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1  Introduction

A new work item on MIMO evaluation for DL and UL was approved in RAN#94 meeting [1]. DMRS enhancement is included in the WID. In this contribution, we mainly share our considerations on increasing number of orthogonal DMRS ports and DMRS enhancement for 8 TX UL transmission.
2  Schemes for increasing the number of DMRS ports 
In RAN1#109e meeting [2], the following agreements were made for increasing the number of orthogonal DMRS ports.
	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. 


For legacy DMRS design, both FDM and CDM are used for frequency-domain port multiplexing. To increase the maximum number of orthogonal DMRS ports for PDSCH/PUSCH, five options were proposed in RAN1#109-e meeting.
For Opt.1 (FD-OCC based enhancement), larger FD-OCC length than Rel-15 can be introduced. For R15 DMRS design, length-2 FD-OCC is used in both Type I DMRS and Type II DMRS. To double the maximum number of orthogonal ports, we think both length-4 FD-OCC and length-6 FD-OCC can be considered for Type I DMRS. The example of length-4 FD-OCC and length-6 FD-OCC applied for 1-symbol Type I DMRS within a PRB is shown in Fig.1
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Fig. 1 FD-OCC enhancement for Type I DMRS

For Type I DMRS, each port occupies 6 REs within a PRB. Length-6 FD-OCC can be applied to each DMRS port within a PRB. For length-4 FD-OCC, two length-4 FD-OCC estimations can be applied within a PRB, and the middle two REs will be involved in two different channel estimations. Another way is to apply three length-4 FD-OCC estimations across two consecutive PRBs, but it will restrict the gNB to only schedule even number of PRBs for PDSCH/ PUSCH. 
For Type II DMRS, each port occupies 4 REs within a PRB. Length-4 FD-OCC can be applied to each DMRS port within a PRB. The example of length-4 FD-OCC applied for 1-symbol Type II DMRS within a PRB is shown in Fig.2. For 2-symbol DMRS pattern, the same enhancement can be used.
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Fig. 2 FD-OCC enhancement for Type II DMRS

Proposal 1: To increase the number of DMRS ports for PDSCH/PUSCH, support Opt.1 (enhance FD-OCC) with the following: 
· For Type I DMRS, length-6 and/or length-4 FD-OCC can be considered.

· For Type II DMRS, length-4 FD-OCC can be considered.
Another scheme to increase the number of DMRS ports is to increase the number of CDM groups by sparser frequency allocation (Opt.3). An example of enhanced 1-symbol and double-symbols Type II DMRS is given in Fig.3. The number of CDM groups is increased to 6. 
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Fig. 3 FD-OCC enhancement for Type II DMRS

For Type I DMRS, comb-2 structure can be modified to comb-4 structure to support more CDM groups. An example of enhanced Type I DMRS with single symbol and double symbols is given in Fig.4. Each DMRS port occupies 3 REs per symbol per PRB, therefore the FD-OCC length needs to be enhanced. Besides, the RE mapping method, power boosting scheme should be modified accordingly.
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Fig. 4 FD-OCC enhancement for Type I DMRS

Proposal 2: To increase the number of DMRS ports for PDSCH/PUSCH, Opt.3 (Sparser frequency allocation) can be considered.
For both Opt.1 (enhance FD-OCC) and Opt.3 (Sparser frequency allocation) enhancement, how to multiplex legacy UE and Rel-18 UE for MU-MIMO should be considered. For Opt.1, if length-4 or length-6 FD-OCC is applied for Rel-18 UE, the constraints of co-scheduling legacy UE and Rel-18 UE should be discussed since the interference may be exist. For Opt.3, legacy UE and Rel-18 UE can be multiplexed in different CDM groups, but the total number of orthogonal DMRS ports will be decreased when scheduling legacy UE and Rel-18 UE for MU-MIMO.
Proposal 3: Study the constraints of scheduling legacy UE and Rel-18 UE for MU-MIMO.
3  DMRS enhancement for 8 TX UL transmission
In RAN1#109e meeting [2], potential DMRS enhancement for potential support of more than 4 layers SU-MIMO PUSCH has been identified for further study.
	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. 


