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Introduction

In RAN#94e, the following was agreed for the enhancement of the DMRS ports in downlink and uplink in Rel. 18 [1].
	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


Enhancements for increasing orthogonal DMRS ports

The work item for Rel. 18 aims to increase the number of orthogonal DMRS ports, especially for MU-MIMO use-cases, without increasing the DMRS overhead. In RAN1#109-e, various methods for DMRS enhancements were proposed as follows [2]: 

	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. 



In RAN1#110-bis-e, the following agreement was reached [3]:

	Agreement
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). 



Of the considered enhancements, enhanced FD-OCC or longer FD-OCC length than Rel. 15 offered a straight-forward extension of Rel. 15 DMRS and was applicable universally to any DMRS configuration. The pros and cons of the other proposed methods are as follows:
· Opt-2: Enhanced Time Domain (TD) – Orthogonal Cover Code (OCC)
· This enhancement is applicable only for a limited set of DMRS configurations. Multiple DMRS symbols and/or additional symbols is a requirement for this method. Since TD-OCC already is applied across front-load symbols, the inclusion of the additional symbols is the enhancement in this method. In cases where there are no additional symbols, which may be the case more often with double symbol DMRS, such an enhancement may not apply. 
· Opt-3: Sparser frequency allocation or FDM (frequency division multiplexing)
· The reduction of the number of REs in frequency domain may lead to performance degradation when the channel delay spread is high. Moreover, with MU-MIMO scheduling and the influence of interference, the degradation may be even worse. This method requires new resource mapping and DMRS ports tables, and hence new DMRS configurations which results in a high specification effort. In addition, with a new resource mapping, the PAPR and power control for DMRS may also have to be further studied.
· Opt-4: Using TDM-ed DMRS symbol
· This is a way of sparser allocation of DMRS REs, but in the time domain. This option is applicable only in restricted scenarios – with additional DMRS symbols – and is hence not always applicable. The analysis of PAPR of DMRS may be additionally necessary for this method.
· Opt-5: TD-OCC over non-contiguous DMRS symbols combined with FD-OCC or FDM
· This is a combination of options 1/2 and options 2/4. With the complexities involved with each method individually, a combination of them poses very high specification effort.

In our perspective, specifying a single DMRS enhancement scheme is sufficient and additional schemes are not necessary. Specifying multiple methods with increased workload and the potential performance drawbacks is not preferred.

Observation 1: Sparser frequency allocation or FDM (Opt. 3) leads to performance degradation at high channel delay spreads by design and has high specification effort, and hence it is preferred not to support this enhancement. 

Observation 2: Time-domain-based enhancements such as TD-OCC and TDM (Opt. 2, 4 and 5) are applicable only for restricted DMRS configurations and are not universal. Therefore, they are not well suited for increasing the number of orthogonal DMRS ports.

Proposal 1: Longer FD-OCC shall be the only DMRS enhancement for increasing the number of orthogonal ports. Additional schemes shall not be specified.
Type of FD/TD-OCC sequences to be used
The following agreement from RAN1#110-bis-e provides the options for FD-OCC sequences to down-select [3]:
	Agreement
For FD-OCC length 4 for DMRS of PDSCH/PUSCH for Rel.18 eType 1/eType 2 DMRS, support one from the following FD-OCCs (to be selected in RAN1#111): 
· Opt.1-1: Walsh matrix (Hadamard code): 
	FD-OCC index 
	wf(0) 
	wf(1) 
	wf(2) 
	wf(3) 

	0 
	+1 
	+1 
	+1 
	+1 

	1 
	+1 
	-1 
	+1 
	-1 

	2 
	+1 
	+1 
	-1 
	-1 

	3 
	+1 
	-1 
	-1 
	+1 


· Opt.1-2: Cyclic shift with {0, π, π/2, 3π/2}: 
	FD-OCC index 
	wf(0) 
	wf(1) 
	wf(2) 
	wf(3) 

