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Introduction
In RAN1#110 e-meeting, Rel-18 DMRS enhancement was discussed with the following agreements:
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

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 further discuss the details for DMRS enhancement in Rel-18 based on some evaluation results.
Discussion
1.1. Enhancement for more orthogonal DMRS ports
In previous meeting, larger FD-OCC length was agreed as working assumption for Rel-18 DMRS enhancement to support more orthogonal DMRS ports. However, some companies raised the issue of potential performance loss of FD-OCC in large delay spread scenario. In this section, we further evaluate the performance of FD-OCC with larger length and TDM/TD-OCC in large delay spread scenario (300ns delay spread) for type 1 and type 2 DMRS. For FD-OCC, length-4 OCC in a legacy CDM group is evaluated (with one additional DMRS). TDM/TD-OCC between front-load and additional DMRS is also evaluated. For pre-coding assumption of co-scheduled interference UEs, Alt.2 (random precoder from a predefined set) is applied for our evaluation. A precoder set with low correlation with target UE is used, with a power offset of -6dB. The results can be found in Fig.1-Fig2.
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Fig.1: DMRS enhancement with additional DMRS for type 1 DMRS
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Fig.2: DMRS enhancement with additional DMRS for type 2 DMRS
From the results, we can observe that even with large delay spread (300ns), the performance of FD-OCC4 and TDM/TD-OCC is similar. 
Observation 1: TDM/TD-OCC cannot provide performance gain over FD-OCC even with large delay spread.
Proposal 1: Confirm the working assumption that Opt.1 (FD-OCC) is supported to increase the number of DMRS ports for PDSCH/PUSCH.
Proposal 2: For two symbols DMRS, enhancement on single symbol DMRS can be reused for each symbol.
For the length of FD-OCC for Rel-18 DMRS, two lengths 4 and 6 can be considered. The benefit of length 6 OCC is that channel estimation can be performed per PRB for type 1 DMRS. No potential scheduling restriction is needed. On the contrary, length 4 OCC has the following advantages:
· Potentially better performance in large delay spread scenarios. Since length 6 OCC would span more subcarriers and larger frequency range, the performance loss due to frequency selective fading would be more significant. 
· For length 4 OCC, the OCC code based on Walsh code only includes elements of +1 and -1. But for length 6 OCC, the OCC code usually include other elements other than BPSK elements. This may introduce additional UE complexity. 
· For type 2 DMRS, it was agreed that length 4 FD-OCC would be applied. If the same OCC is also applied for type 1 DMRS, a unified design would simplify the UE implementation and standardization effort. 
Considering the above aspects, length 4 FD-OCC is proposed to be applied to both type 1 and type 2 DMRS. Furthermore, the OCC code below used by CSI-RS (based on Walsh code) can be simply reused for DMRS.
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Proposal 3: For Rel.18 type 1 and type 2 DMRS, support length 4 FD-OCC and the OCC code for CSI-RS (based on Walsh code) can be reused for DMRS.
In the past meeting, it was also discussed that whether DCI based dynamic switching between Rel-15 DMRS and Rel-18 DMRS needs to be supported. From network perspective, dynamic switching may provide additional flexibility to multiplex a Rel-18 UE with a Rel-15 UE. However, multiplexing among Rel-15 UEs and Rel-18 UEs within a CDM group can also be achieved via appropriate port indication even without dynamic switching. For example, a Rel-15 UE with OCC [+1 +1] can be multiplexed with a Rel-18 UE with OCC [+1 -1 +1 -1] or [+1 -1 -1 +1], and a Rel-15 UE with OCC [+1 -1] can be multiplexed with a Rel-18 UE with OCC [+1 +1 +1 +1] or [+1 +1 -1 -1]. For a Rel-18 UE, Rel-18 DMRS with longer OCC would not significantly increase the UE complexity compared to Rel-15 DMRS. In this case, we don’t see the need to introduce dynamic switching between Rel-15 DMRS and Rel-18 DMRS.
Proposal 4: DCI based switching between Rel-15 DMRS and Rel-18 DMRS is unnecessary. 
1.2. Uplink DMRS to support 4 and more layers per UE
In Rel-15, up to two PTRS ports were supported for uplink 4 ports transmission. For 8 ports transmission in Rel-18, whether more PTRS ports should be introduced needs further study. The following aspects should be considered regarding this issue:
· PTRS ports would occupy different subcarriers in many OFDM symbol. That is, the overhead of 4 PTRS ports would double that of 2 PTRS ports. 
· Two non-coherent antenna groups can share the same PTRS ports. In Rel-15, even 4Tx non-coherent UE only supports at most 2 PTRS ports.
