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Introduction
In current NR, for CP-OFDM waveform, we have symmetric DMRS design for both PDSCH and PUSCH. We support two types of DMRS, DMRS configuration type 1 and DMRS configuration type 2
· To support up to 12 ports DMRS, the basic design unit of DMRS is CDM group 
· In frequency domain, each CDM group employs 2 REs. With FD-OCC 2, it can create two orthogonal ports in the frequency domain 
· In time domain, each CDM group employ either 1 or 2 symbols. When CDM group employs two symbols, TD-OCC 2 is used to create two orthogonal ports in the time domain 
· As results 
· With 1 symbol, each CDM group can support 2 orthogonal ports 
· With 2 symbols, each CDM group can support 4 orthogonal ports  
· For DMRS configuration type 1, it contains two CDM groups 
· Support up to 4 ports for single symbol DMRS
· Support up to 8 ports for two symbol DMRS
· For DMRS configuration type 2, it contains three CDM groups 
· Support up to 6 ports for single symbol DMRS
· Support up to 12 ports for two symbol DMRS
Figure below illustrates the CDM group arrangement for both DMRS type 1 and DMRS type 2. 
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Figure 1 the CDM group arrangement for both DMRS type 1 and DMRS type 2
In Rel-18, as part of the approved WID in RP-213598, [1], the following two objectives are considered for CSI enhancement 
	3. Study, and if justified, specify larger number of orthogonal DMRS ports for downlink and uplink MU-MIMO (without increasing the DM-RS overhead), only for CP-OFDM,
· Striving for a common design between DL and UL DMRS
· Up to 24 orthogonal DM-RS ports, where for each applicable DMRS type, the maximum number of orthogonal ports is doubled for both single- and double-symbol DMRS



In last RAN1 meeting #109e [2], the following agreement/conclusion were reached regarding increased number of orthogonal DMRS ports. 
	Agreement
LLS is used for objective #3 (increasing DMRS ports for MU-MIMO) in Rel.18 MIMO, while SLS can be used optionally. 

Agreement
No EVM discussion is needed for objective #5 (>4 layers PUSCH DMRS) in AI 9.1.3.1 (DMRS) in Rel.18. 
 
Agreement
LLS for increasing DMRS ports in AI 9.1.3.1 in Rel.18: 
· Evaluated channel: PDSCH as baseline (Companies can additionally submit evaluation results of PUSCH). 
· Evaluation metric:  
· BLER for fixed MCS and rank as baseline 
· User throughput for adaptive MCS and rank as optional 
· MSE or NMSE of DMRS as optional 
· Evaluation baseline (i.e. compared with):  
· For evaluation of enhanced single-symbol DMRS, baseline refers to Rel.15 single-symbol DMRS or Rel.15 double-symbol DMRS. 
· For evaluation of enhanced double-symbol DMRS, baseline refers to Rel.15 double-symbol DMRS. 
 
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
For LLS assumptions for increasing DMRS ports in AI 9.1.3.1 in Rel.18: 
· Precoding assumption of PUSCH, “[ZF or SVD]” in RAN1#109e agreement is updated by 
· Alt.2-2: SVD 
 
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. 

Agreement
For LLS assumptions for increasing DMRS ports in AI 9.1.3.1 in Rel.18: 
· Precoding assumption of PDSCH, “[ZF or SVD]” in RAN1#109e agreement is updated by SVD. 
 
Agreement
· For MU-MIMO LLS of PDSCH, for evaluation of SVD/CSI-codebook based sub-band precoding, companies shall report the pre-coding assumption of interference of co-scheduled UEs from the following: 
· Alt.1: calculated by pre-coder of channel of each co-scheduled UE. 
· For precoding assumption of PDSCH, precoder of target UE and precoder of co-scheduled UE are generated independently.
· Companies can report a set of azimuth and zenith angle offset used for evaluation (For example, azimuth angle offsets from [30 o, 60 o, 90 o] and zenith angle offset from [3o, 6o] can be considered).
· Alt.2: calculated by random pre-coder (i.e. precoder selected randomly from a predefined set of precoders) which is different from the pre-coder of target UE. 
· For precoding assumption of PDSCH, only the channel of one target UE, i.e. Hd, needs to be modelled. Precoder is generated based on Hd to obtain the precoder for this UE only. The interference from co-scheduled UEs can be modelled as,  [image: ], wherein Wi can be randomly selected from a predefined set of precoders
· Companies shall report how to generate the predefined set of precoders for simulation.
· Alt.3: the same pre-coder as scheduled UE. 
· PDSCH interference and interfering DMRS ports are emulated using the same pre-coder as for the scheduled UE.
· Power offset of the co-scheduled UE is one value from {0dB, -3dB, -6dB} as fixed evaluation parameter. Other values are not precluded. 
· For precoding assumption of PDSCH, only the channel of one target UE, i.e. Hd, needs to be modelled. Precoder for the target UE (denoted as Wd) is generated based on Hd only. Denote the precoding matrix/vector of the ith co-scheduled UEs as Wi, and Wi=Wd (Wi for all th co-scheduled UEs are same). Then the interference from co-scheduled UEs can be modelled as [image: ].​
· For the above Alt.1-3, only PDSCH performance of the target UE is evaluated, while interference of both PDSCH and DMRS of co-scheduled UE(s) is simulated. 




