[bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: _GoBack]3GPP TSG RAN WG1 #111   										 	  R1-2212349
Toulouse, France, November 14th – 18th, 2022

[bookmark: Source][bookmark: OLE_LINK11][bookmark: OLE_LINK12]Agenda item:	9.1.3.1
Source:	NEC
Title:               	Discussion on increased number of orthogonal DMRS ports
[bookmark: DocumentFor]Document for:	Discussion and Decision

1 Introduction
Larger number of orthogonal DMRS ports for downlink and uplink was agreed to be specified. And in RAN1#110bis-e meeting [1], agreements were achieved as:
Agreement
For enhanced FD-OCC length for DMRS of PDSCH/PUSCH for Rel.18 eType 1 DMRS, support
· Opt.1-2: Length 4 FD-OCC is applied to 4 REs of DMRS within a PRB or across consecutive PRBs within an CDM group
Agreement
Confirm the working assumption in RAN1#110 with the following update: 
To increase the number of DMRS ports for PDSCH/PUSCH, support at least Opt.1 (introduce larger FD-OCC length than Rel.15 (e.g. 4 or 6)). 
· FFS: FD-OCC length for Rel.18 DMRS type 1 and type 2. 
· FFS: Whether it is needed to handle potential performance issues of Opt 1. For example, study if there is performance loss in case of large delay spread scenario. If needed, how (e.g. additionally support other options). 

Agreement
For FD-OCC length 4 for DMRS of PDSCH/PUSCH for Rel.18 eType 1/eType 2 DMRS, support one from the following FD-OCCs (to be selected in RAN1#111): 
· Opt.1-1: Walsh matrix (Hadamard code): 
	FD-OCC index 
	wf(0) 
	wf(1) 
	wf(2) 
	wf(3) 

	0 
	+1 
	+1 
	+1 
	+1 

	1 
	+1 
	-1 
	+1 
	-1 

	2 
	+1 
	+1 
	-1 
	-1 

	3 
	+1 
	-1 
	-1 
	+1 


· Opt.1-2: Cyclic shift with {0, π, π/2, 3π/2}: 
	FD-OCC index 
	wf(0) 
	wf(1) 
	wf(2) 
	wf(3) 

	0 
	+1 
	+1 
	+1 
	+1 

	1 
	+1 
	-1 
	+1 
	-1 

	2 
	+1 
	+j 
	-1 
	-j 

	3 
	+1 
	-j 
	-1 
	+j 


Agreement
For FD-OCC length 4 in Rel.18 eType 1 DMRS for PDSCH, support the following: 
· Introduce UE capability to report whether UE can be scheduled PDSCH without the scheduling restriction for FD-OCC length 4 in Rel.18 eType 1 DMRS. 
· If this capability is not supported by the UE, UE expects that gNB shall apply the scheduling restriction for PDSCH for FD-OCC length 4 in Rel.18 eType 1 DMRS.
· The scheduling restriction above means satisfying all of the following at least for other than M-TRP PDSCH transmission with FDM 2a or FDM 2b scheme. 
· 1) The number of consecutively scheduled PRBs for PDSCH is even.
· 2) The number of PRBs offset of scheduled PDSCH from point A (common resource block 0) is even.
· 3) FFS: Restriction on scheduling of different UEs in case of MU-MIMO.
· FFS: Scheduling restriction for M-TRP PDSCH transmission with FDM 2a or FDM 2b scheme.
· Note1: Up to UE how to implement DMRS channel estimation.
· Note2: No further RAN1 specification enhancement is introduced to handle the orphan REs (e.g. if the total number of REs of DMRS in a CDM group is not multiples of 4, how to handle the remainder of REs) for UE that is scheduled PDSCH without the scheduling restriction.
· Note 3: Other scheduling restrictions, if identified in future meetings, are not precluded.
In this contribution, we provided our views on increased number of orthogonal DMRS ports.
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One remaining issue is that the length-4 FD-OCC sequence, it was proposed that cyclic shift based sequence can be beneficial for time domain filter. And the granularity of π/2 is also sufficient to resist TTL error. So we prefer Opt 1-2 (Cyclic shift based) sequence design for FD-OCC.
Proposal 1: Support cyclic shift based length-4 FD-OCC sequence (Opt.1-2: Cyclic shift with {0, π, π/2, 3π/2}).
Regarding the scheduling restriction for orphan REs, we think the two conditions 1) The number of consecutively scheduled PRBs for PDSCH is even and 2) The number of PRBs offset of scheduled PDSCH from point A (common resource block 0) is even are sufficient, and this should also be applied for FDM scheme 2a and 2b, i.e. the number of PRBs offset of scheduled PDSCH associated with one TCI state from point A (common resource block 0) is even.
Proposal 2: Scheduling restriction is applied for scheduled PDSCH associated with each one TCI state.
For downlink transmission, at least for some advanced UEs, interference cancellation can be processed based on assumption of DMRS ports for other co-scheduled UEs. In this case, the number of orthogonal DMRS ports based on FD-OCC to be 2 or 4 may have impact on the performance, similar as LTE. While for uplink transmission, as the scheduling is based on network, so there is no need to indicate the length of FD-OCC. So we think dynamic indication of the length of FD-OCC should be supported.
Proposal 3: Support of DCI based indication of the FD-OCC length to UE for downlink.
And in last meeting, schemes were identified for DMRS port indication.  Considering the flexibility and DCI overhead, we think scheme A (extending the DMRS table, and the DMRS table includes existing rows and additional rows for Rel-18 DMRS ports) is a good way. 
Proposal 4: For DMRS port indication, support a new table including existing rows and indications for Rel-18 DMRS ports.
3 Conclusion
In this contribution, we provided our views on increased number of orthogonal DMRS ports, and we have the following proposals:
Proposal 1: Support cyclic shift based length-4 FD-OCC sequence (Opt.1-2: Cyclic shift with {0, π, π/2, 3π/2}).
Proposal 2: Scheduling restriction is applied for scheduled PDSCH associated with each one TCI state.
Proposal 3: Support of DCI based indication of the FD-OCC length to UE for downlink.
considered.
Proposal 4: For DMRS port indication, support a new table including existing rows and indications for Rel-18 DMRS ports.
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