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Introduction
[bookmark: _Ref494215420]In RAN1#110 meeting, RAN1 had an extensive discussion on increasing the maximum number of DMRS ports for PDSCH/PUSCH larger than Rel-15 for CP-OFDM [1]. During the meeting, some important agreements have been achieved.
In this contribution, we provide our view on the detailed design issues of Rel-18 DMRS ports.

Discussion
In the last meeting, larger FD-OCC was supported to increase the number of DMRS ports for PDSCH/PUSCH. The corresponding Working Assumption and agreement can be found below,
	Working Assumption
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 enhanced FD-OCC length for DMRS of PDSCH/PUSCH, support the following FD-OCC length:
· For Rel.18 DMRS type 1, down select from the following in RAN1#110bis-e:
· Opt.1-1: Length 6 FD-OCC is applied to 6 REs of DMRS within a PRB within an CDM group
· 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
· For Rel.18 DMRS type 2:
· Length 4 FD-OCC is applied to 4 REs of DMRS within a PRB within an CDM group
· FFS: Support of length 6 FD-OCC


Based on the simulation results and companies’ views provided during the last meeting, FD-OCC scheme was preferred by most companies since it has more applicable scenarios and better performance except for the large delay spread. Regarding the performance loss in case of large delay spread scenario, there’s an FFS on whether to support another option to handle it. In our views, we don’t think another option is needed. First of all, based on the simulation result, there’s no consensus on whether the performance loss between FD-OCC and FDM is large enough to support both schemes. Besides, if multiple schemes are supported, it will bring additional issues on whether/how to support MU scheduling between DMRS ports from different schemes. In summary, supporting multiple schemes will complicate the specification and also increase the work load too much. 
For the first FFS in the WA, since it has been addressed by the second agreement, we suggest to remove it. Therefore, we propose to confirm the WA with the following update.
Proposal 1: Confirm the Working Assumption 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).
Regarding the enhanced FD-OCC length for Rel.18 DMRS, length 4 is a natural choice since the maximum number of orthogonal cover codes is 4, which is the same as the number of DMRS ports within a CDM group. For the DMRS port with length 6 FD-OCC, based on the simulation results provided during the last meeting, it has been observed that larger FD-OCC length will cause worse performance in large delay spread scenarios. Therefore, for Rel.18 DMRS type 1, Opt.1-2 is preferred.
Proposal 2: For enhanced FD-OCC length for DMRS type 1, support length 4 (Opt.1-2).
For Rel.18 DMRS type 2, since length 4 FD-OCC has been supported, we think consider additional FD-OCC length other than length 4 is not needed.
The illustration of length 4 FD-OCC solution can be found in Figure 2-1 as below,
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(a) DMRS type 1                                     (b) DMRS type 2
Figure 2-1. FD-OCC4 solution for DMRS type 1 and 2.
Regarding MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports, RAN1 has agreed the following,
	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).
· 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.


MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports by different CDM groups has been supported with no scheduling restriction. For MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports within a CDM group, we think it will bring additional scheduling flexibility. 
In order to enable MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports within a CDM group, some scheduling restriction is needed to guarantee that the UE using Rel.15 DMRS can perform channel estimation with legacy algorithm. Which means although the co-scheduled UE is actually using Rel.18 DMRS, the UE using Rel.15 DMRS can assume that the co-scheduled UE is also using Rel.15 DMRS. Similarly, the UE using Rel.18 DMRS can assume that the co-scheduled UE is also using Rel.18 DMRS. In summary, MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports within a CDM group can be achieved by scheduling restriction at gNB and does not require additional enhancement for legacy UEs and Rel.18 UEs. 
Observation 1: MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports within a CDM group can be achieved by scheduling restriction at gNB side and does not require additional enhancement for legacy UEs and Rel.18 UEs.
Specifically, for MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports within a CDM group, only the FD-OCC sequences [+1 +1 +1 +1] and [+1 -1 +1 -1] can be used for UE scheduled with Rel.18 DMRS. For example, if a UE is scheduled with Rel.15 DMRS using FD-OCC [+1 +1], another UE can be co-scheduled with Rel.18 DMRS using FD-OCC [+1 -1 +1 -1].
Proposal 3: For MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports within a CDM group, only the FD-OCC sequences [+1 +1 +1 +1] and [+1 -1 +1 -1] can be used for UE scheduled with Rel.18 DMRS.
Regarding the potential enhancement of DCI based switching between DMRS port(s) associated with different FD-OCC length, it is agreed to further study.
	Agreement
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).


We can support it in principle. Usually, DL data for each UE arrives randomly in time, thus the number of MU layers may change dynamically. If the number of MU layer is small, gNB can schedule the UE with DMRS associated with smaller FD-OCC length for better channel estimation performance. 
In addition, if a UE supports both eMBB service and URLLC service, gNB can schedule the UE with DMRS associated with larger FD-OCC length for higher throughput or DMRS associated with smaller FD-OCC length for better reliability, if needed.
Proposal 4: Support DCI based switching between DMRS port(s) associated with different FD-OCC length.
Another aspect is DMRS enhancement for more than 4 layers SU-MIMO for PUSCH. During the last meeting, the main argument is whether to utilize Rel.15 DMRS ports or Rel.18 enhanced DMRS ports. In our views, for more than 4 layers SU-MIMO for PUSCH, Rel-15 DMRS for DL should be considered as baseline. We are open to consider Rel-18 DMRS as well. 
Proposal 5: For more than 4 layers SU-MIMO PUSCH, at least Rel.15 DMRS ports can be used.

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: Confirm the Working Assumption 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).
Proposal 2: For enhanced FD-OCC length for DMRS type 1, support length 4 (Opt.1-2).
Observation 1: MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports within a CDM group can be achieved by scheduling restriction at gNB side and does not require additional enhancement for legacy UEs and Rel.18 UEs.
Proposal 3: For MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports within a CDM group, only the FD-OCC sequences [+1 +1 +1 +1] and [+1 -1 +1 -1] can be used for UE scheduled with Rel.18 DMRS.
Proposal 4: Support DCI based switching between DMRS port(s) associated with different FD-OCC length.
Proposal 5: For more than 4 layers SU-MIMO PUSCH, at least Rel.15 DMRS ports can be used.
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