-3: Support row 42-47 with MU restriction. Remove row 100-105 and 129-152.
· Alt 2-4: Support row 129-152 without MU restriction. Remove row 42-47, 100-105. 
· Alt 2-5: remove row 42-47, 100-105, 129-152 due to no consensus to support them.
· Alt 2-6: Support row 42-47 and 103-105 without MU restriction, remove 100-102 and 129-152
· 3) For row 67-68, 78-80:
· Alt.3-1: 
· If RAN1 agree row 9-10, 20-23 without MU restriction
· Support row 67-68, 78-80 without MU restriction.
· Else,
· Remove row 67-68, 78-80.
· Alt.3-2: Remove 67-68,78-80.
· 4) For row 153-158, down select from the following.
· Alt.4-1: Support row 153-158 without MU restriction.
· Alt.4-2: Remove row 153-158.
· For 2CW, 
· 5) [Remove row 0-5.]
· 6) [Support row 10-13.]
· 7) Down select from the following:
· Alt.7-1: Support row 14-37 and remove row 46-69.
· Alt.7-2: Support row 46-69 and remove row 14-37.
· Alt.7-3: Remove row 14-37 and row 46-69.
· 8) remove row 38-45.

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.
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
Working assumption
For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 2 for PDSCH, at least for S-TRP case, for case 2) in RAN1#113 agreement,
· For 1CW, 
· 2) For row 24-30, 55-60, 69-80, support at least row 73-80 without MU restriction. Support row 24-30 with MU restriction (UE does not expect to be coscheduled with another UE in the same CDM group). Remove row 55-60.
· FFS: for row 69-72


This contribution focuses on further discussion of increased number of orthogonal DMRS ports. 
2. Discussion
Based on the agreement in last meeting[1], we have below work assumption:
	Working assumption
· For > 4 layers PUSCH with Rel.15 Type1/Type2 DMRS ports and Rel.18 eType 1/eType 2 DMRS ports, for partial coherent UL codebook, support Alt.2:
· Alt.2: DMRS ports combination(s) for full/non-coherent UL codebook is reused.
· The same DMRS port tables are used for full/partial/non-coherent UL codebook.



From technical perspective, we don’t see any critical issue to reuse Rel-15 DMRS ports for full or non-coherent UL codebook to support partial coherent UL codebook case. So we suggest confirming this work assumption.
Proposal 1:  The work assumption on for > 4 layers PUSCH with Rel.15 Type1/Type2 DMRS ports and Rel.18 eType 1/eType 2 DMRS ports, DMRS ports combination(s) for full/non-coherent UL codebook  being reused for partial coherent UL codebook should be confirmed.
Based on the agreement in last meeting[1], we have below work assumption:
	Working assumption
For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 2 for PDSCH, at least for S-TRP case, for case 2) in RAN1#113 agreement,
· For 1CW, 
· 2) For row 24-30, 55-60, 69-80, support at least row 73-80 without MU restriction. Support row 24-30 with MU restriction (UE does not expect to be coscheduled with another UE in the same CDM group). Remove row 55-60.
· FFS: for row 69-72



For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 2 for PDSCH, we fail to see any critical issue to support at least row 73-80 without MU restriction, support row 24-30 with MU restriction (UE does not expect to be co-scheduled with another UE in the same CDM group) and remove row 55-60. So we suggest confirming this work assumption. In addition, from our perspective, the row 69-72 doesn’t increase the max number of MU so we suggest removing row 69-72.
Proposal 2: The work assumption should be confirmed as below.
	Working assumption
For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 2 for PDSCH, at least for S-TRP case, for case 2) in RAN1#113 agreement,
· For 1CW, 
· 2) For row 24-30, 55-60, 69-80, support at least row 73-80 without MU restriction. Support row 24-30 with MU restriction (UE does not expect to be coscheduled with another UE in the same CDM group). Remove row 55-60.
· FFS: for row 69-72



Proposal 3: For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 2 for PDSCH, at least for S-TRP case, for case 2) in RAN1#113 agreement, for 1CW, row 69-72 isn’t required.
In terms of  the agreement in last meeting[1], we have the following  agreement on PTRS power.
	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



From our perspective, the design target of UE is to support 8 layer PUSCH transmission so the PTRS power boost would be smaller than 10*log10(8)= 9dB. It is not clear to us how much this small power difference would impact.
So we support for 8Tx PUSCH, when the ptrs-Power configures 00, Alt.2 is used for determining the factor ([image: ]) for partial coherent TPMIs
Proposal 4: for 8Tx PUSCH, when the ptrs-Power configures 00, Alt.2 is used for determining the factor ([image: ]) for partial coherent TPMIs as follow.
	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



In terms of  the agreement in last meeting[1], we have the following agreement on DMRS port table for eType2  and maxLength2
	Agreement
(DMRS port table for eType2, maxLength2)
For the antenna ports indication in Rel.18 eType2 DMRS ports with maxLength = 2 for PDSCH, at least for S-TRP case, support/remove the following rows of DMRS port combinations and Number of DMRS CDM group(s) without data in RAN1#112bis-e agreement.
· For 1CW, 
· 1) [Support row 9-10, 20-23].
· 2) For row 42-47, 100-105, 129-152, down select or modify from the following:
· Alt.2-1: Support row 42-47 and row 100-105 without MU restriction. Remove row 129-152.
· Alt.2-2: Support row 129-152 without MU restriction. Support row 42-47 with MU restriction. Remove row 100-105.
· Alt.2-3: Support row 42-47 with MU restriction. Remove row 100-105 and 129-152.
· Alt 2-4: Support row 129-152 without MU restriction. Remove row 42-47, 100-105. 
· Alt 2-5: remove row 42-47, 100-105, 129-152 due to no consensus to support them.
· Alt 2-6: Support row 42-47 and 103-105 without MU restriction, remove 100-102 and 129-152
· 3) For row 67-68, 78-80:
· Alt.3-1: 
· If RAN1 agree row 9-10, 20-23 without MU restriction
· Support row 67-68, 78-80 without MU restriction.
· Else,
· Remove row 67-68, 78-80.
· Alt.3-2: Remove 67-68,78-80.
· 4) For row 153-158, down select from the following.
· Alt.4-1: Support row 153-158 without MU restriction.
· Alt.4-2: Remove row 153-158.
· For 2CW, 
· 5) [Remove row 0-5.]
· 6) [Support row 10-13.]
· 7) Down select from the following:
· Alt.7-1: Support row 14-37 and remove row 46-69.
· Alt.7-2: Support row 46-69 and remove row 14-37.
· Alt.7-3: Remove row 14-37 and row 46-69.
· 8) remove row 38-45.




