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1. BACKGROUND
The WID for Rel-18 MIMO enhancements was concluded in RAN plenary #94 [1]. According to the WID, DMRS enhancements aimed at increasing orthogonal DMRS ports for uplink and downlink MU-MIMO transmissions was stated in Objective 3 while considerations to support DMRS design for 8 TX UL SU-MIMO operation was described in Objective 5.
In RAN1 meeting #110b-e, the discussions focused on FD-OCC design for Rel-18 enhanced Type 1/enhanced Type2 DMRS configuration, and the association between Rel-18 DRMS port indices of PUSCH/PDSCH. Based on the discussion, the following agreements were reached [2]. 

	For more than 4 layers SU-MIMO PUSCH, support
· Both Rel.15 Type 1/Type 2 DMRS ports and Rel.18 eType 1/eType 2 DMRS ports. 
· For UE supporting Rel.18 eType 1/eType 2 DMRS ports, UE can be indicated with either of Rel.15 Type 1/Type 2 DMRS ports or Rel.18 eType 1/eType 2 DMRS ports.
· RRC based indication is supported as the baseline. FFS whether DCI based indication is further needed.
· For UE not supporting Rel.18 eType 1/eType 2 DMRS ports, UE can be indicated with Rel.15 Type 1/Type 2 DMRS ports only.

For enhanced FD-OCC length for DMRS of PDSCH/PUSCH for Rel.18 eType 1 DMRS, support
· Opt.1-2: Length 4 FD-OCC is applied to 4 REs of DMRS within a PRB or across consecutive PRBs within an CDM group

Confirm the working assumption in RAN1#110 with the following update: 
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). 

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 



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 




For FD-OCC length 4 in Rel.18 eType 1 DMRS for PDSCH, support the following: 
· Introduce UE capability to report whether UE can be scheduled PDSCH without the scheduling restriction for FD-OCC length 4 in Rel.18 eType 1 DMRS. 
· If this capability is not supported by the UE, UE expects that gNB shall apply the scheduling restriction for PDSCH for FD-OCC length 4 in Rel.18 eType 1 DMRS.
· The scheduling restriction above means satisfying all of the following at least for other than M-TRP PDSCH transmission with FDM 2a or FDM 2b scheme. 
· 1) The number of consecutively scheduled PRBs for PDSCH is even.
· 2) The number of PRBs offset of scheduled PDSCH from point A (common resource block 0) is even.
· 3) FFS: Restriction on scheduling of different UEs in case of MU-MIMO.
· FFS: Scheduling restriction for M-TRP PDSCH transmission with FDM 2a or FDM 2b scheme.
· Note1: Up to UE how to implement DMRS channel estimation.
· Note2: No further RAN1 specification enhancement is introduced to handle the orphan REs (e.g. if the total number of REs of DMRS in a CDM group is not multiples of 4, how to handle the remainder of REs) for UE that is scheduled PDSCH without the scheduling restriction.
· Note 3: Other scheduling restrictions, if identified in future meetings, are not precluded.

Conclusion
For FD-OCC length 4 in Rel.18 eType 1 DMRS for PUSCH,  
· No spec. enhancement is needed to handle orphan RE issue (e.g. if the total number of REs of DMRS in a CDM group is not multiples of 4, how to handle the remainder of REs), because gNB (receiver) can decide whether the scheduling restriction is needed or not. 





2. DISCUSSION 

2.1 DYNAMIC SWITCHING FOR > 4 LAYERS SU-MIMO PUSCH
	For more than 4 layers SU-MIMO PUSCH, support
· Both Rel.15 Type 1/Type 2 DMRS ports and Rel.18 eType 1/eType 2 DMRS ports. 
· For UE supporting Rel.18 eType 1/eType 2 DMRS ports, UE can be indicated with either of Rel.15 Type 1/Type 2 DMRS ports or Rel.18 eType 1/eType 2 DMRS ports.
· RRC based indication is supported as the baseline. FFS whether DCI based indication is further needed.
· For UE not supporting Rel.18 eType 1/eType 2 DMRS ports, UE can be indicated with Rel.15 Type 1/Type 2 DMRS ports only.



In the last RAN 1 meeting #110b-e, it was agreed that for more than 4 layers SU-MIMO uplink transmission, the number of supported orthogonal DMRS ports may be determined as a function of the UE capability. For a UE supporting Rel-18 eType 1/eType 2 DMRS ports, UE can be RRC configured with either Rel-15 Type 1/Type 2 DMRS ports or Rel-18 eType 1/eType 2 DMRS ports. However, whether the UE can be dynamically indicated to use Rel-15 DMRS ports or Rel-18 DMRS ports for PUSCH is for further study.
From our perspective, it would be beneficial if a Rel-18 UE can be dynamically indicated to switch between Rel-15 DMRS ports and enhanced Rel-18 DMRS ports. Such mechanism provides a higher flexibility for gNB scheduler to adapt to different traffic and channel conditions. From DCI design perspective, we could reuse one bit from the existing reserved DCI bit fields to indicate whether a scheduled transmission should be based on Rel-15 or Rel-18 DMRS port configuration.
[bookmark: _Hlk118193532]
Observation 1:  DCI-based indication provides a higher flexibility for gNB scheduler to adapt to different traffic  and channel conditions.

