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1 Introduction
Larger number of orthogonal DMRS ports for downlink and uplink was agreed to be specified. And in RAN1#109e meeting [1], agreements were achieved as:
Agreement
Specify to increase the maximum 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. 
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. 
Agreement
To increase the maximum 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. 
Agreement
To increase the maximum 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. 
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. 
 In this contribution, we provided our views on increased number of orthogonal DMRS ports.
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As early as Rel-15, structure of uplink and downlink DMRS was hotly discussed, and finally both type 1 and type 2 DMRS are supported, and multiplexing of orthogonal DMRS ports is based on FDM, TD-CDM (for 2-symbol DMRS) and FD-CDM (actually with length 2 for two orthogonal ports). For the DMRS enhancements, this structure should be kept as much as possible, and the DMRS overhead should not be increased.
And for DMRS ports increasing, several options were listed in RAN1#109e, 
· Opt.1 (enhance FD-OCC): Introduce larger FD-OCC length than Rel.15 (e.g. 4 or 6)
· This solution can be easily be enhanced with less spec impact, and fulfil the WID on “without increasing the DM-RS overhead”. And the new DMRS patterns can be orthogonal with legacy ones, which has good backward compatibility.
· Opt.2 (enhance TD-OCC)
· In this solution, TD-OCC over non-contiguous DMRS symbols (with additional DMRS symbols) is applied, in our understanding, there are several defects of Opt.2
1） It can not cover all cases. As additional DMRS are needed for Opt. 2, while, in some cases, the number of symbols for PDSCH/PUSCH scheduling can only contain front-loaded DMRS, in these cases, larger TD-OCC can not be applied as there is no additional DMRS.
2） Considering additional DMRS, the typical use case is for large doppler, while TD-OCC is sensitive to large doppler, so the targets of additional DMRS and TD-OCC are contradictory. 
3） If larger TD-OCC is introduced (i.e. additional DMRS is needed), it mean doppler is not that large, so comparing the legacy case (no need of additional DMRS), it’s equivalent to increasing overhead of DMRS, which conflicts the WID on “without increasing the DM-RS overhead”.  
· Opt.3 (Sparser frequency allocation): increase the number of CDM groups (e.g. larger number of comb/FDM).
· Comparing Opt. 1, this scheme has similar performance, while the spec impact is larger than Opt. 1, and the backward compatibility is worse, as the new DMRS pattern can not be orthogonal with legacy DMRS.
· Opt.4 (using TDMed DMRS symbol) and Opt. 5 (TD-OCC combined with FD-OCC)
· Similar as Opt. 2, Opt. 4 and Opt. 5 can not cover all cases (additional DMRS symbols are needed), and it’s actually equivalent to increasing the DMRS overhead, which conflicts the WID.
Based on the discussion, and also considering the target (mainly for MU MIMO), we think Opt. 1 is the good way to move forward. 
Proposal 1: For increasing the number of DMRS ports, support Opt. 1 (Introduce larger FD-OCC length than Rel.15).
For Type 2 DMRS, each DMRS port occupies 4 REs within a RB, then length-4 FD-OCC can be easily extended within a CDM group. While for Type 1 DMRS, each DMRS port occupies 6 REs within a RB, and for Rel-15 Type 1 DMRS, two orthogonal DMRS ports are multiplexed based on [1, 1] and [1, -1] on two closest REs in frequency domain, actually same result of two cyclic shifts of DMRS sequences with CS=0 and CS=6. And to double the number of ports for Type 1 DMRS, how to design 4 orthogonal ports with 6 REs should be studied. One way is to increase the orthogonal ports with cyclic shift, e.g. selecting 4 from 6 CS values.
Proposal 2: For DMRS Type 2, length-4 FD-OCC should be introduced within each CDM group, and for DMRS type 1, 4 CS values should be supported to increase the number of orthogonal DMRS ports.
Based on new structure of DMRS ports, another issue is how to indicate the DMRS port(s). Firstly, 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-CDM to be 2 or 4 may have impact on the performance, similar as LTE. So we think dynamic indication of the length of FD-CDM should be supported.
Proposal 3: Support of dynamic indication of the length of FD-CDM to UEs.
In addition, due to more number of antenna ports, the DCI overhead will increased, while from UE perspective, there seems no need to indicate all possibilities in the DMRS table. Taking 1 layer for example, for 2-symbol DMRS type 2, indicating all 24 possibilities will cause large overhead while no significant gain. So we think the tradeoff between overhead and flexibility should be considered for DMRS indication. 
Proposal 4: Tradeoff between overhead and flexibility should be considered for DMRS indication.
3 Conclusion
In this contribution, we provided our views on increased number of orthogonal DMRS ports, and we have the following proposals:
Proposal 1: For increasing the number of DMRS ports, support Opt. 1 (Introduce larger FD-OCC length than Rel.15).
Proposal 2: For DMRS Type 2, length-4 FD-OCC should be introduced within each CDM group, and for DMRS type 1, 4 CS values should be supported to increase the number of orthogonal DMRS ports.
Proposal 3: Support of dynamic indication of the length of FD-CDM to UEs.
Proposal 4: Tradeoff between overhead and flexibility should be considered for DMRS indication.
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