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Introduction
In this paper, we discuss DM-RS capacity enhancement for Rel-18 NR MIMO WI [1]. 
	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
2. Study, and if justified, specify UL DMRS enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices



[bookmark: _Hlk47732020]DM-RS Capacity Enhancement
The following agreements were made in RAN1#109e [2] for DM-RS capacity enhancement. 
	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: 
1. 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. 
1. 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. 
1. 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. 
1. 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. 
1. 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. 
1. 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, 
1. 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. 




From a design perspective, Option 1 and 3 which use frequency domain to enhance DM-RS capacity is preferred since it easier to make backwards compatible design updates with these options. Also using non-contiguous DM-RS symbols to multiplex ports may not be preferable especially in higher doppler scenarios. Based on these initial observations, we first provide an overview of current NR DM-RS design and proposals for DM-RS capacity enhancement based on FD port multiplexing.
Legacy NR DM-RS Design
In NR Rel-15, two different DM-RS types were designed namely Type-1 and Type-2 DM-RS which are shown in Figure 1. 

[image: ]
	[bookmark: _Ref525830733]Figure 1: NR DM-RS Type 1



For the single symbol case, Type 1 DMRS uses a comb-2 structure with 2 CDM-Groups and length-2 FD-OCC per pair of alternating REs in each CDM-Group as shown in Figure 1.  The length-2 OCC is given by the columns of the length-2 Hadamard matrix




For the case of 2 symbol DM-RS the same length 2 OCC is used across the two time-domain symbols to multiplex 2 additional ports in each CDM group such that a total of 8 ports are supported. The following table shows the mapping of time domain OCC and frequency domain OCC to the supported DM-RS ports. 

Table 7.4.1.1.2-1: Parameters for PDSCH DM-RS configuration type 1.
	
	
CDM group 
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	1000
	0
	0
	+1
	+1
	+1
	+1

	1001
	0
	0
	+1
	-1
	+1
	+1

	1002
	1
	1
	+1
	+1
	+1
	+1

	1003
	1
	1
	+1
	-1
	+1
	+1

	1004
	0
	0
	+1
	+1
	+1
	-1

	1005
	0
	0
	+1
	-1
	+1
	-1

	1006
	1
	1
	+1
	+1
	+1
	-1

	1007
	1
	1
	+1
	-1
	+1
	-1



Type 2 DMRS uses a comb-3 structure with 3 CDM-Groups and length-2 FD-OCC per pair of adjacent REs in each CDM-Group as shown in Figure 2. 
[image: ]
[bookmark: _Ref98170592]
[bookmark: _Ref98191146]Figure 2:  NR DM-RS Type 2
The FD-OCC is given by the columns of the same matrix H. And similar time domain multiplexing as in the case of  Type 1 DM-RS is used as shown in the following table. 

[bookmark: _Hlk98191099]Table 7.4.1.1.2-2: Parameters for PDSCH DM-RS configuration type 2.
	
	
CDM group 
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	1000
	0
	0
	+1
	+1
	+1
	+1

