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Introduction
[bookmark: _Ref494215420]In RAN1#109 meeting, it has been agreed to specify to increase the maximum number of DMRS ports for PDSCH/PUSCH larger than Rel-15 for CP-OFDM [1]. The basic principle is that the maximum number of enhanced DMRS ports in Rel-18 is doubled from Rel-15 DMRS ports. The corresponding agreements are listed as below,
	Agreement
· Specify to increase the max. number of DMRS ports for PDSCH/PUSCH larger than Rel.15 for CP-OFDM without increasing the DMRS overhead.
· Strive to have common design of DMRS enhancement for PDSCH and PUSCH for a given DMRS Type.
Agreement
· The maximum number of enhanced DMRS ports in Rel.18 is doubled from Rel.15 DMRS ports:
· For DMRS type 1, the max. number of enhanced DMRS ports in Rel.18 for PDSCH/PUSCH is
· Single symbol DMRS: 8 DMRS ports.
· Double symbol DMRS: 16 DMRS ports.
· For DMRS type 2, the max. number of enhanced DMRS ports in Rel.18 for PDSCH/PUSCH is
· Single symbol DMRS: 12 DMRS ports.
· Double symbol DMRS: 24 DMRS ports.


In this contribution, we provide our view on the detailed design of Rel-18 DMRS ports.

Discussion
Before going into details, the most important issue is which multiplexing scheme(s) should be adopted to increase the DMRS ports. During the last meeting, 5 options were proposed as candidate schemes which can be found below,
	Agreement
· To increase the number of DMRS ports for PDSCH/PUSCH, evaluate and, if needed, specify one or more from the following options:
· Opt.1 (enhance FD-OCC): Introduce larger FD-OCC length than Rel.15 (e.g. 4 or 6).
· Study aspect includes potential performance degradation in large delay spread, potential scheduling restriction, backward compatibility.
· Opt.2 (enhance TD-OCC): Utilize TD-OCC over non-contiguous DMRS symbols (e.g. TD-OCC across front/additional DMRS symbols)
· Study aspect includes potential performance degradation in high UE velocity, potential scheduling restriction (e.g. how to apply freq. hopping), potential DMRS configuration restriction (e.g. restriction of the number of additional DMRS), backward compatibility.
· Opt.3 (Sparser frequency allocation): increase the number of CDM groups (e.g. larger number of comb/FDM).
· Study aspect includes potential performance degradation in large delay spread, backward compatibility.
· Opt.4 (using TDMed DMRS symbol): reusing additional DMRS symbols to increase orthogonal DMRS ports
· Study aspect includes potential performance degradation in high UE velocity, potential DMRS configuration restriction (e.g. restriction of the number of additional DMRS), backward compatibility. 
· Opt.5 TD-OCC over non-contiguous DMRS symbols combined with FD-OCC or FDM: reusing additional DMRS symbol(s) to improve channel estimation performance.
· Study aspect includes potential performance degradation in high UE velocity, potential scheduling restriction (e.g. how to apply freq. hopping), potential DMRS configuration restriction (e.g. restriction of the number of additional DMRS), backward compatibility.
· The same option can be applied to both single symbol DMRS and double symbol DMRS.


Based on the WID, the target of DMRS enhancement is to increase multiplexing capacity. In other words, more UEs can be scheduled on the same time-frequency resource. 
Regarding the 5 options, TDM and TD-OCC (corresponding to option 2/4/5) are not preferred due to the following reasons: (1) UE should be always scheduled with additional DMRS symbols. (2) Further enhancements should be discussed due to frequency hopping. (3) Performance cannot be guaranteed for large Doppler spread. For FDM and FD-OCC, we support to adopt only one of them. 
For FDM solution, in each new CDM group, the RE pattern for each antenna port remains comb structure. The illustration of the FDM solution can be found in Figure 2-1 and Figure 2-2 as below. 
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(a) Current CDM groups vs. (b) New CDM groups
Figure 2-1. FDM solution for DMRS Type 1.
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(a) Current CDM groups vs. (b) New CDM groups
Figure 2-2. FDM solution for DMRS Type 2.
For FD-OCC solution which is to introduce FD-OCC code for each of the current CDM group. For DMRS Type 2, there are 4 REs within a PRB for each CDM group, it is straight forward to apply the length-4 FD-OCC. While for DMRS Type 1, there are 6 REs within a PRB for each CDM group. Therefore, it is not possible to apply length-4 FD-OCC within a PRB. The possible way is to divide the REs of a pair of PRBs for each CDM group into 3 RE groups. The length-4 FD-OCC can be applied to the 4 REs within each RE group. The illustration of the FD-OCC4 solution can be found in Figure 2-3 and Figure 2-4 as below
 [image: ]                         [image: ][image: ]
(a) FD-OCC2 vs. (b) FD-OCC4
Figure 2-3. FD-OCC4 solution for DMRS Type 1.
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(a) FD-OCC2 vs. (b) FD-OCC4
Figure 2-4. FD-OCC4 solution for DMRS Type 2.
From signaling perspective, both FDM and FD-OCC will increase the bit length of antenna port(s) field in DCI. Comparing with FD-OCC solution, FDM solution will introduce more CDM groups. For the same DMRS port combination, more candidate values will be added into the antenna port(s) table to indicate different number of CDM group(s) without data. 
Proposal 1: For DMRS enhancement, support either FDM solution or FD-OCC solution.