· The required number of PTRS ports may depended on the antenna architecture. Considering the advanced UE with 8 Tx ports is not likely to introduce more oscillators, more PTRS ports needs to be justified. 
· Similar to Rel-15 downlink PTRS, only single symbol DMRS is supported when UL PTRS is configured. In this case, based on Rel-15 DMRS, only maximal 6 layers transmission can be supported with PTRS.  
In this stage, we think current two PTRS ports are sufficient to support uplink 8 ports transmission. However, since more antenna groups and more DMRS ports are introduced in Rel-18, the PTRS-DMRS association and PTRS power boosting should be extended to support Ng=2/4 and up to 8 layers transmission.
· In Rel-15, only two antenna groups are supported for partial-coherent codebook. In Rel-18, at least Ng=2,4 need to be supported. The PTRS power boosting would be different with different number of antenna groups, to ensure constant power across symbols in each antenna. For example, with RRC configuration “00”, for Ng=2 and Rank=4, the power boosting would be 3/6 dB for Qp=1/2 PTRS ports, while for for Ng=4 and Rank=4, the power boosting would be 0/3 dB for Qp=1/2 PTRS ports.
· If UE supports up to 8 layers transmission, the PTRS-DMRS association and PTRS power boosting should also be extended for case of >4 layers transmission. For Rel-15 DMRS, 5-6 layers should be considered, while for Rel-18 DMRS, 5-8 layers should be considered. 
Proposal 5: Support up to 2-port UL PTRS for 8 port transmission in FR2. The PTRS-DMRS association and PTRS power boosting should be extended to support Ng=2/4 and up to 6/8 layers transmission.
More than 4 layers transmission can be supported via Rel-15 and/or Rel-18 DMRS. Considering Rel-18 DMRS enhancement (longer FD-OCC) is separate UE capability, more than 4 DMRS ports based on Rel-15 DMRS needs to be supported. To minimize the standardization impact, the DMRS ports for Rel-15 downlink DMRS can be reused to support more than 4 UL DMRS ports based on Rel-15 DMRS type 1 and type 2. For uplink 8 ports transmission, if the RI is joint encoded with TPMI as legacy, separate tables can be introduced to support DMRS port indication for rank 5,6,7,8. If TPMI is separately encoded, the rank can be jointly indicated with DMRS ports as in downlink. In this case, the DL DMRS port indication table can be reused as much. 
If Rel-18 DMRS with longer FD-OCC can also be used to support rank>4, new DMRS indication tables should be introduced with more DMRS port combinations based on Rel-18 DMRS. Considering Rel-18 DMRS enhancement is optional UE capability, separate tables should be used for Rel-15 DMRS and Rel-18 DMRS, and which table to use can be configured by RRC.
Proposal 6: The DMRS ports for Rel-15 downlink DMRS can be reused to support more than 4 UL DMRS ports based on Rel-15 DMRS.
Proposal 7: If Rel-18 DMRS with longer FD-OCC is also used to support rank>4, separate tables are used for Rel-15 DMRS and Rel-18 DMRS.
Conclusion
In this contribution, we discuss the evaluation assumption and potential solutions for Rel-18 DMRS enhancement. We also provide some initial evaluation results for different solutions. In summary, we have the following proposals for study of Rel-18 DMRS:
Proposal 1: Confirm the working assumption that Opt.1 (FD-OCC) is supported to increase the number of DMRS ports for PDSCH/PUSCH.
Proposal 2: For two symbols DMRS, enhancement on single symbol DMRS can be reused for each symbol.
Proposal 3: For Rel.18 type 1 and type 2 DMRS, support length 4 FD-OCC and the OCC code for CSI-RS (based on Walsh code) can be reused for DMRS.
Proposal 4: DCI based switching between Rel-15 DMRS and Rel-18 DMRS is unnecessary. 
Proposal 5: Support up to 2-port UL PTRS for 8 port transmission in FR2. The PTRS-DMRS association and PTRS power boosting should be extended to support Ng=2/4 and up to 6/8 layers transmission.
Proposal 6: The DMRS ports for Rel-15 downlink DMRS can be reused to support more than 4 UL DMRS ports based on Rel-15 DMRS.
Proposal 7: If Rel-18 DMRS with longer FD-OCC is also used to support rank>4, separate tables are used for Rel-15 DMRS and Rel-18 DMRS.
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Appendix
Table 1: Simulation assumption for more orthogonal DMRS ports. 
	Parameter
	Assumption

	Carrier Frequency
	4GHz

	Bandwidth
	20MHz

	Subcarrier spacing
	30KHz

	UE bandwidth
	8 PRBs

	Number of UE antennas 
	(M, N, P, Mg, Ng, Mp, Np) = (1,2,2,1,1,1,2) 
(dH, dV) = (0.5, 0.5) λ,

	Number of gNB antennas
	(M, N, P, Mg, Ng, Mp, Np) = (8,8,2,1,1,2,8),
(dH,dV) = (0.5, 0.8)λ

	Channel Model
	CDL-C 300ns

	UE speed
	3km/h

	MU assumption
	The other DMRS ports in the same CDM group are occupied by other UEs.
Maximal 3 interference UEs

	Rank
	1

	DMRS configuration
	Single symbol DMRS with 1 additional DMRS symbol

	Precoding 
	CSI codebook based sub-band precoding (with 4PRB precoding granularity) on ideal CSI feedback.

	Metric
	Throughput
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