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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1#111 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 FD-OCC length 4 for PDSCH/PUSCH, select the following:
· Opt.1-1 (Walsh matrix) for PDSCH
· Opt.1-2 (Cyclic shift) for PUSCH

Agreement
· For the antenna ports indication in Rel.18 eType1/eType2 DMRS ports with maxLength = 1/2 for PDSCH, all of the following port combinations can be indicated:
· Cat. 1) Legacy port indexes (eType 1: p=0~7, eType 2: p=0~11)
· Cat. 2) New port indexes (eType 1: p=8~15, eType 2: p=12~23)
· Cat. 3) Legacy port indexes and New port indexes at least within a CDM group at least for maxLength=1 (eType 1: up to 4 ports from {0, 1, 8, 9} and/or up to 4 ports from {2, 3, 10, 11}, eType 2: up to 4 ports from {0, 1, 12, 13} and/or up to 4 ports from {2, 3, 14, 15} and/or up to 4 ports from {4, 5, 16, 17}) at least for S-TRP case,
· For up to 4 ranks, only one CDM group is used per UE. For larger than 4 ranks, more than one CDM groups can be used per UE.
· FFS: Whether to increase the size of antenna ports field in DCI format 1_1/1_2, or introduce new DCI field for antenna ports indication, or not.
· FFS: Whether the new antenna port(s) table is specified or not.
· FFS: MU restrictions for certain entries. e.g., DMRS ports = {0,2}, or {8,10}, etc.
· FFS: Cat.3 for M-TRP case.
· Note: DMRS port index for PDSCH is determined by p +1000

Agreement
For > 4 layers PUSCH, support new antenna ports tables for rank = 5,6,7,8 for both single-symbol/double-symbol DMRS. 
· For Type 1/Type 2 Rel.15 DMRS ports, new antenna ports tables are the following: 
· The same DMRS port combination(s) as that for rank = 5,6,7,8 for PDSCH is reused at least for full or non-coherent UL codebook.
· For Rel.18 eType1/eType2 DMRS ports, 
· New antenna ports tables with new DMRS port combinations are used for rank = 5,6,7,8 (FFS: details). 
· Note: Whether the DMRS port combination allows to use single symbol DMRS for rank = 5,6,7,8 should be checked. 
· FFS: For partial coherent UL codebook, support layers to DMRS port mapping that layers associated to the same antenna port group are multiplexed into the same DMRS CDM group.
· FFS: One or more than one DMRS port combination(s) for each rank and TPMI
· Note: New DMRS port combinations above does not preclude the new antenna ports tables including the current DMRS port combination(s) for PDSCH for rank = 5,6,7,8 in Rel.15-17. 
· FFS: Whether the antenna ports combinations for rank = 5,6,7,8 can be indicated by the reserved entries of existing antenna ports tables for rank =1,2,3,4, if the rank is indicated together with DMRS antenna ports.

Agreement
For length 2 TD-OCC (across consecutive DMRS symbols, if any) for DMRS of PDSCH/PUSCH for Rel.18 eType 1/2 DMRS, support
	TD-OCC index
	Wt(0)
	Wt(1)

	0
	+1
	+1

	1
	+1
	-1



Agreement
· For full-coherent PUSCH with rank 5-8, UE shall expect only one port PTRS to be configured.
· Down select from the following in RAN1#112:
· Alt.1: the size of PTRS-DMRS association field is 2bit in DCI format 0_1/0_2.
· FFS: Association with the CW with the higher MCS.
Table 7.3.1.1.2-25B: PTRS-DMRS association for UL PTRS port 0
	Value
	DMRS port

	0
	1st scheduled DMRS port with the CW with the higher MCS

	1
	2nd scheduled DMRS port the CW with the higher MCS

	2
	3rd scheduled DMRS port the CW with the higher MCS

	3
	4th scheduled DMRS port the CW with the higher MCS


· Alt.2: The size of PTRS-DMRS association field is 3bit in DCI format 0_1/0_2, and the following PTRS-DMRS association for UL PTRS port 0 is specified in TS38.212.
Table 7.3.1.1.2-25B: 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

	4
	5th scheduled DMRS port

	5
	6th scheduled DMRS port

	6
	7th scheduled DMRS port

	7
	8th scheduled DMRS port



Agreement
For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case, support the following rows of DMRS port combinations and Number of DMRS CDM group(s) without data.
· FFS: Antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH for M-TRP case.
Table 7.3.1.2.2-1-X: Antenna port(s) (1000 + DMRS port), dmrs-Type=eType1, maxLength=1
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

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

	0
	[1]
	[0]
	Cat. 1
	[0]
	[2]
	[0,1,2,3,8]
	[Rank 5-8 with one DMRS symbol]

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

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

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

	4
	2
	1
	
	
	
	
	

	5
	2
	2
	
	
	