[bookmark: _Hlk118194564]Proposal 1: Support DCI-based indication for switching between Rel-15 and Rel-18 DMRS ports.

2.2  FD-OCC DESIGN FOR REL-18 DMRS PORTS
	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 Rel-15 NR DMRS port design for data transmission/reception, FD-OCC length 2 used for DMRS port multiplexing was based on the Hadamard code. For Rel-18 DMRS ports, there is no strong reason to justify a deviation from the existing design. As in Opt.1-1, Hadamard code can be easily extended to support a four port orthogonalization with a less complexity. From our perspective, Opt.1-1 is sufficient to support FD-OCC length 4. 
[bookmark: _Hlk118193556]
Observation 2: Hadamard code can be easily extended to support a four port orthogonalization with less complexity.
 
Proposal 2: For FD-OCC length 4 for DMRS of PDSCH/PUSCH, support Hadamard code for DMRS port orthogonalization.
		
2.3  ENHANCED DMRS: MU-MIMO TRANSMISSION
	For FD-OCC length 4 in Rel.18 eType 1 DMRS for PDSCH, support the following: 
· Introduce UE capability to report whether UE can be scheduled PDSCH without the scheduling restriction for FD-OCC length 4 in Rel.18 eType 1 DMRS. 
· If this capability is not supported by the UE, UE expects that gNB shall apply the scheduling restriction for PDSCH for FD-OCC length 4 in Rel.18 eType 1 DMRS.
· The scheduling restriction above means satisfying all of the following at least for other than M-TRP PDSCH transmission with FDM 2a or FDM 2b scheme. 
· 1) The number of consecutively scheduled PRBs for PDSCH is even.
· 2) The number of PRBs offset of scheduled PDSCH from point A (common resource block 0) is even.
· 3) FFS: Restriction on scheduling of different UEs in case of MU-MIMO.
· FFS: Scheduling restriction for M-TRP PDSCH transmission with FDM 2a or FDM 2b scheme.
· Note1: Up to UE how to implement DMRS channel estimation.
· Note2: No further RAN1 specification enhancement is introduced to handle the orphan REs (e.g., if the total number of REs of DMRS in a CDM group is not multiples of 4, how to handle the remainder of REs) for UE that is scheduled PDSCH without the scheduling restriction.
· Note 3: Other scheduling restrictions, if identified in future meetings, are not precluded.

Conclusion
For FD-OCC length 4 in Rel.18 eType 1 DMRS for PUSCH,  
· No spec. enhancement is needed to handle orphan RE issue (e.g., if the total number of REs of DMRS in a CDM group is not multiples of 4, how to handle the remainder of REs), because gNB (receiver) can decide whether the scheduling restriction is needed or not. 



In the DMRS configuration Type 1, there are 6 DMRS REs in a PRB per OFDM symbol. When FD-OCC length 4 is used for DMRS port multiplexing, the issue of orphan REs may arise – since the first DMRS REs are covered with the first OCC, while the remaining two REs within a PRB may be bundled with the first two REs in the adjacent PRB to complete the next set of OCC. For MU-MIMO transmission, the issue of orphan REs may pose a challenge if 2 or more UEs are co-scheduled but with different starting PRBs. Since the co-scheduled UEs are on different starting PRBs, the OCCs are mismatched and cannot be used for orthogonalization of DMRS ports. 

[bookmark: _Hlk117850926]For example, Figure 1-a shows an exemplary case of MU-MIMO transmission configured with DMRS type 1 with FD-OCC length 4. In this case, two UEs, each configured with 2 DMRS ports, are scheduled with the same starting PRB for their PDSCH resource mapping. Therefore, the OCC mappings for the co-scheduled UE are perfectly aligned to enable a proper orthogonalization of DMRS ports associated to the 2 UEs. Figure 1-b shows another case of MU-MIMO transmission configured with DMRS type 1 with FD-OCC length 4. In this case, two UEs, each configured with 2 DMRS ports, are scheduled with a different starting PRB for their PDSCH resource mapping. As demonstrated in Figure 1-b, the starting PRB of the scheduled transmission for UE 1 is at PRB 0, while the starting PRB of the scheduled transmission for UE 2 is at PRB 1. In this case, since PDSCH allocations are not aligned due to different starting PRBs, the OCCs are mismatched and cannot be used for orthogonalization of DMRS ports. 
Figure 1-c shows an exemplary solution for the case of MU-MIMO transmission configured with DMRS type 1 with FD-OCC length 4 when the starting PRB of the scheduled PDSCH transmissions is not the same or not separated by an even number of PRBs. In this case, for proper orthogonalization and separation of the DMRS ports, the starting RE of the OCC of one of the UE may be shifted by half the length of the OCC. As demonstrated in Figure 1-c, while the starting PRB of the scheduled transmission for UE 2 is at PRB 1, the start of the full OCC in PRB 1 is at the third DMRS RE. As a result of this shift, the remaining sets of OCCs will be perfectly aligned. 
[bookmark: _Hlk118209788]Therefore, when a UE is configured with an FD-OCC length that results in some orphans REs, a UE may use a FD shifted version of the OCC mapping to align its mapping with another scheduled transmission. 