From our perspective, for the antenna ports indication in Rel.18 eType2 DMRS ports with maxLength = 2 for PDSCH, at least for S-TRP case and 1 CW, row 9-10, 20-23 of DMRS port combinations and Number of DMRS CDM group(s) without data should be supported. 
For S-TRP case and 1 CW, row 42-47 and row 100-105 without MU restriction should be supported and row 129-152 is removed accordingly. 
For S-TRP case and 1 CW, row 67-68, 78-80 should be removed because there is no gain. 
For S-TRP case and 1 CW, row 153-158 without MU restriction should be supported.
For S-TRP case and 2 CW, the legacy rows 0-5 should be kept. 
For S-TRP case and 2 CW, row 10-13 and row 14-37 can be decided in terms of the decision on whether to support MU-MIMO for 2CWs
Proposal 5: For the antenna ports indication in Rel.18 eType2 DMRS ports with maxLength = 2 for PDSCH, at least for S-TRP case and 1 CW, row 9-10, 20-23 of DMRS port combinations and Number of DMRS CDM group(s) without data should be supported.
Proposal 6: For the antenna ports indication in Rel.18 eType2 DMRS ports with maxLength = 2 for PDSCH, at least for S-TRP case and 1 CW, row 42-47 and row 100-105 without MU restriction should be supported and row 129-152 is removed accordingly.
Proposal 7: For the antenna ports indication in Rel.18 eType2 DMRS ports with maxLength = 2 for PDSCH, at least for S-TRP case and 1 CW, row 67-68, 78-80 should be removed.
Proposal 8: For the antenna ports indication in Rel.18 eType2 DMRS ports with maxLength = 2 for PDSCH, at least for S-TRP case and 1 CW, row 153-158 without MU restriction should be supported.
Proposal 9: For the antenna ports indication in Rel.18 eType2 DMRS ports with maxLength = 2 for PDSCH, at least for S-TRP case and 2 CW, the rows 0-5 should be kept.
Proposal 10: For the antenna ports indication in Rel.18 eType2 DMRS ports with maxLength = 2 for PDSCH, at least for S-TRP case and 2 CW, row 10-13 and row 14-37 can be decided in terms of the decision on whether to support MU-MIMO for 2CWs.





3. Conclusion
In this contribution, we discussed about increased number of orthogonal DMRS ports. The proposals are as follows:
Proposal 1:  The work assumption on for > 4 layers PUSCH with Rel.15 Type1/Type2 DMRS ports and Rel.18 eType 1/eType 2 DMRS ports, DMRS ports combination(s) for full/non-coherent UL codebook  being reused for partial coherent UL codebook should be confirmed.
Proposal 2: The work assumption should be confirmed as below.
	Working assumption
For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 2 for PDSCH, at least for S-TRP case, for case 2) in RAN1#113 agreement,
· For 1CW, 
· 2) For row 24-30, 55-60, 69-80, support at least row 73-80 without MU restriction. Support row 24-30 with MU restriction (UE does not expect to be coscheduled with another UE in the same CDM group). Remove row 55-60.
· FFS: for row 69-72



Proposal 3: For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 2 for PDSCH, at least for S-TRP case, for case 2) in RAN1#113 agreement, for 1CW, row 69-72 isn’t required.
Proposal 4: for 8Tx PUSCH, when the ptrs-Power configures 00, Alt.2 is used for determining the factor ([image: ]) for partial coherent TPMIs as follow.
	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


Proposal 5: For the antenna ports indication in Rel.18 eType2 DMRS ports with maxLength = 2 for PDSCH, at least for S-TRP case and 1 CW, row 9-10, 20-23 of DMRS port combinations and Number of DMRS CDM group(s) without data should be supported.
Proposal 6: For the antenna ports indication in Rel.18 eType2 DMRS ports with maxLength = 2 for PDSCH, at least for S-TRP case and 1 CW, row 42-47 and row 100-105 without MU restriction should be supported and row 129-152 is removed accordingly.
Proposal 7: For the antenna ports indication in Rel.18 eType2 DMRS ports with maxLength = 2 for PDSCH, at least for S-TRP case and 1 CW, row 67-68, 78-80 should be removed.
Proposal 8: For the antenna ports indication in Rel.18 eType2 DMRS ports with maxLength = 2 for PDSCH, at least for S-TRP case and 1 CW, row 153-158 without MU restriction should be supported.
Proposal 9: For the antenna ports indication in Rel.18 eType2 DMRS ports with maxLength = 2 for PDSCH, at least for S-TRP case and 2 CW, the rows 0-5 should be kept.
Proposal 10: For the antenna ports indication in Rel.18 eType2 DMRS ports with maxLength = 2 for PDSCH, at least for S-TRP case and 2 CW, row 10-13 and row 14-37 can be decided in terms of the decision on whether to support MU-MIMO for 2CWs.
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