	
	

	6
	2
	3
	
	
	
	
	

	7
	2
	0,1
	
	
	
	
	

	8
	2
	2,3
	
	
	
	
	

	9
	[2]
	[0-2]
	
	
	
	
	

	10
	[2]
	[0-3]
	
	
	
	
	

	11
	[2]
	[0,2]
	
	
	
	
	

	12
	[1]
	[8]
	Cat.2
	
	
	
	

	13
	[1]
	[9]
	
	
	
	
	

	14
	[1]
	[8,9]
	
	
	
	
	

	15
	2
	8
	
	
	
	
	

	16
	2
	9
	
	
	
	
	

	17
	2
	10
	
	
	
	
	

	18
	2
	11
	
	
	
	
	

	19
	2
	8,9
	
	
	
	
	

	20
	2
	10,11
	
	
	
	
	

	21
	[2]
	[8-10]
	
	
	
	
	

	22
	[2]
	[8-11]
	
	
	
	
	

	23
	[2]
	[8, 10],
[9, 11]
	
	
	
	
	

	24
	[1]
	[0,1,8]
	Cat.3
	
	
	
	

	25
	[1]
	[0,1,8,9]
	
	
	
	
	

	26
	2
	0,1,8
	
	
	
	
	

	27
	2
	0,1,8,9
	
	
	
	
	

	28
	2
	2,3,10
	
	
	
	
	

	29
	2
	2,3,10,11
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	





In this contribution, we present our views on increasing the number of orthogonal DMRS ports for MU-MIMO, and proposals for moving forward.

[bookmark: _Hlk114127746][bookmark: _Ref114132655][bookmark: _Ref52454871]Switching between DMRS Port(s) Associated with Different FD-OCC Length
In RAN1 #110 meeting, the following was agreed regarding switching between DMRS port(s) associated with different FD-OCC length.
	Agreement
[bookmark: _Hlk114131187]For increased DMRS ports for enhanced FD-OCC, study whether/how to support DCI based switching between DMRS port(s) associated with length 2 FD-OCC and DMRS port(s) associated with length M FD-OCC (where M > 2).



In RAN1 #110-bis-e meeting, this topic was discussed again without reaching an agreement.  Note that in RAN1 #110-bis-e, it was agreed that length 4 FD-OCC is applied to 4 REs of DMRS within a PRB or across consecutive PRBs within an CDM group. Therefore, in the following discussion, we assume M=4.  
Allowing switching between DMRS port(s) associated with length 2 FD-OCC and DMRS port(s) associated with length 4 FD-OCC will enable the Rel. 18 UE to switch between legacy FD-OCC mode and new/enhanced Rel. 18 mode.  When the Rel. 18 UE falls back to legacy FD-OCC mode with length 2 FD-OCC, it allows easy MU-MIMO pairing between Rel. 18 UEs and legacy UEs.  It also enables better performance for UEs in scenarios with large delay spread.  On the other hand, when the Rel. 18 UE is switched to new/enhanced Rel. 18 mode with length 4 FD-OCC, larger number of DMRS ports can be supported to enable higher MU-MIMO throughput.  Therefore, switching between DMRS port(s) associated with length 2 FD-OCC and DMRS port(s) associated with length 4 FD-OCC should be supported.  The question is: should RRC based switching or a faster/dynamic (e.g., DCI based) switching be supported? 
In our view, since the UE’s traffic in the network is dynamic, e.g., changing from slot to slot, a faster/dynamic (e.g., DCI based) switching is more appropriate.  With DCI based switching, if needed, a Rel. 18 UE can fall back to legacy FD-OCC mode quickly to pair with legacy UE(s), which would otherwise have no legacy UE to pair with and thus result in wasting of resources.  If needed, the Rel. 18 UE can then switch back quickly to new/enhanced Rel. 18 mode with FD-OCC length 4 to pair with other Rel. 18 UE(s) with FD-OCC length 4 to achieve higher MU-MIMO throughput.  On the other hand, if only RRC based switching is supported, the Rel. 18 UE will stay in either the new/enhanced Rel. 18 mode or legacy FD-OCC mode for a long time before a new RRC signaling instructs it to perform a mode switching, which will cause the Rel. 18 UE to miss the opportunity to pair with legacy UE(s) or Rel. 18 UE(s) in the new/enhanced Rel. 18 mode, respectively, resulting in waste of resources and lower MU-MIMO throughput.
Based on the above analysis, we propose the following:
[bookmark: _Hlk114132688]Proposal 1: For increased DMRS ports for enhanced FD-OCC, support DCI based switching between DMRS port(s) associated with length 2 FD-OCC and DMRS port(s) associated with length 4 FD-OCC.
Regarding how to perform DCI based switching, one way is to add a new bit indicating the mode of operation to the existing DCI message, e.g., a bit “0” indicating legacy FD-OCC mode with length 2, and “1” indicating new/enhanced Rel. 18 mode with FD-OCC length 4.
Based on the above analysis, we propose the following:
Proposal 2: For increased DMRS ports for enhanced FD-OCC, support introducing a new DCI field for dynamic switching between DMRS port(s) associated with length 2 FD-OCC and DMRS port(s) associated with length 4 FD-OCC.

