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Introduction
In RAN1 #109, the following agreements on DMRS enhancement have been achieved.
	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
Following evaluation assumptions are used for LLS for increasing DMRS ports in AI 9.1.3.1 in Rel.18. 
	Parameter 
	Value 

	Duplex, Waveform 
	TDD, OFDM 
Note: FDD, OFDM is not precluded 

	Carrier Frequency 
	4 GHz 

	Subcarrier spacing  
	30kHz 

	Channel Model 
	CDL-B or CDL-C in TR 38.901 with 30ns or 300ns delay spread as baseline for MU-MIMO and SU-MIMO 
Note: Other delay spread is not precluded.  
Note: Simulation using TDL-A with 30ns or 300ns for MU-MIMO is not precluded.  

	Delay spread 
	Baseline: 30ns, 300ns 
Optional: 1000ns 

	UE velocity 
	Baseline: 3km/h, 30km/h 
Optional: 60km/h, 120km/h 

	Allocation bandwidth 
	20MHz 
Note: Other bandwidth smaller than 20MHz is not precluded 

	MIMO scheme 
	Baseline: MU-MIMO 
Optional: SU-MIMO 

	BS antenna configuration 
	Companies can select and need to report which option(s) are used between 
- 32 ports: (M, N, P, Mg, Ng, Mp, Np) = (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ 
- 16 ports: (M, N, P, Mg, Ng, Mp, Np) = (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ 
Other configurations are not precluded. 

	UE antenna configuration 
	Companies can select and need to report which option(s) are used between 
4RX: (M, N, P, Mg, Ng, Mp, Np) = (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for rank > 2 
2RX: (M, N, P, Mg, Ng, Mp, Np) = (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for (rank 1,2) 
Other configuration is not precluded. 

	MIMO Rank 
	1, 2, or 4 per UE (rank fixed or rank adaptation) 

	UE number for MU-MIMO 
	1, 2, 4, 8, or 12 

	Precoding and precoding granularity 
	For PDSCH: Companies can select and need to report which option(s) are used between 
· [ZF or SVD] based sub-band precoding (with 4PRB precoding granularity) on ideal channel knowledge 
· CSI codebook based sub-band precoding (with 4PRB precoding granularity) on ideal CSI feedback. 
For PUSCH: Companies can select and need to report which option(s) are used between 
· [ZF or SVD] based wide-band precoding on ideal channel knowledge 
· Codebook based wide-band precoding on ideal CSI feedback. 

	Feedback delay for precoding 
	5ms 

	DMRS type 
	Type 1E and/or Type 2E, which are enhanced DMRS that are based on the legacy RE mappings of DMRS Type 1/2, where the enhanced DMRS support larger DMRS ports. 
Note: The terminology of Type 1E and/or Type 2E is for discussion purpose. 

	DMRS configurations 
	Baseline:  
· Single symbol DMRS without additional DMRS symbols and 1 additional DMRS symbol 
· Double symbol DMRS without additional DMRS symbols. 
Note: evaluation of other additional DMRS symbol(s) are not precluded. 

	DMRS mapping type 
	Mapping type A (slot based) for PDSCH. 
Mapping type A (slot based) for PUSCH. 

	Link adaptation 
	· Fixed modulation, coding and rank for BLER evaluation as baseline. 
· Adaptation of both MCS and rank for throughput evaluation as optional.  

	HARQ 
	Baseline: Off 
Optional: On (HARQ with max. 4 re-transmissions) for throughput evaluation 

	Channel estimation 
	Realistic channel estimation with ideal info of frequency sync, SNR, doppler and delay spread 

	Receiver type 
	MMSE as baseline 

	EVM 
	No radio impairments  


 
Agreement
For SLS assumption for increasing DMRS ports in AI 9.1.3.1 in Rel.18, 
· Scenario: Dense Urban (Macro only) at 4GHz is a baseline. Other scenarios (e.g. Umi, Uma) are not precluded. 
· Following evaluation assumptions are used for SLS. 
	Parameter 
	Value 

	Scenario 
	Dense Urban (macro only) 

	Carrier frequency 
	4GHz 

	Duplex, Waveform  
	TDD, OFDM 
Note: FDD, OFDM is not precluded 

	Multiple access  
	OFDMA  

	Frequency Range 
	FR1 only. 

	Inter-BS distance 
	200 m  

	Channel model 
	According to the TR 38.901  

	Antenna setup and port layouts at gNB 
	Companies need to report which option(s) are used between 
· 32 ports: (M, N, P, Mg, Ng, Mp, Np) = (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ  
· 16 ports: (M, N, P, Mg, Ng, Mp, Np) = (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ 

Other configurations are not precluded. 

	Antenna setup and port layouts at UE 
	4RX: (M, N, P, Mg, Ng, Mp, Np) = (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for rank > 2 
2RX: (M, N, P, Mg, Ng, Mp, Np) = (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for (rank 1,2)  
Other configurations are not precluded. 