[bookmark: _Ref117850839]Figure 1 MU-MIMO transmission with and without FD shift of OCC mapping
[bookmark: _Hlk118193716]
[bookmark: _Hlk118194680]Observation 3: When a UE is configured with an FD-OCC length that results in some orphans REs, a UE may use a FD shifted version of the OCC mapping to align its mapping with another scheduled transmission. 

Proposal 3: Study use of FD shifted version of the OCC mapping to align OCC mapping of UEs with different starting PRBs.
				
2.4 PTRS-DMRS ENHANCEMENT
To support more than 4-layer (e.g., up to 8 Tx) uplink transmission, the PTRS-DMRS port indication needs to be enhanced. In Rel-17, if PTRS-UplinkConfig is configured, up to two PTRS ports may be configured with a set of DMRS ports. PTRS-DMRS association is indicated by the scheduling DCI. For the indication, a 2-bit field is used to indicate the association between PTRS port(s) and DMRS port(s) where the DMRS antenna ports are indicated by the Antenna ports field.
 
[bookmark: _Hlk118193868]Observation 4: For more than 4- layer uplink transmission, the PTRS-DMRS port indication should be enhanced.

[bookmark: _Hlk118194719]Proposal 4: RAN1 should not increase DCI payload, but rather reuse existing fields in DCI for PTRS-DMRS port indication.

PTRS-DMRS Port Indication
The PTRS-DMRS port indication depends on the UE coherence capability (Full/Partial coherent, Non-coherent) and received DCI configuration, wherein for full coherent UE, one PTRS is mapped to a set of configured DMRS ports, and for Partial/Non-coherent UE, up to 2 PTRS port at mapped to a set of configured DMRS ports. 
A UE with an 8-Tx antenna configuration may be subdivided into a set of 2 or 4 antenna groups, comprising 4 or 2 Tx antennas per antenna group, respectively. For a fully coherent UE, only one PTRS port is needed to be mapped to one of the scheduled DMRS ports. On the other hand, for a partially coherent UE that is comprised of more than one antenna group, more than one PTRS port may be configured for the PUSCH data transmission/reception. 

[bookmark: _Hlk118193437]Observation 5: For uplink transmission, if the UE antenna configuration can be partitioned into antenna groups, the number of PTRS ports may depend on the number of indicated antenna groups and/or the antenna coherency within each antenna group.

Proposal 5: Support more PTRS ports based on the number of indicated antenna groups and/or antenna coherency.

3. CONCLUSIONS
In this contribution we provided our perspective on various aspects of Rel-18 DMRS design. Based on the presented discussion, we make the following observations and proposals:

Observation 1:  DCI-based indication provides a higher flexibility for gNB scheduler to adapt to different traffic and channel conditions.

Observation 2: Hadamard code can be easily extended to support a four port orthogonalization with less complexity.

Observation 3: When a UE is configured with an FD-OCC length that results in some orphans REs, a UE may use 
a FD shifted version of the OCC mapping to align its mapping with another scheduled transmission. 

Observation 4: For more than 4- layer uplink transmission, the PTRS-DMRS port indication should be enhanced.

Observation 5: For uplink transmission, if the UE antenna configuration can be partitioned into antenna groups, the number of PTRS ports may depend on the number of indicated antenna groups and/or the antenna coherency within each antenna group.

Proposal 1: Support DCI-based indication for switching between Rel-15 and Rel-18 DMRS ports.

Proposal 2: For FD-OCC length 4 for DMRS of PDSCH/PUSCH, support Hadamard code for FD-OCC length 4.

Proposal 3: Study use of FD shifted version of the OCC mapping to align OCC mapping of UEs with different starting PRBs.

Proposal 4: RAN1 should not increase DCI payload, but rather reuse existing fields in DCI for PTRS-DMRS port indication.

Proposal 5: Support more PTRS ports based on the number of indicated antenna groups and/or antenna coherency.
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