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Background
In RAN#94e, the working items to enhance both downlink and uplink MIMO operations in Rel-18 were agreed [1].
According to the WID, the following item needs to be studied, and if justified, specified:
· Larger number of orthogonal DMRS ports for downlink and uplink MU-MIMO (without increasing the DM-RS overhead), only for CP-OFDM,
Potential enhancements for DL/UL DMRS
At RAN1#109e meeting, the following agreements were made in AI 9.1.3.1 for increased number of orthogonal DMRS ports [2].
	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. 



2.1 How to increase the number of DMRS ports for PDSCH/PUSCH
Enhance TD-OCC
For the legacy DMRS, additional DMRS symbol is optionally supported, and it is used to improve channel estimation accuracy by interpolation on time domain. For this reason, additional DMRS time location is far from front-load DMRS time location. If TD-OCC is introduced, the additional DMRS symbol is always needed and causes high latency for channel estimation. Therefore, we don’t support to utilize TD-OCC over non-contiguous DMRS symbols.
Proposal 1: We don’t support to utilize TD-OCC over non-contiguous DMRS symbols.
Sparser frequency allocation
For the legacy DMRS, DMRS resources with DMRS configuration Type 1 or Type 2 for each DMRS port occupies 6 or 4 subcarriers within each PRB, respectively. Furthermore, it was agreed to double the maximum number of DMRS ports for both DMRS configuration Type 1 and Type 2. For these reasons, for sparser frequency allocation, the occupied number of subcarriers is halved and channel estimation accuracy is degraded. Additionally, from backword compatibility perspective, Rel-15/16/17 UE cannot avoid Rel-18 DMRS frequency allocation. Therefore, we don’t support to utilize sparser frequency allocation (i.e., increase the number of CDM groups).
Proposal 2: We don’t support to utilize sparser frequency allocation.
Enhance FD-OCC
For the legacy DMRS, 2 FD-OCC is supported for both DMRS configuration Type 1 and Type 2 as specified in TS38.211.
	TS38.211
…
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



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






For example, sequence#1 [+1 +1] is uncorrelated with sequence#2 [+1 -1]. For 4 FD-OCC, sequence#1 and #2 are regarded as [+1 +1 +1 +1] and [+1 -1 +1 -1], respectively, and additionally sequence#3 [+1 +1 -1 -1] and sequence#4 [+1 -1 -1 +1] can be introduced. For this, auto-correlation value is maximized and other cross-correlation values are zero. That is, while keeping the legacy DMRS pattern, it can be orthogonal with Rel-18 DMRS pattern. For 4 FD-OCC, additional CDM groups and additional DMRS symbols are unnecessary (i.e., without increasing DMRS overhead). Therefore, we support to utilize 4 FD-OCC.
Proposal 3: We support to utilize 4 FD-OCC.
To utilize 4 FD-OCC, we propose additional parameters for both DMRS configuration Type 1 and Type 2 as the followings:
Table 1: Additional parameters for PDSCH DM-RS configuration type 1.
	
	
CDM group 
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	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



Table 2: Additional parameters for PDSCH DM-RS configuration type 2.
	
	
CDM group 
	
	[image: ]
	[image: ]

	
	
	
	[image: ]
	[image: ]
	
	
	[image: ]
	[image: ]