	1001
	0
	0
	+1
	-1
	+1
	+1

	1002
	1
	2
	+1
	+1
	+1
	+1

	1003
	1
	2
	+1
	-1
	+1
	+1

	1004
	2
	4
	+1
	+1
	+1
	+1

	1005
	2
	4
	+1
	-1
	+1
	+1

	1006
	0
	0
	+1
	+1
	+1
	-1

	1007
	0
	0
	+1
	-1
	+1
	-1

	1008
	1
	2
	+1
	+1
	+1
	-1

	1009
	1
	2
	+1
	-1
	+1
	-1

	1010
	2
	4
	+1
	+1
	+1
	-1

	1011
	2
	4
	+1
	-1
	+1
	-1



We next discuss methods to increase the number of DM-RS ports for each DM-RS Type. 
Principles for DM-RS Capacity Enhancement
For single-TRP scenario, DM-RS enhancements in Rel-18 should focus on DM-RS overhead reduction for already supported maximum number of DM-RS ports. For example, 8 ports for Type I DM-RS should be supported with one-symbol DM-RS configuration instead of two-symbol configuration in Rel-17. A key design principle should be to maintain backwards compatibility with legacy DM-RS structure where pairing for MU-MIMO should be possible between new DM-RS ports and legacy DM-RS ports. Therefore, we have the following proposal for design principles of Rel-18 DM-RS  
Proposal 1: The following are the key DM-RS design principles for Rel-18 NR 
· Consider DM-RS design which is backward compatible with Rel-15 DM-RS structure, i.e., pairing of legacy DM-RS and new DM-RS ports should be possible
· For Type I DM-RS, additional CS may be considered 
· For Type II DM-RS, OCC of larger length spanning 4 REs for single symbol DM-RS or 8 REs for 2 symbol DM-RS configuration may be considered

Proposal 2: For coherent JT, further study is needed on the required number of orthogonal DM-RS ports

Type 1 DM-RS
Additional FD-OCC
For Type 1 DM-RS, considering the case of single symbol configuration, the number of ports can be doubled to support 8 orthogonal DM-RS ports by introducing two additional orthogonal cover codes over the 6 REs in each CDM group of the DM-RS to additionally multiplex two more DM-RS antenna ports within each CDM group. The OCC can be a length-6 cover code which is given by the columns of the size 6 DFT matrix as follows


 i.e.,




Considering the Rel-15 DM-RS ports, the first column of the matrix C is the currently supported FD-OCC for DM-RS ports 1000, 1002,1004,1006 and the fourth column of matrix C is the currently supported FD-OCC for DM-RS ports 1001,1003,1005,1007 respectively. 

The addition of 4 more ports can be achieved by introducing two additional FD-OCCs, selected from the columns 2,3,5,6 of the matrix C. For example, columns 2 and 5 can be selected as the additional OCCs over the 6 REs belonging to each CDM group. Based on this choice of FD-OCC, the following new ports 1008-1015 can be added to Type 1 DM-RS for single symbol and two-symbol case, where the two-symbol case uses the same length 2 TD-OCC from matrix H. This can be captured in the following table

Table 1.1: Parameters for PDSCH DM-RS configuration type 1.
	
	
CDM group 
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	1000
	0
	0
	+1
	+1
	+1
	+1
	+1
	+1
	+1
	+1

	1001
	0
	0
	+1
	-1
	+1
	-1
	+1
	-1
	+1
	+1

	1002
	1
	1
	+1
	+1
	+1
	+1
	+1
	+1
	+1
	+1

	1003
	1
	1
	+1
	-1
	+1
	-1
	+1
	-1
	+1
	+1

	1004
	0
	0
	+1
	+1
	+1
	+1
	+1
	+1
	+1
	-1

	1005
	0
	0
	+1
	-1
	+1
	-1
	+1
	-1
	+1
	-1

	1006
	1
	1
	+1
	+1
	+1
	+1
	+1
	+1
	+1
	-1

	1007
	1
	1
	+1
	-1
	+1
	-1
	+1
	-1
	+1
	-1

	1008
	0
	0
	+1
	

	

	-1
	

	

	+1
	+1

	1009
	0
	0
	+1
	

	

	+1
	

	

	+1
	+1

	1010
	1
	1
	+1
	

	

	-1
	

	

	+1
	+1

	1011
	1
	1
	+1
	

	

	+1
	

	

	+1
	+1

	1012
	0
	0
	+1
	

	

	-1
	

	

	+1
	-1

	1013
	0
	0
	+1
	

	

	+1
	

	

	+1
	-1

	1014
	1
	1
	+1
	

	

	-1
	

	

	+1
	-1

	1015
	1
	1
	+1
	

	

	+1
	

	

	+1
	-1





The UE should assume the DM-RS sequence  is scaled by a factor  to conform with the transmission power specified in [TS 38.214] and mapped to resource elements  according to




where , , and  are given by Table 1.1. 
Proposal 3: To increase the number of orthogonal DM-RS ports within each symbol, columns 2 and 5 of matrix C can be selected as the additional OCCs over the 6 REs belonging to each CDM group. New ports 1008-1015 can be added for Type 1 DMRS

Type 2 DM-RS
For Type 2 DM-RS, considering the case of single symbol configuration, the number of ports can be doubled to support 12 orthogonal DM-RS ports. 