In Rel-15, up to 4 layers transmission are supported for UL with maximum 4 DMRS antenna ports indication in DCI. To enable 8 TX UL operation to support up to 8 layers UL transmission, maximum 8 DMRS antenna ports indication should be supported in DCI. In Rel-15, maximum 8 DMRS antenna ports indication has been supported for DL, which can be used as a starting point for UL DMRS antenna ports indication design. For less than or equal to 4 layers UL transmission, current DMRS port indication can be reused without additional enhancement. For larger than 4 layers UL transmission, the available DMRS ports combination for DL can be reused for UL.
Proposal 4: For larger than 4 layers UL transmission, the available DMRS ports combination for DL can be reused for UL.
The discussion of supporting up to 24 orthogonal DMRS ports for downlink and uplink is ongoing. On one hand, supporting larger number of orthogonal DMRS ports is benefit for MU-MIMO of 8 TX UE, on the other hand, to consider the specification integrity and forward compatibility, we suggest to utilize Rel-18 DMRS ports for more than 4 layers SU-MIMO PUSCH.
Proposal 5: Support utilizing Rel.18 DMRS ports for more than 4 layers SU-MIMO PUSCH.
In Rel-15, if a UE has reported the capability of supporting full-coherent UL transmission, the UE shall expect the number of UL PT-RS ports to be configured as one. For partial-coherent and non-coherent codebook based UL transmission, the actual number of UL PT-RS port(s) is determined based on TPMI and/or number of layers as: PUSCH antenna port 1000 and 1002 in indicated TPMI share PT-RS port 0, and PUSCH antenna port 1001 and 1003 in indicated TPMI share PT-RS port 1. For codebook or non-codebook UL transmission scheduled by DCI format 0_1, the association between UL PT-RS port(s) and DM-RS port(s) is signaled by PTRS-DMRS association field in DCI format 0_1. In Rel-17, for M-TRP PUSCH repetition, when maxRank=2, the number of bits for the indication of PTRS-DMRS association is the same as Rel-15/16, MSB and LSB separately indicating the association between PT-RS port and DMRS port for two TRPs. When maxRank>2, a second PTRS-DMRS association field (similar to the existing field) is added in DCI format 0_1, and each field separately indicating the association between PT-RS port and DMRS port for two TRPs.
To support up to 8 layers UL transmission, PTRS-DMRS association should be enhanced to indicate the PT-RS port association with up to 8 DMRS ports. 
· For full-coherent UE, the UE shall expect the number of UL PT-RS ports to be configured as one. As shown in Table 1, 3 bits of PTRS-DMRS association field is needed to indicate the association between PT-RS port 0 and up to 8 DMRS port. 
· For partial-coherent and non-coherent UE, if four antenna groups are assumed for UE’s antenna layouts, where each group comprises coherent antennas, and across groups, antennas are non-coherent, the maximal PT-RS ports to be configured is 4. For codebook based UL transmission, the actual number of UL PT-RS port(s) is determined based on TPMI and/or number of layers as: PUSCH antenna port 1000 and 1004 in indicated TPMI share PT-RS port 0, and PUSCH antenna port 1001 and 1005 in indicated TPMI share PT-RS port 1, PUSCH antenna port 1002 and 1006 in indicated TPMI share PT-RS port 2, and PUSCH antenna port 1003 and 1007 in indicated TPMI share PT-RS port 3. As shown in Table 2, 4 bits of PTRS-DMRS association field is needed to indicate the association between PT-RS port and DMRS port pair. If two antenna groups are assumed for UE’s antenna layouts, the maximal PT-RS ports to be configured is 2, and the actual number of UL PT-RS port(s) is determined based on TPMI and/or number of layers as: PUSCH antenna port 1000, 1002, 1004 and 1006 in indicated TPMI share PT-RS port 0, and PUSCH antenna port 1001, 1003, 1005 and 1007 in indicated TPMI share PT-RS port 1. As shown in Table 3, 4 bits of PTRS-DMRS association field is needed to indicate the association between PT-RS port and DMRS port pair. For non-codebook based UL transmission, the actual number of UL PT-RS port(s) to transmit is determined based on SRI(s) in DCI format 0_1 or higher layer parameter sri-ResourceIndicator in rrc-ConfiguredUplinkGrant.
Table 1: 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


Table 2: PTRS-DMRS association for UL PTRS ports 0, 1, 2 and 3
	Value of lowest bit
	DMRS port
	
	Value of the third bit
	DMRS port

	0
	1st DMRS port which shares PTRS port 0
	
	0
	1st DMRS port which shares PTRS port 1

	1
	2nd DMRS port which shares PTRS port 0
	
	1
	2nd DMRS port which shares PTRS port 1

	Value of second
	DMRS port
	
	Value of first bit
	DMRS port

	0
	1st DMRS port which shares PTRS port 0
	
	0
	1st DMRS port which shares PTRS port 1

	1
	2nd DMRS port which shares PTRS port 0
	
	1
	2nd DMRS port which shares PTRS port 1


Table 3: PTRS-DMRS association for UL PTRS ports 0 and 1
	Value of MSB
	DMRS port
	
	Value of LSB
	DMRS port

	0
	1st DMRS port which shares PTRS port 0
	
	0
	1st DMRS port which shares PTRS port 1

	1
	2nd DMRS port which shares PTRS port 0
	
	1
	2nd DMRS port which shares PTRS port 1

	2
	3rd DMRS port which shares PTRS port 0
	
	2
	3rd DMRS port which shares PTRS port 1

	3
	4th DMRS port which shares PTRS port 0
	
	3
	4th DMRS port which shares PTRS port 1


For PUSCH scheduled by DCI format 0_0 or by activation DCI format 0_0, for PUSCH corresponding to a configured grant Type 1 transmission, Rel-15 procedure can be reused without further enhancement.
Proposal 6: To support up to 8 layers UL transmission, PTRS-DMRS association should be enhanced to indicate the PTRS association with up to 8 DMRS ports.
4  Conclusion

In this contribution, we share our views on increasing number of orthogonal DMRS ports. The proposals are summarised as follows:
Proposal 1: To increase the number of DMRS ports for PDSCH/PUSCH, support Opt.1 (enhance FD-OCC) with the following: 
· For Type I DMRS, length-6 and/or length-4 FD-OCC can be considered.

· For Type II DMRS, length-4 FD-OCC can be considered.

Proposal 2: To increase the number of DMRS ports for PDSCH/PUSCH, Opt.3 (Sparser frequency allocation) can be considered.
Proposal 3: Study the constraints of scheduling legacy UE and Rel-18 UE for MU-MIMO.
Proposal 4: For larger than 4 layers UL transmission, the available DMRS ports combination for DL can be reused for UL.
Proposal 5: Support utilizing Rel.18 DMRS ports for more than 4 layers SU-MIMO PUSCH.

Proposal 6: To support up to 8 layers UL transmission, PTRS-DMRS association should be enhanced to indicate the PTRS association with up to 8 DMRS ports.
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