	BS Tx power  
	41 dBm for 10MHz, 44dBm for 20MHz, 47dBm for 40MHz 

	BS antenna height  
	25 m  

	BS noise figure 
	5 dB 

	UE noise figure 
	9 dB 

	UE antenna height & gain 
	Follow TR36.873  

	Modulation  
	Up to 256 QAM 

	Coding on PDSCH 
	LDPC 
Max code-block size=8448bit 

	Numerology 
	Slot/non-slot  
	14 OFDM symbols per slot 

	
	SCS  
	30 kHz  

	Simulation bandwidth  
	20 MHz 

	Number of RBs 
	52 for 30 kHz SCS 

	Frame structure  
	Slot Format 0 (all downlink) for all slots 

	MIMO scheme 
	SU/MU-MIMO with rank adaptation is a baseline  
For low RU, SU-MIMO or SU/MU-MIMO with rank adaptation are assumed  
For medium/high RU, SU/MU-MIMO with rank adaptation is assumed 

	MIMO layers 
	For all evaluation, companies to provide the assumption on the maximum MU layers (e.g. 8 or 12) 

	CSI feedback 
	Feedback assumption at least for baseline scheme 
CSI feedback periodicity (full CSI feedback): 5 ms,  
Scheduling delay (from CSI feedback to time to apply in scheduling): 4 ms 

	Overhead 
	Companies shall provide the downlink overhead assumption 

	Traffic model 
	Baseline: FTP1 with 50% Resource Utilization 
Optional: Full buffer 

	UE distribution 
	[80%] indoor (3km/h),  
[20%] outdoor (30km/h) 

	UE receiver 
	MMSE-IRC as the baseline receiver 

	Feedback assumption   
	Realistic 

	Channel estimation      
	Realistic 


 
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,  , 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 .​
· 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 this contribution, we provide some discussion on DMRS enhancement.
Discussion
DMRS structure
In RAN1 #109, it is agreed to support DMRS enhancement where the maximum number of DMRS ports is doubled from the number of DMRS ports defined in Rel-18.
	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. 




Figure 1 and Figure 2 show the DMRS structure (front-loaded DMRS symbols) for DMRS Type1 and DMRS Type2. For each CDM group, TD-OCC2 and FD-OCC2 can be applied. Thus, each CDM group can provide up to 4 orthogonal DMRS ports. Therefore, up to 8 DMRS ports are supported for DMRS Type1 and 12 DMRS ports are supported for DMRS Type2 in Rel-15.


Figure 1: Rel-15 Type1 DMRS structure


Figure 2: Rel-15 Type2 DMRS structure

To support such enhancement, 5 options were identified in RAN1 #109 as follows:
	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. 




It has been agreed that the Rel-18 DMRS should not increase the DMRS overhead. However, the overhead option 2/4/5 could be larger than legacy DMRS, since it requires to enable additional DMRS symbols even for UEs with small velocity. In addition, option 2/4/5 may not be feasible for PDSCH/PUSCH with smaller time domain duration. Thus, option 1 and option 3 should be better than option 2/4/5 from DMRS overhead perspective.
One potential issue for option 1 and option 3 is that the DMRS pattern for Type1 DMRS could be different in even and odd PRBs. Then there could be orphan PRB issue. But such issue can be avoided by gNB’s scheduling, e.g. gNB may schedule the data channel in the unit of 2 PRBs. 
Both option 1 and option 3 could support co-scheduling with legacy DMRS. For option 1, the legacy DMRS and Rel-18 DMRS can be multiplexed in FDMed manner. They can also be multiplexed in CDMed manner with different TD-OCC codes or selecting some FD-OCC codes, e.g. {1, 1, 1, 1} for Rel-18 DMRS and {1, -1} for Rel-15 DMRS.  For option 3, the legacy DMRS and Rel-18 DMRS can be multiplexed in FDMed and CDMed manner by indicating different CDM groups or FD/TD-OCC codes. Therefore, further study should focus on option 1 and option 3.
Proposal 1: For DMRS enhancement, further study should focus on down-selection from option 1 (FD-OCC4) and option 3 (more CDM groups).
More than 4 layers PUSCH
As the number of Rel-18 DMRS ports is doubled from Rel-15 DMRS, one potential issue could be whether to support PUSCH with more than 4 layers. The PUSCH with more than 4 layers may potentially require a second codeword. Then it is necessary to study the codeword to layer mapping scheme. The uplink codeword to layer mapping could be a bit different from the downlink operation, since the uplink signals may be transmitted from multiple panels. It is better to keep the signals from one panel to be associated with one codeword. Cross-panel codeword to layer mapping could lead to potential issues on MCS selection and PT-RS to DMRS port association. However, the transmission panel could be determined based on the indicated precoder. Thus the uplink codeword to layer mapping operation may be determined based on the indicated precoder. With regard to the overall work load for Rel-18 MIMO, it is better to preclude more than 1 codeword for uplink transmission. If more than 4 layers PUSCH is supported, it can be based on single codeword in Rel-18.
Proposal 2: If more than 4 layers PUSCH is supported, it can be based on single-codeword in Rel-18.

Conclusion
In this contribution, we provided discussion on DMRS enhancement. Based on the discussion, the following proposals have been achieved.
Proposal 1: For DMRS enhancement, further study should focus on down-selection from option 1 (FD-OCC4) and option 3 (more CDM groups).
Proposal 2: If more than 4 layers PUSCH is supported, it can be based on single-codeword in Rel-18.

Microsoft_Visio_Drawing.vsdx
CDM group 1
CDM group 2



image4.emf
CDM group 1

CDM group 2

CDM group 3


Microsoft_Visio_Drawing1.vsdx
CDM group 1
CDM group 2
CDM group 3



image1.png




image2.png
Z VPH W,S;




image3.emf
CDM group 1 CDM group 2