Proposal 4: For Type-2 DM-RS, two additional orthogonal cover codes can be introduced over the 4 REs in each CDM group of the DM-RS to additionally multiplex two more DM-RS antenna ports within each CDM group. 

The OCC can be a length-4 cover code which is given by the columns of the size 4 Hadamard matrix as follows

	
The first two columns of CH are currently supported for DM-RS ports 1000-1011 as shown in Table 7.4.1.1.2-2 from TS 38.211 v17.0.0 if we consider the mapping across all 4 REs in each CDM group from Figure 2. Using this approach, 6 additional ports (1012-1017) can be multiplexed in one symbol DM-RS and another 6 additional ports (1018-1023) can be multiplexed for two symbol DM-RS. This is shown in Table 1.2. 
Table 1.2: Parameters for PDSCH DM-RS configuration type 2.
	
	
CDM group 
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	1000
	0
	0
	+1
	+1
	+1
	+1
	+1
	+1

	1001
	0
	0
	+1
	-1
	+1
	-1
	+1
	+1

	1002
	1
	2
	+1
	+1
	+1
	+1
	+1
	+1

	1003
	1
	2
	+1
	-1
	+1
	-1
	+1
	+1

	1004
	2
	4
	+1
	+1
	+1
	+1
	+1
	+1

	1005
	2
	4
	+1
	-1
	+1
	-1
	+1
	+1

	1006
	0
	0
	+1
	+1
	+1
	+1
	+1
	-1

	1007
	0
	0
	+1
	-1
	+1
	-1
	+1
	-1

	1008
	1
	2
	+1
	+1
	+1
	+1
	+1
	-1

	1009
	1
	2
	+1
	-1
	+1
	-1
	+1
	-1

	1010
	2
	4
	+1
	+1
	+1
	+1
	+1
	-1

	1011
	2
	4
	+1
	-1
	+1
	-1
	+1
	-1

	1012
	0
	0
	+1
	+1
	-1
	-1
	+1
	+1

	1013
	0
	0
	+1
	-1
	-1
	+1
	+1
	+1

	1014
	1
	2
	+1
	+1
	-1
	-1
	+1
	+1

	1015
	1
	2
	+1
	-1
	-1
	+1
	+1
	+1

	1016
	2
	4
	+1
	+1
	-1
	-1
	+1
	+1

	1017
	2
	4
	+1
	-1
	-1
	+1
	+1
	+1

	1018
	0
	0
	+1
	+1
	-1
	-1
	+1
	-1

	1019
	0
	0
	+1
	-1
	-1
	+1
	+1
	-1

	1020
	1
	2
	+1
	+1
	-1
	-1
	+1
	-1

	1021
	1
	2
	+1
	-1
	-1
	+1
	+1
	-1

	1022
	2
	4
	+1
	+1
	-1
	-1
	+1
	-1

	1023
	2
	4
	+1
	-1
	-1
	+1
	+1
	-1





The UE should assume the DM-RS sequence  is scaled by a factor  to conform with the transmission power specified in [TS 38.214] and mapped to resource elements  according to




where , , and  are given by Table 1.2. 
Proposal 5: For DM-RS Type-2, the OCC [1 1 -1 -1] can be used as the FD-OCC for new DM-RS ports 1012, 1014, 1016, 1018, 1020, 1022 and the OCC [1 -1 -1 1] can be used as the FD-OCC for new DM-RS ports 1013, 1015, 1017, 1019, 1021, 1023.