	0 
	+1 
	+1 
	+1 
	+1 

	1 
	+1 
	-1 
	+1 
	-1 

	2 
	+1 
	+j 
	-1 
	-j 

	3 
	+1 
	-j 
	-1 
	+j 





In terms of BLER performance, Hadamard and cyclic-shift based FD-OCC are very similar when 2D-MMSE channel estimation is used, as shown in Fig. 1 and Fig. 2. While each sequence may have implementation issues at the gNB or UE on its own, the network and the UE may be allowed to work with a sequence of their choice and/or compatibility. Both the sequences can be specified with UE capability reporting for DL and choosing a receiver compatible code for UL via gNB configuration. For TD-OCC, it is preferred to use the length-2 OCC from Rel. 15 and not complicate the specification any further.
Proposal 2: For length-4 FD-OCC sequence, specify both Hadamard and cyclic-shift codes with UE capability reporting. 
· The gNB may configure a code compatible with the channel estimation it performs for UL transmissions and configure a code that the UE supports based on the capability reporting for DL.
Proposal 3: The TD-OCC from Rel. 15 shall be retained for Rel. 18 DMRS ports as well.
	[image: C:\Users\vns\Documents\MATLAB\COSTA_simulators\5g-nr-simulator\dmrs_data_RAN1\Fig_SUMIMO3.png]
Fig. 1: BLER performance of length-4 DFT (cyclic shift) and Hadamard code with double-symbol DMRS.
	[image: C:\Users\vns\Documents\MATLAB\COSTA_simulators\5g-nr-simulator\dmrs_data_RAN1\Fig_SUMIMO2.png]
Fig. 2: BLER performance of length-4 DFT (cyclic shift) and Hadamard code with double-symbol DMRS.


Dynamic switching between Rel. 15 and Rel. 18 DMRS ports

Dynamic switching between Rel. 15 and Rel. 18 DMRS ports was discussed in RAN1#110 and RAN1#110-bis-e to support at least the following scenarios:
· MU-MIMO with Rel.15-17 UEs within a CDM group: If a Rel. 18 UE and Rel. 15 UE are scheduled together, the Rel. 18 UE may fallback to Rel. 15 DMRS ports for better MU-MIMO pairing with the other Rel. 15 UE.
· If the large MU-MIMO capacity is not required, gNB can dynamically indicate DMRS with FD-OCC length 2 because it has better performance than FD OCC length 4/6 in case of large delay spread. 
In our simulation results from [4] using a 2D-MMSE channel estimation, we observed that there is negligible difference in the performance between different FD-OCC lengths, even for large delay spread in both MU-MIMO and SU-MIMO scenarios. Therefore, in terms of performance, there isn’t a strong reason to perform dynamic switching between different FD-OCC lengths. 

Another consequence of switching dynamically between different OCC lengths is the increased receiver complexity and signalling overhead. Moreover, the agreement in RAN1#110-bis-e [3] shows that the Rel. 15 port indices are a subset of the Rel. 18 ports. Therefore, to dynamically switch from Rel. 18 to Rel. 15 port indices for MU-MIMO scheduling within a CDM group with another Rel. 15 UE to maintain orthogonality is already possible via Rel. 18 port indication itself.

	Agreement
For Rel.18 eType 1/eType 2 DMRS ports of PDSCH/PUSCH with FD-OCC length 4, association between DMRS port indexes, CDM group index, FD-OCC index, and TD-OCC index (across consecutive DMRS symbols, if any) are determined by the following Table 1 and Table 2. 
· The p in Table 1 and Table 2 corresponds to DMRS port index for PUSCH.  
· DMRS port index for PDSCH is determined by p +1000 in Table 1 and Table 2. 
Table 1. Rel.18 eType 1 DMRS ports for PUSCH 
	p 
	CDM group index 
	FD-OCC index 
	TD-OCC index 

