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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1#112-bis-e meeting, the Rel. 18 NR_MIMO_evo_DL_UL WID [1] was discussed. The following was agreed [2] on the topic of increasing the number of orthogonal DMRS ports for MU-MIMO:
	Agreement
For RAN1#111 agreement of the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH, for S-DCI based M-TRP,
· Support all rows of DMRS port combinations and Number of DMRS CDM group(s) without data for Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH for S-TRP, in addition to row 30 for 1CW in RAN1#112 agreement.
· If MU-MIMO restriction (i.e. UE does not expect to be multiplexed with other DMRS ports in the same CDM group) is introduced to certain row(s) for S-TRP, the MU-restriction is applied to the same row(s) for S-DCI based M-TRP.

Agreement
For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 2 for PDSCH, for S-DCI based M-TRP case, support all the following rows of DMRS port combinations and Number of DMRS CDM group(s) without data.
· All rows for Rel.18 eType1 DMRS ports with maxLength = 2 for PDSCH for S-TRP.
· If MU-MIMO restriction (i.e. UE does not expect to be multiplexed with other DMRS ports in the same CDM group) is introduced to certain row(s) for S-TRP, the MU-restriction is applied to the same row(s) for S-DCI based M-TRP.
· For one CW, add new row 68 in Table 7.3.1.2.2-2A-X.
· For row 68, introduce MU-MIMO restriction (i.e. UE does not expect to be multiplexed with other DMRS ports in the same CDM group).

Table 7.3.1.2.2-2A-X: Antenna port(s) (1000 + DMRS port), dmrs-Type=eType1, maxLength=2
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	…
	…
	…
	…

	68
	2
	0,2,3
	1



Agreement
For the antenna ports indication in Rel.18 eType2 DMRS ports with maxLength = 1 for PDSCH, for S-DCI based M-TRP case, support all the following rows of DMRS port combinations and Number of DMRS CDM group(s) without data.
· All rows for Rel.18 eType2 DMRS ports with maxLength = 1 for PDSCH for S-TRP.
· If MU-MIMO restriction (i.e. UE does not expect to be multiplexed with other DMRS ports in the same CDM group) is introduced to certain row(s) for S-TRP, the MU-restriction is applied to the same row(s) for S-DCI based M-TRP.
· For one CW, add new row 60 in Table 7.3.1.2.2-3A-X.
· For row 60, introduce MU-MIMO restriction (i.e. UE does not expect to be multiplexed with other DMRS ports in the same CDM group).

Table 7.3.1.2.2-3A-X: Antenna port(s) (1000 + DMRS port), dmrs-Type=eType2, maxLength=1
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	…
	…
	…

	60
	2
	0,2,3



Agreement
For the antenna ports indication in Rel.18 eType2 DMRS ports with maxLength = 2 for PDSCH, for S-DCI based M-TRP case, support all the following rows of DMRS port combinations and Number of DMRS CDM group(s) without data.
· All rows for Rel.18 eType2 DMRS ports with maxLength = 2 for PDSCH for S-TRP.
· If MU-MIMO restriction (i.e. UE does not expect to be multiplexed with other DMRS ports in the same CDM group) is introduced to certain row(s) for S-TRP, the MU-restriction is also applied to the same row(s) for S-DCI based M-TRP.
· For one CW, add new row 128 in Table 7.3.1.2.2-4A-X.
· For row 128, introduce MU-MIMO restriction (i.e. UE does not expect to be multiplexed with other DMRS ports in the same CDM group).

Table 7.3.1.2.2-4A-X: Antenna port(s) (1000 + DMRS port), dmrs-Type=eType2, maxLength=2
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	…
	…
	…
	…

	128
	2
	0,2,3
	1




Agreement
For RAN1#111 agreement of the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case,
· For 2 CWs,
· Alt.1: Confirm the working assumption in RAN1#112 with modification (in red).
· Alt.3-1: Support at least row 0-3 for 2 CWs in Table 4-0.
Table 4-0: DMRS ports for 2CWs.
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0,1,2,3,8

	1
	2
	0,1,2,3,8,10

	2
	2
	0,1,2,3,8,9,10

	3
	2
	0,1,2,3,8,9,10,11

	[4]
	[2]
	[0,1,2,3,10]

	[5]
	[2]
	[0,1,8,2,3,10]

	[6]
	[2]
	[0,1,8,2,3,10,11]

	[7]
	[2]
	[0,1,8,9,2,3,10,11]

	[8]
	[2]
	[0,2,3,8,9]

	[9]
	[2]
	[0,1,2,3,8,9]


FFS: Additional rows (rows 4~9) if there is technical justification.