	Agreement
· To increase the max. number of DMRS ports for PDSCH/PUSCH compared to Rel.15 DMRS for CP-OFDM without increasing the DMRS overhead,
· Study whether/how to enable MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports, as well as whether/how to enable MU-MIMO among Rel.18 DMRS ports, in the same or different CDM group.


Regarding the support of MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports, we think it’s a backward compatibility related issue. It’s an important feature to guarantee high network throughput as well as low scheduling latency. Otherwise, if this feature is not supported and both Rel.15 UEs and Rel.18 UEs need to be scheduled, gNB has to schedule Rel.15 UEs and Rel.18 UEs at different time.
Proposal 2: Support MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports.
Regarding how to enable MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports, it should be discussed separately for different schemes. For FDM solution, the legacy UE and Rel-18 UE can be scheduled with antenna ports from different CDM groups. For example, according to Figure 2-1, when a Rel-18 UE is scheduled with DMRS ports from Rel-18 CDM group with index 2, a Rel-15 UE can be co-scheduled with DMRS ports from Rel-15 CDM group with index 1. For FD-OCC solution, the legacy UE and Rel-18 UE can also be scheduled with antenna ports from different CDM groups. Besides, the FD-OCC sequences [+1 +1 +1 +1] and [+1 -1 +1 -1] can be used for legacy UE by legacy signaling.

	Agreement
· To increase the max. number of orthogonal DMRS ports for PDSCH/PUSCH larger than Rel.15
· Study whether/how to support DCI-based dynamic antenna ports indication of Rel.18 DMRS ports and/or Rel.15 DMRS ports.
· Study whether/how to reuse the antenna port indication table in 38.212 as much as possible for both PDSCH and PUSCH
· Study the potential need for MU scheduling restrictions in the design of the enhanced antenna port indication table in 38.212 for DL PDSCH.


Regarding the potential enhancement of DCI-based indication of Rel.18 DMRS ports and/or Rel.15 DMRS ports, 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 a UE supports both eMBB service and URLLC service, gNB can schedule the UE with Rel.18 DMRS ports for higher throughput or Rel.15 DMRS ports for better reliability, if needed.
Proposal 3: Support DCI-based dynamic antenna ports indication of Rel.18 DMRS ports and/or Rel.15 DMRS ports.

	Agreement
· Specify to increase the max. number of DMRS ports for PDSCH/PUSCH larger than Rel.15 for CP-OFDM without increasing the DMRS overhead.
· Strive to have common design of DMRS enhancement for PDSCH and PUSCH for a given DMRS Type.
Agreement
· Study the following potential DMRS enhancement for potential support of more than 4 layers SU-MIMO PUSCH. 
· Extend DMRS port allocation table for rank 5~8 
· Note: DL DMRS table can be a reference 
· Enhancement for DMRS to PTRS mapping  
· Study whether to utilize Rel.18 DMRS ports for more than 4 layers SU-MIMO PUSCH. 
· Note: the above study does not imply more than 4 layers SU-MIMO PUSCH is supported. 
· Note: other study for potential DMRS enhancement for potential support of more than 4 layers SU-MIMO PUSCH is not precluded. 


[bookmark: _GoBack]Another aspect is whether to support Rel.18 DMRS ports for more than 4 UL layers. First of all, the motivation of Rel-18 DMRS is to increase MU layers. Then, for both downlink and uplink, the maximum number of Rel-18 DMRS ports for a UE should not be larger than 4. For more than 4 layers SU-MIMO PUSCH, Rel-15 DMRS for DL should be considered as baseline. It is not necessary to mandate UE to support Rel-18 DMRS when it supports more than 4 layers SU-MIMO PUSCH. Therefore, we don’t think it suitable to support Rel.18 DMRS ports for UL.
Proposal 4: Do not support to utilize Rel.18 DMRS ports for more than 4 layers SU-MIMO PUSCH.

Conclusion
In this contribution, we gave our views on the detailed design of Rel-18 DMRS ports. The following proposals are achieved:
Proposal 1: For DMRS enhancement, support either FDM solution or FD-OCC solution.
Proposal 2: Support MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports.
Proposal 3: Support DCI-based dynamic antenna ports indication of Rel.18 DMRS ports and/or Rel.15 DMRS ports.
Proposal 4: Do not support to utilize Rel.18 DMRS ports for more than 4 layers SU-MIMO PUSCH.
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