	1012
	0
	0
	+1
	+1
	
	
	+1
	+1

	1013
	0
	0
	+1
	-1
	
	
	+1
	+1

	1014
	1
	2
	+1
	+1
	
	
	+1
	+1

	1015
	1
	2
	+1
	-1
	
	
	+1
	+1

	1016
	2
	4
	+1
	+1
	
	
	+1
	+1

	1017
	2
	4
	+1
	-1
	
	
	+1
	+1

	1018
	0
	0
	+1
	+1
	
	
	+1
	-1

	1019
	0
	0
	+1
	-1
	
	
	+1
	-1

	1020
	1
	2
	+1
	+1
	
	
	+1
	-1

	1021
	1
	2
	+1
	-1
	
	
	+1
	-1

	1022
	2
	4
	+1
	+1
	
	
	+1
	-1

	1023
	2
	4
	+1
	-1
	
	
	+1
	-1



2.2 Enhance dynamic antenna ports indication
For MU-MIMO, co-scheduled legacy UEs are potentially in the same CDM group as the UE with Rel-18 DMRS ports. In this case, although Rel-18 DMRS ports are orthogonal with the legacy DMRS ports, the channel estimation performance of the co-scheduled legacy UEs is degraded due to un-known interference of the Rel-18 UE. Therefore, for MU-MIMO, it should be avoided that the legacy UE is co-scheduled with the UE with Rel-18 DMRS ports.
Enhance the antenna port indication table in TS38.212
To indicate one or more of the increased DMRS ports by DCI format, the number of information bits needs to be extended. At least 1 bit should be added to the antenna port indication field in DCI format 1_1/1_2 because it was agreed that the maximum number of Rel-18 DMRS ports is doubled from Rel-15 DMRS ports.
Furthermore, a Rel-18 UE should use  to demodulate PDSCH even if Rel-15 DMRS ports are indicated to the Rel-18 UE in the following equation. This is because, if Rel-18 DMRS ports for other Rel-18 UEs are within the same CDM group as Rel-15 DMRS ports used by the Rel-18 UE, the Rel-18 UE needs to de-spread codes of the Rel-18 DMRS ports for the other Rel-18 UEs. That is, even if Rel-15 DMRS ports are used by the Rel-18 UE, there is a case that  is used to de-spread codes of Rel-18 ports other UEs, in addition to a case that  is used to prevent a degradation of channel estimation accuracy. For this reason, at least 1 bit should be added to indicate to use .


Proposal 4: At least 2 bits should be added to the antenna port indication field in DCI format 1_1/1_2 for the following cases:
· (1 bit): Indicate one of new antenna ports
· (1 bit): Indicate to use .
Furthermore, the increased maximum number DMRS ports causes a trade-off of degradation of channel estimation accuracy due to larger OCC length. For this reason, the legacy DMRS ports are used as much as possible. For MU-MIMO, both Rel-18 DMRS and legacy DMRS ports should be used for UE multiplexing. Additionally, for MU-MIMO, data of a UE should not be mapped to residual REs on DMRS symbol because DMRSs of other UEs are mapped to the residual REs. Therefore, for Rel-18 DMRS, the number of DMRS CDM groups without data should be 2 for DMRS configuration Type 1 and 3 for DMRS configuration Type 2 for MU-MIMO.
Proposal 5: For Rel-18 DMRS, the number of DMRS CDM groups without data should be 2 for DMRS configuration Type 1 and 3 for DMRS configuration Type 2.
For example, when Rel-18 DMRS ports are enabled, the following table should be used for DMRS configuration Type 1 with single symbol:
Table 3: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=1, ExtendedDMRSports = enabled,
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0

	1
	1
	1

	2
	1
	0,1

	3
	2
	0

	4
	2
	1

	5
	2
	2

	6
	2
	3

	7
	2
	0,1

	8
	2
	2,3

	9
	2
	0-2

	10
	2
	0-3

	11
	2
	0,2

	12
	2
	8

	13
	2
	9

	14
	2
	10

	15
	2
	11

	16
	2
	8, 9

	17
	2
	10, 11

	18
	2
	8-10

	19
	2
	8-11

	20-31
	Reserved
	Reserved




2.3 Enhance DMRS to PTRS mapping for PUSCH
It was agreed to study DMRS enhancements for more than 4 layers SU-MIMO PUSCH. For DMRS port allocation, DL DMRS table can be reused. However, for UL PTRS, one or two PTRS ports are indicated by DCI format based on scheduled DMRS ports.
For the current spec, when one PTRS port is used, one of up to 4 layers (4 DMRS ports) can be selected. Since up to 4 DMRS ports are scheduled in order, that is, the order which up to 4 DMRS ports are scheduled is fixed, PTRS-DMRS association field should be possible to select one of all the scheduled DMRS ports. For this reason, for more than 4 layers SU-MIMO PUSCH, PTRS-DMRS association field should be possible to select one of more than 4 the scheduled DMRS ports.
	TS38.212
…
Table 7.3.1.1.2-25: PTRS-DMRS association or Second PTRS-DMRS association for UL PTRS port 0
	Value
	DMRS port

	0
	1st scheduled DMRS port

	1
	2nd scheduled DMRS port

	2
	3rd scheduled DMRS port

	3
	4th scheduled DMRS port

	4
	5th scheduled DMRS port

	5
	6th scheduled DMRS port

	6
	7th scheduled DMRS port

	7
	8th scheduled DMRS port






Proposal 6: For more than 4 layers SU-MIMO PUSCH, PTRS-DMRS association field should be possible to select one of more than 4 the scheduled DMRS ports.

Conclusion
In this contribution, we have the following proposal:
Proposal 1: We don’t support to utilize TD-OCC over non-contiguous DMRS symbols.
Proposal 2: We don’t support to utilize sparser frequency allocation.
Proposal 3: We support to utilize 4 FD-OCC.
Proposal 4: At least 2 bits should be added to the antenna port indication field in DCI format 1_1/1_2 for the following cases:
· (1 bit): Indicate one of new antenna ports
· (1 bit): Indicate to use .
Proposal 5: For Rel-18 DMRS, the number of DMRS CDM groups without data should be 2 for DMRS configuration Type 1 and 3 for DMRS configuration Type 2.
Proposal 6: For more than 4 layers SU-MIMO PUSCH, PTRS-DMRS association field should be possible to select one of more than 4 the scheduled DMRS ports.
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