Agreement
For RAN1#111 agreement of the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case,
· For 1 CW,
· Do not support row 21-22
· FFS: Whether to support row 23
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	21
	[2]
	[8-10]

	22
	[2]
	[8-11]




Agreement
For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 2 for PDSCH, at least for S-TRP case, support all rows of DMRS port combinations and Number of DMRS CDM group(s) without data in Table 7.3.1.2.2-2-X.
· FFS: For row 9-11, 24-30, 55-60, and 81-83 (if agreed) 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) or UE capability.
· FFS: The total number of rows for eType1 DMRS ports with maxLength =2 for PDSCH at least for S-TRP case does not exceed 64. 
……
(Table omitted)

Agreement
For the antenna ports indication in Rel.18 eType2 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case, support all rows of DMRS port combinations and Number of DMRS CDM group(s) without data in Table 7.3.1.2.2-3-X.
· FFS: For rows 9, 10, 20-23, 33, 34, 44-46, 60-62 (if agreed) 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) or UE capability.
……
(Table omitted)

Agreement
For the antenna ports indication in Rel.18 eType2 DMRS ports with maxLength = 2 for PDSCH, at least for S-TRP case, support all rows of DMRS port combinations and Number of DMRS CDM group(s) without data in Table 7.3.1.2.2-4-X.
· FFS: For rows 9, 10, 20-23, 42-47, 67, 68, 78-80, 100-105, and 153-158 (if agreed) 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) or UE capability.
……
(Table omitted)

Conclusion
[bookmark: _Hlk134095711]No consensus to support MAC CE based switching between Rel.15 DMRS ports and Rel.18 DMRS ports for PDSCH

Agreement
For Rel.18 eType1/eType2 DMRS ports with maxLength=1/2 for PDSCH/PUSCH, if Rel.18 eType1/eType2 DMRS ports is configured by RRC, the DCI size of antenna ports field in DCI format 1_1/1_2/0_1/0_2 is increased by at least 1-bit from Rel.17.
· Note: it does not preclude future possibility to support more than 1-bit, if RAN1 agree the necessity.

Conclusion
For MU-MIMO within a CDM group between Rel.15 DMRS ports and Rel.18 DMRS ports,
· For PUSCH, there is no restriction.
 


Note that the above just lists a portion of the agreements from RAN1#112-bis-e meeting. In this contribution, we present our views on increasing the number of orthogonal DMRS ports for MU-MIMO, and proposals for moving forward.

[bookmark: _Ref52454871]MU-MIMO between Rel.15 DMRS Ports and Rel.18 DMRS ports
In RAN1 #110 meeting, the following was agreed regarding MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports.
	Agreement
Support MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports.
· For MU-MIMO by different CDM groups, no MU-MIMO scheduling restriction of PUSCH/PDSCH (i.e. MU-MIMO between Rel.15 UE and Rel.18 UE is allowed).
· [bookmark: _Hlk114133132]For MU-MIMO within a CDM group, study whether and how to support MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports for PDSCH.
· Note: the study includes MU-MIMO between Rel.15 UE and Rel.18 UE, and between Rel.18 UEs.
· Note: PUSCH above is CP-OFDM waveform.



[bookmark: _Hlk114133236]As indicated in the agreement, for MU-MIMO within a CDM group, it needs to be decided whether to support MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports for PDSCH.  In RAN1 #112 and #112-bis-e meetings, the following FL proposal was discussed.
	FL Proposal 2.5B
· For MU-MIMO within a CDM group between Rel.15 DMRS ports and Rel.18 DMRS ports,
· 1) For PUSCH, there is no restriction.
· 2) 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.
· Note: MU-MIMO restriction in Rel.17 is applied.
· 3) For PDSCH, between Rel.18 UE1 indicated with Rel-18 New ports (eType1: ports 1008-1015, eType2: ports 1012-1023) and Rel.15 UE2 indicated with Rel.15 DMRS ports in a CDM group,
· UE does not expect such MU-MIMO in a CDM group.
· 4) 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, down select from the following.
· Alt.1: UE does not expect such MU-MIMO in a CDM group.
· 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).
· [bookmark: _Hlk134096300][bookmark: _Hlk134096235]Alt.3: Introduce restriction 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.




However, in RAN1 #112-bis-e meeting, only the following conclusion for PUSCH was agreed.  
	Conclusion
For MU-MIMO within a CDM group between Rel.15 DMRS ports and Rel.18 DMRS ports,
· For PUSCH, there is no restriction.