	0 
	0 
	0 
	0 

	1 
	0 
	1 
	0 

	2 
	1 
	0 
	0 

	3 
	1 
	1 
	0 

	4 
	0 
	0 
	1 

	5 
	0 
	1 
	1 

	6 
	1 
	0 
	1 

	7 
	1 
	1 
	1 

	8 
	0 
	2 
	0 

	9 
	0 
	3 
	0 

	10 
	1 
	2 
	0 

	11 
	1 
	3 
	0 

	12 
	0 
	2 
	1 

	13 
	0 
	3 
	1 

	14 
	1 
	2 
	1 

	15 
	1 
	3 
	1 


 
Table 2. Rel.18 eType 2 DMRS ports for PUSCH 
	p 
	CDM group index 
	FD-OCC index 
	TD-OCC index 

	0 
	0 
	0 
	0 

	1 
	0 
	1 
	0 

	2 
	1 
	0 
	0 

	3 
	1 
	1 
	0 

	4 
	2 
	0 
	0 

	5 
	2 
	1 
	0 

	6 
	0 
	0 
	1 

	7 
	0 
	1 
	1 

	8 
	1 
	0 
	1 

	9 
	1 
	1 
	1 

	10 
	2 
	0 
	1 

	11 
	2 
	1 
	1 

	12 
	0 
	2 
	0 

	13 
	0 
	3 
	0 

	14 
	1 
	2 
	0 

	15 
	1 
	3 
	0 

	16 
	2 
	2 
	0 

	17 
	2 
	3 
	0 

	18 
	0 
	2 
	1 

	19 
	0 
	3 
	1 

	20 
	1 
	2 
	1 

	21 
	1 
	3 
	1 

	22 
	2 
	2 
	1 

	23 
	2 
	3 
	1 






Considering the above reasons, the costs of performing dynamic switching outweigh the benefits, if any, offered by it. Therefore, dynamic switching between Rel. 18 and Rel. 15 ports is not needed and the FD-OCC length can be determined via RRC configuration.

Proposal 3: The dynamic (DCI-based) switching of Rel. 15 and Rel. 18 ports, i.e., the dynamic switching between ports of different FD-OCC lengths shall not be supported.
· The FD-OCC length is determined via RRC configuration.
Port indication for increased number of DMRS ports

The following was agreed on this topic in RAN1#110 [3].

	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
· 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.



Due to the increase in the number of DMRS ports for the Rel. 18 DMRS configurations, the DCI indication of the DMRS ports for PDSCH and PUSCH need to be enhanced. In our view, retaining or reusing much of the legacy DMRS port indication is not only attractive for backward compatibility purposes, but also for lower specification workload. 

To reuse the available DMRS port indication tables, the size of the DMRS field in the DCI may be kept unchanged. A second field, which is additionally included in the DCI or obtained via the reuse of an existing field in the DCI can be utilized to determine port indices that are available from the larger set of indices available with Rel. 18 DMRS. The second field can be used in the following ways:
· Opt.1: The field may indicate an offset value that adds to the port index value(s) indicated by the antenna ports field. An example would be the method explained in the FL summary from RAN1#110-bis-e [5]. The field is of size 1 bit and a value of 0 indicates no offset and a value of 1 indicates an offset value according to the DMRS type (e.g., 8 for type 1 and 12 for type 2). The field size may also be greater than 1 and the offset value may apply to a subset of port indices indicated by the antenna ports field. This might facilitate the inclusion of more than 2 ports within the same CDM group, even for single-symbol DMRS, with the available port index tables.
· Opt. 2: The field may indicate a port mapping function, which includes not only an offset value but also a scaling of the port indices. This allows for a broader range of port index combinations to be indicated. 
Opt. 1 may be especially helpful in the UL as the rank is set by the TPMI or SRI in the UL. The port indices in the UL DMRS tables have a uniform number of port indices and cover many or all possible combinations of port indices and CDM groups used.  With an offset value in the DCI, all possible port Rel. 18 combinations can be covered for UL DMRS. Moreover, with a larger number of tables to revise, the specification effort is saved a lot with this method. In the case of PDSCH, to increase the total number of port index combinations supported via port-offset indication, the reserved entries in the DMRS port index tables can be assigned with new sets of port indices.