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 #110-bis-e and RAN1 #111 meetings, this topic was discussed again without reaching an agreement.  As discussed in Section 2, DCI based switching between DMRS port(s) associated with length 2 FD-OCC and DMRS port(s) associated with length 4 FD-OCC should be supported.  With the support of this dynamic mode switching, when a Rel. 15 UE needs to be paired with a Rel. 18 UE within a CDM group for MU-MIMO, the Rel. 18 UE can quickly fall back to the legacy FD-OCC mode to pair with the Rel. 15 UE.  Therefore, in our opinion, for MU-MIMO within a CDM group, MU-MIMO between Rel. 15 DMRS ports and Rel. 18 DMRS ports for PDSCH is not needed.
Based on the above analysis, we propose the following:
Proposal 3: For MU-MIMO within a CDM group, MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports for PDSCH is not supported. 

Rel.18 DMRS Ports Indication and Signaling
In RAN1 #111 meeting, the following was discussed regarding Rel. 18 DMRS ports indication and signaling.
	Agreement
· [bookmark: _Hlk126320017]For the antenna ports indication in Rel.18 eType1/eType2 DMRS ports with maxLength = 1/2 for PDSCH, all of the following port combinations can be indicated:
· Cat. 1) Legacy port indexes (eType 1: p=0~7, eType 2: p=0~11)
· Cat. 2) New port indexes (eType 1: p=8~15, eType 2: p=12~23)
· Cat. 3) Legacy port indexes and New port indexes at least within a CDM group at least for maxLength=1 (eType 1: up to 4 ports from {0, 1, 8, 9} and/or up to 4 ports from {2, 3, 10, 11}, eType 2: up to 4 ports from {0, 1, 12, 13} and/or up to 4 ports from {2, 3, 14, 15} and/or up to 4 ports from {4, 5, 16, 17}) at least for S-TRP case,
· For up to 4 ranks, only one CDM group is used per UE. For larger than 4 ranks, more than one CDM groups can be used per UE.
· [bookmark: _Hlk126319322]FFS: Whether to increase the size of antenna ports field in DCI format 1_1/1_2, or introduce new DCI field for antenna ports indication, or not.
· FFS: Whether the new antenna port(s) table is specified or not.
· FFS: MU restrictions for certain entries. e.g., DMRS ports = {0,2}, or {8,10}, etc.
· FFS: Cat.3 for M-TRP case.
· Note: DMRS port index for PDSCH is determined by p +1000

Agreement
For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case, support the following rows of DMRS port combinations and Number of DMRS CDM group(s) without data.
· FFS: Antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH for M-TRP case.
……
(Table omitted)



[bookmark: _Hlk126320124]As indicated in the agreements, it remains to decide whether to increase the size of antenna ports field in DCI format 1_1/1_2, or introduce new DCI field for antenna ports indication, or not.  As can be observed from the newly defined table showing the rows of DMRS port combinations and number of DMRS CDM group(s), it is obvious that in order to indicate the Cat. 2 and Cat. 3 port combinations in addition to the Cat. 1 port combinations, more rows are needed in the new table than in the legacy table (e.g., Tables 7.3.1.2.2-1/2/3/4 and Tables 7.3.1.2.2-1A/2A/3A/4A in TS 38.212 [3]).  In our opinion, one simple solution is to increase the size of the antenna ports field in DCI format 1_1/1_2, e.g., by 1 bit.
Based on the above analysis, we propose the following:
Proposal 4: For the antenna ports indication in Rel.18 eType1/eType2 DMRS ports with maxLength = 1/2 for PDSCH, support increasing the size of the antenna ports field in DCI format 1_1/1_2 by 1 bit.

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 increased DMRS ports for enhanced FD-OCC, support DCI based switching between DMRS port(s) associated with length 2 FD-OCC and DMRS port(s) associated with length 4 FD-OCC.
Proposal 2: For increased DMRS ports for enhanced FD-OCC, support introducing a new DCI field for dynamic switching between DMRS port(s) associated with length 2 FD-OCC and DMRS port(s) associated with length 4 FD-OCC.
Proposal 3: For MU-MIMO within a CDM group, MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports for PDSCH is not supported. 
Proposal 4: For the antenna ports indication in Rel.18 eType1/eType2 DMRS ports with maxLength = 1/2 for PDSCH, support increasing the size of the antenna ports field in DCI format 1_1/1_2 by 1 bit.
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