As indicated in the above conclusion and FL proposal, the cases for PDSCH, e.g., 2), 3), and 4) in the proposal still need to be decided. In the proposal above, 2), and 3) are straightforward.  In 4), the two UEs involved are Rel.18 UE1 indicated with Rel-18 new ports and Rel.18 UE2 indicated with Rel-15 DMRS ports.  To avoid collision between UE1’s Rel-18 new ports, which use FD-OCC length 4, and UE2’s Rel-15 DMRS ports, which use FD-OCC length 2, it is preferred that pairing of UE1 and UE2 in the same CDM group for MU-MIMO is not supported, which leads to Alt.1: UE does not expect such MU-MIMO in a CDM group.  On the other hand, since it was concluded in RAN1 #112 meeting that dynamic switching between Rel-15 DMRS port and Rel-18 DMRS port by a scheduling DCI is not supported in Rel-18, and then in RAN1 #112-bis-e meeting that MAC CE based switching is also not supported, switching between Rel-15 DMRS port and Rel-18 DMRS port has to rely on RRC signaling.  With RRC signaling, it is expected that once a UE is configured with Rel-15 DMRS port (e.g., with FD-OCC length 2) or Rel-18 DMRS port (e.g., with FD-OCC length 4), it will use the configured Rel-15 or Rel-18 DMRS port for a long time (e.g., in the order of hundreds of milliseconds).  In this case, UE1 and UE2 will stick with Rel-18 new ports and Rel-15 DMRS ports, respectively, for a long duration.  It may be beneficial to gNB’s scheduling flexibility if UE1 with Rel-18 new ports and UE2 with Rel-15 DMRS ports are allowed to be paired in the same CDM group for MU-MIMO during such a long period of time.  Considering the fact that some of the length 4 FD-OCC and some of the length 2 FD-OCC can still be orthogonal, e.g., length 4 FD-OCC [+1 -1 +1 -1] and [+1 -1 -1 +1] are orthogonal to the length 2 FD-OCC [+1 +1], it is up to the gNB to schedule/allocate the appropriate FD-OCC to UE1 and UE2 provided that the orthogonality of length-2 FD-OCC between the co-scheduled DMRS ports can be satisfied.  Therefore, we can also support Alt.3: Introduce restriction 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.
Based on the above analysis, we propose the following:
Proposal 1: For MU-MIMO within a CDM group between Rel.15 DMRS ports and Rel.18 DMRS ports,
· 2) 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.
· Note: MU-MIMO restriction in Rel.17 is applied.
· 3) For PDSCH, between Rel.18 UE1 indicated with Rel-18 New ports (eType1: ports 1008-1015, eType2: ports 1012-1023) and Rel.15 UE2 indicated with Rel.15 DMRS ports in a CDM group,
· UE does not expect such MU-MIMO in a CDM group.
· 4) 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, support
· Alt.3: Introduce restriction 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.

Discussion on RRC Parameters 
[bookmark: _Hlk134184790][bookmark: _Hlk134181447]In this section, we discuss required RRC parameters to support increasing the number of orthogonal DMRS ports for MU-MIMO in Rel-18.
[bookmark: _Hlk134181480]Based on the previous agreements, at least the following RRC parameters are needed:
· RRC configuration to switch between R15 DMRS port (FD-OCC length 2) and R18 eType1/eType2 DMRS port (FD-OCC length 4)
Based on the above analysis, we propose the following:
Proposal 2: On increasing the number of orthogonal DMRS ports for MU-MIMO, support at least the following RRC parameters:
· RRC configuration to switch between R15 DMRS port (FD-OCC length 2) and R18 eType1/eType2 DMRS port (FD-OCC length 4)

Conclusions
In this contribution, we present our views on increasing the number of orthogonal DMRS ports for MU-MIMO.  Based on the discussions in the previous sections we propose the following: 
Proposal 1: For MU-MIMO within a CDM group between Rel.15 DMRS ports and Rel.18 DMRS ports,
· 2) 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.
· Note: MU-MIMO restriction in Rel.17 is applied.
· 3) For PDSCH, between Rel.18 UE1 indicated with Rel-18 New ports (eType1: ports 1008-1015, eType2: ports 1012-1023) and Rel.15 UE2 indicated with Rel.15 DMRS ports in a CDM group,
· UE does not expect such MU-MIMO in a CDM group.
· 4) 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, support
· Alt.3: Introduce restriction 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.

Proposal 2: On increasing the number of orthogonal DMRS ports for MU-MIMO, support at least the following RRC parameters:
· RRC configuration to switch between R15 DMRS port (FD-OCC length 2) and R18 eType1/eType2 DMRS port (FD-OCC length 4)
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