In contribution, we provide our views on how to increase (double) the maximum number of DMRS ports for both PDSCH and PUSCH for CP-OFDM waveform 
General view
In last RAN1 meeting RAN1#109e, in terms of how to increase the number of DMRS ports for PDSCH/PUSCH, 5 design options were listed. It is also important to note that, the current WID objective limits the DMRS enhancement “without increasing the DM-RS overhead”.  The enhancement in TD-OCC (i.e., Opt.2) and the other time domain related enhancement (i.e., Opt.4/Opt.5) typically requires the additional DMRS location to be configured, which may imply overhead increase. Therefore, we think time domain related enhancement should be deprioritized. With the above design consideration and the WID objective restriction in mind, in our view, there are two possible directions to increase the number of DMRS ports 
· Double the number of CDM groups, the same number of ports per CDM group
· i.e., Opt.3 (Sparser frequency allocation)
· The same number of CDM groups, double the number of ports per CDM group
· i.e., Opti.1 (enhance FD-OCC)
Proposal 1, To support increased (doubled) the number of DMRS ports for CP-OFDM, downselect one from the following. 
· Opt.3 (Sparser frequency allocation)
· Opt.1 (enhance FD-OCC)
We prefer Opt.3 (Sparser frequency allocation) 
In the following sections, we provide our view regarding the above two directions for DMRS enhancement 
Double the number of CDM groups, the same number of ports per CDM group
One way to double the number of DMRS ports without increasing DMRS overhead is to increase the number of DRMS groups but keep the same number of DMRS ports supportable by each CDM group. This solution effectively reduces the density of each CDM group by 50%, i.e., each CDM group only occupies 50% amount of REs compared to the legacy design. This design can be achieved by Opt.3 (Sparser frequency allocation) 

In the following figure, we illustrate the frequency domain subsampling, i.e., sparser frequency allocation. It is important to note that There are two things worth further note that, for frequency domain subsampling, what we illustrated is the PRB level subsampling. There are other solutions such as CDM group level subsampling which might be friendlier and have less impact on UE channel estimate implementation, etc. 
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Figure 2 Frequency domain subsampling to double the number of CDM groups with the same number of ports per CDM group

Proposal 2, To support increased (doubled) the number of DMRS ports for CP-OFDM, for Opt.3 (Sparser frequency allocation), consider and downselect one from the following
· Frequency domain subsampling at CDM group level 
· Frequency domain subsampling at PRB level
The same number of CDM groups, double the number of ports per CDM group
Another solution to increase the number of DMRS ports is to double the number of ports supported per CDM group while keep the same number of CDM groups. To achieve this, in the frequency domain, each CDM group can occupy 4 REs and FD-OCC 4 can be used to double the number of DMRS ports. 

Figure below illustrates the two possible solutions to double the number of ports per CDM group while keep the same number of CDM groups 
· Option 1 basically combines to two adjacent CDM groups with the same index into a CDM group with twice the size to support twice the number of ports 
· This solution is friendlier for backward compatibility, but performance may suffer for channel with very high frequency selectivity due to the larger frequency domain footprint 
· Option 2 tries to reduce the frequency domain footprint of the CDM group by doubling the number of REs consecutively in frequency domain
· This solution is not friendly for backward compatibility, but performance can be more robust for channel with very high frequency selectivity due to the smaller frequency domain footprint 
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Figure 4 two design options to double the number of ports per CDM group while keep the same number of CDM groups 
The other issue to consider is that for DMRS Type 1, it is possible that a single DMRS group may need to cross the PRB boundary when FD-OCC4 is chosen, which will impact the frequency selective precoding, i.e., PRG based PDSCH operation currently NR supports. However, we could consider some solutions such as restricting PDSCH frequency domain allocation to avoid the issue. We do not prefer solution like FD-OCC3 since it is largely not backwards compatible in terms of MU-MIMO co-scheduling with legacy UEs. 

Proposal 3, To support increased (doubled) the number of DMRS ports for CP-OFDM, for Opt.1 (enhance FD-OCC)
· FD-OCC4 can be considered 
· FD-OCC3 or FD-OCC6 should be deprioritized 
· Study the solutions to resolve the potential issue of CDM group cross PRB boundary for DMRS Type I with FD-OCC4
Overall, comparing the two possible solutions listed above, we prefer to use frequency domain subsampling to double the number of DMRS ports for CP-OFDM. This solution keeps the same number of DMRS ports supported per CDM group but double the amount of CDM groups 
Conclusion
In contribution, we provide our views on how to increase (double) the maximum number of DMRS ports for PDSCH/PUSCH for CP-OFDM waveform. We have the following proposals
Proposal 1, To support increased (doubled) the number of DMRS ports for CP-OFDM, downselect one from the following. 
· Opt.3 (Sparser frequency allocation)
· Opt.1 (enhance FD-OCC)
We prefer Opt.3 (Sparser frequency allocation) 

Proposal 2, To support increased (doubled) the number of DMRS ports for CP-OFDM, for Opt.3 (Sparser frequency allocation), consider and downselect one from the following
· Frequency domain subsampling at CDM group level 
· Frequency domain subsampling at PRB level

Proposal 3, To support increased (doubled) the number of DMRS ports for CP-OFDM, for Opt.1 (enhance FD-OCC)
· FD-OCC4 can be considered 
· FD-OCC3 or FD-OCC6 should be deprioritized 
· Study the solutions to resolve the potential issue of CDM group cross PRB boundary for DMRS Type I with FD-OCC4
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