Proposal 4: A second field in the DCI is used to map the Rel. 15-17 DMRS port indices indicated by the ‘antenna ports’ field to the broader range of port indices in Rel. 18 DMRS for both PDSCH and PUSCH via the indication of an offset value.

Proposal 5: To increase the total number of port index combinations supported via port-offset indication, the reserved entries in the DMRS port index tables shall be assigned with new sets of port indices.

For the above method of the port indication, the number of CDM groups without data for the possible Rel. 18 DMRS port indices may have to be modified in certain cases. Since a higher number of ports can be included within a given CDM group, the total number of CDM groups that the UE may be required to rate-match against may be reduced in certain cases when more than 2 DMRS ports from the same CDM group can be scheduled even for single-symbol DMRS. The UE can be enabled to reduce the number of CDM groups without data in comparison with Rel. 17 automatically based on the port indices used for the Rel. 18 DMRS via fixed specification rules or network indication.

Proposal 6: RAN1 shall investigate the modification of the number of CDM groups without data along with port-offset indication.
Conclusion

The following observations and proposals are made in the discussions in this contribution. 

Observation 1: Sparser frequency allocation or FDM (Opt. 3) leads to performance degradation at high channel delay spreads by design and has high specification effort, and hence it is preferred not to support this enhancement. 

Observation 2: Time-domain-based enhancements such as TD-OCC and TDM (Opt. 2, 4 and 5) are applicable only for restricted DMRS configurations and are not universal. Therefore, they are not well suited for increasing the number of orthogonal DMRS ports.

Proposal 1: Longer FD-OCC shall be the only DMRS enhancement for increasing the number of orthogonal ports. Additional schemes shall not be specified.

Proposal 2: For length-4 FD-OCC sequence, specify both Hadamard and cyclic-shift codes with UE capability reporting. 
· The gNB may configure a code compatible with the channel estimation it performs for UL transmissions and configure a code that the UE supports based on the capability reporting for DL.
Proposal 3: The TD-OCC from Rel. 15 shall be retained for Rel. 18 DMRS ports as well.
Proposal 4: A second field in the DCI is used to map the Rel. 15-17 DMRS port indices indicated by the ‘antenna ports’ field to the broader range of port indices in Rel. 18 DMRS for both PDSCH and PUSCH via the indication of an offset value.

Proposal 5: To increase the total number of port index combinations supported via port-offset indication, the reserved entries in the DMRS port index tables shall be assigned with new sets of port indices.

Proposal 6: RAN1 shall investigate the modification of the number of CDM groups without data along with port-offset indication.
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Simulation parameters for LLS
	Parameter 
	Value 

	Duplex, Waveform 
	TDD, CP-OFDM

	Carrier Frequency 
	4 GHz 

	Subcarrier spacing  
	30kHz 

	Channel Model 
	CDL-B

	Allocation bandwidth 
	10MHz 

	BS antenna configuration 
	32 ports: (M, N, P, Mg, Ng, Mp, Np) = (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ

	UE antenna configuration 
	4RX: (M, N, P, Mg, Ng, Mp, Np) = (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ

	Precoding method and precoding granularity 
	SVD precoder of each co-scheduled UE with 4 PRB granularity. 
Interfering users have an azimuth angle offset of  with the target UE.

	DMRS type 
	Type 1 and its enhancements (FD-OCC and FDM) 

	DMRS mapping type 
	Mapping type A

	Channel estimation 
	Realistic

	Receiver type 
	MMSE

	MCS used for BLER results
	16QAM, code rate = 0.4785
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