DM-RS for 8Tx Uplink Transmissions
The following agreement was made in RAN1#109e for DM-RS for UL Ranks 5-8: 
	Agreement
1. 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  
1. Study whether to utilize Rel.18 DMRS ports for more than 4 layers SU-MIMO PUSCH. 
1. 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



DMRS enhancement for SU-MIMO
In Rel-15 uplink operation, 4-ports can be supported for Type-1 DMRS with single symbol, 6-ports can be supported for Type-2 DMRS with single symbol.
In Rel-18, up to 8Tx can be supported in uplink transmission. 4 or more layers will be supported for SU-MIMO. If more than 4 layers are supported, then the number of DMRS ports should be enhanced accordingly for SU-MIMO, e.g., 8-ports DMRS could be introduced for SU-MIMO operation.
In order to increase the number of DMRS ports for SU-MIMO, the solution to enhance DMRS capacity for uplink MU-MIMO as described in previous sections could be re-used.
Proposal 6: [bookmark: _Hlk102172747]If more than 4 layers are supported for 8Tx uplink transmission, the scheme to enhance DMRS capacity for uplink MU-MIMO could be re-used to increase the number of DMRS ports for SU-MIMO.

If the number of DMRS ports is increased, one issue is the Antenna Ports field in DCI scheduling PUSCH should be enhanced. The existing Antenna Ports field in DCI scheduling PUSCH only support up to Rank-4 transmission.
The Antenna Ports field for sing symbols Type-1 DMRS (CP-OFDM) is shown in Figure 4 to Figure 7.
[image: ]
[bookmark: _Ref101793195]Figure 4 Antenna Ports field with single symbol Type-1 DMRS for CP-OFDM and Rank-1

[image: ]
Figure 5 Antenna Ports field with single symbol Type-1 DMRS for CP-OFDM and Rank-2

[image: ]
Figure 6 Antenna Ports field with single symbol Type-1 DMRS for CP-OFDM and Rank-3

[image: ]
[bookmark: _Ref101793197]Figure 7 Antenna Ports field with single symbol Type-1 DMRS for CP-OFDM and Rank-4
Therefore, if more than 4 layers are supported for 8Tx uplink transmission, the enhancement on Antenna Ports field should be further discussed in RAN1.
Proposal 7: If more than 4 layers are supported for 8Tx uplink transmission, RAN1 to discuss the Antenna Port indication for DMRS enhancement for SU-MIMO.

Conclusion
In this paper, DM-RS design for Rel-18 NR was discussed and the following proposals were made
Proposal 1: The following are the key DM-RS design principles for Rel-18 NR 
· Consider DM-RS design which is backward compatible with Rel-15 DM-RS structure, i.e., pairing of legacy DM-RS and new DM-RS ports should be possible
· For Type I DM-RS, additional CS may be considered 
· For Type II DM-RS, OCC of larger length spanning 4 REs for single symbol DM-RS or 8 REs for 2 symbol DM-RS configuration may be considered

Proposal 2: For coherent JT, further study is needed on the required number of orthogonal DM-RS ports

Proposal 3: To increase the number of orthogonal DM-RS ports within each symbol, columns 2 and 5 of matrix C can be selected as the additional OCCs over the 6 REs belonging to each CDM group. New ports 1008-1015 can be added for Type 1 DMRS

Proposal 4: For Type-2 DM-RS, two additional orthogonal cover codes can be introduced over the 4 REs in each CDM group of the DM-RS to additionally multiplex two more DM-RS antenna ports within each CDM group. 

Proposal 5: For DM-RS Type-2, the OCC [1 1 -1 -1] can be used as the FD-OCC for new DM-RS ports 1012, 1014, 1016, 1018, 1020, 1022 and the OCC [1 -1 -1 1] can be used as the FD-OCC for new DM-RS ports 1013, 1015, 1017, 1019, 1021, 1023.

Proposal 6: If more than 4 layers are supported for 8Tx uplink transmission, the scheme to enhance DMRS capacity for uplink MU-MIMO could be re-used to increase the number of DMRS ports for SU-MIMO

Proposal 7: If more than 4 layers are supported for 8Tx uplink transmission, RAN1 to discuss the Antenna Port indication for DMRS enhancement for SU-MIMO.
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