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Introduction
In RAN1 #110, the following agreements on DMRS enhancement have been achieved.
	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).
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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

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.

Agreement
For support of more than 4 layers SU-MIMO PUSCH, study the following potential enhancements for PTRS-DMRS association. 
· Whether to support more than 2-port UL PTRS.
· Whether to increase the DCI size of PTRS-DMRS association field in DCI format 0_1/0_2.

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).

Agreement
For > 4 layers PUSCH, support rank = 5,6,7,8 for both DMRS type 1/2, and for both single-symbol/double-symbol DMRS.




In this contribution, we provide some discussion on DMRS enhancement.
Discussion
DMRS structure
In RAN1 #110, the following working assumption on DMRS enhancement was achieved, where larger FD-OCC is introduced to create more DMRS ports.
	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).




Larger FD-OCC can create more orthogonal DMRS antenna ports. One potential issue is that larger FD-OCC may not provide good performance for larger subcarrier spacing, e.g., 120kHz, and larger delay spread case. However, larger subcarrier spacing is only applicable for higher band, e.g. FR2, which does not require so many orthogonal DMRS ports. Larger delay spread could happen, but for such UEs, the possibility to support higher-order MU-MIMO could be low. The channel could be so frequently selective that it is hard to find out a few good pairing UEs. Thus, the working assumption can be confirmed. 
Proposal 1: Confirm the working assumption to support larger FD-OCC length.
FD-OCC length
In RAN1 #110, two alternatives on FD-OCC length were agreed for down-selection as follows:
	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




The two candidate alternatives are FD-OCC-4 and FD-OCC-6. Compared to FD-OCC-4, FD-OCC-6 requires smaller subcarrier spacing. In addition, the DMRS ports with FD-OCC-6 could not be always orthogonal to legacy DMRS. Thus, FD-OCC-4 is preferred, which can also be a unified design for DMRS type1 and DMRS type2.
Proposal 2: Support FD-OCC-4 based DMRS extension.
Dynamic FD-OCC despreading
For FD-OCC-4 based DL DMRS, the UE could apply FD-OCC-1, FD-OCC-2 or FD-OCC-4 despreading, which depends on the allocated DMRS port(s) for the co-scheduled UE(s). One possible way is to support dynamic switching between Rel-18 and Rel-15 DMRS. However, such dynamic switching cannot provide enough information to the UE on whether to choose FD-OCC-1 or FD-OCC-2 based despreading. Therefore, it is unnecessary to support dynamic switching between Rel-15 DMRS and Rel-18 DMRS, i.e. eType1/eType2 DMRS. 
To assist FD-OCC despreading, a better way is to introduce some indication to let UE aware the recommended FD-OCC despreading length. Such indication should be based on the indicated DMRS ports. When more than 2 ports in a CDM group are allocated for a UE, the UE has to apply FD-OCC-4 based despreading. When only 1 port in a CDM group is allocated for a UE, the UE may apply FD-OCC-1, FD-OCC-2 or FD-OCC-4 based despreading, which depends on the status for the co-scheduled UE(s). Therefore, the recommended FD-OCC despreading length can be jointed indicated with the DMRS ports.
Proposal 3: Support to switch the Rel-15 Type1/Type2 DMRS and Rel-18 eType1/eType2 DMRS by RRC.
Proposal 4: Support to jointly indicate the recommended FD-OCC despreading length and antenna ports for DL DMRS.
Orphan RE handling
For FD-OCC-4 based DMRS type1, when odd number of consecutive RBs in a PRG is scheduled, there can be some orphan REs without another two REs for FD-OCC-4 operation as shown in Figure 1.
[image: ]
Figure 1: Orphan REs when 3 consecutive RBs are allocated within a PRG
Some advanced UEs can decode the orphan REs by despreading the FD-OCC-4 with another 2 REs in previous FD-OCC-4 group. However, such could increase the UE complexity quite a lot, and may also cause performance degradation. Therefore, one possible way is not to transmit the DMRS in orphan REs. For uplink side, as the gNB may apply FD-OCC-2 or FD-OCC-1 based despreading, there could be no orphan REs issue. But when the gNB schedules higher MU-MIMO order, it may have to apply FD-OCC-4 despreading, then the gNB may not be able to decode the orphan REs. Thus, the gNB can configure the UE not to transmit the DMRS in orphan REs by the scheduling DCI. In addition, when the orphan REs are not available for DMRS, the REs with the same subcarrier indexes as the orphan REs should not be available for the PT-RS.
Proposal 5: For DL DMRS, the DMRS in orphan REs should not be transmitted.
Proposal 6: For UL DMRS, support the gNB to indicate whether the DMRS in orphan REs should be transmitted or not by the scheduling DCI.
Proposal 7: When the orphan REs are not available for DMRS, the REs with the same subcarrier indexes as the orphan REs should not be available for the PT-RS.

Conclusion
In this contribution, we provided discussion on DMRS enhancement. Based on the discussion, the following proposals have been achieved.
Proposal 1: Confirm the working assumption to support larger FD-OCC length.
Proposal 2: Support FD-OCC-4 based DMRS extension.
Proposal 3: Support to switch the Rel-15 Type1/Type2 DMRS and Rel-18 eType1/eType2 DMRS by RRC.
Proposal 4: Support to jointly indicate the recommended FD-OCC despreading length and antenna ports for DL DMRS.
Proposal 5: For DL DMRS, the DMRS in orphan REs should not be transmitted.
Proposal 6: For UL DMRS, support the gNB to indicate whether the DMRS in orphan REs should be transmitted or not by the scheduling DCI.
Proposal 7: When the orphan REs are not available for DMRS, the REs with the same subcarrier indexes as the orphan REs should not be available for the PT-RS.
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