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Introduction
In this contribution, we share our views on the issues for DMRS enhancements. In section 2.1 we consider orthogonal DMRS ports to support more number of MU-MIMO UEs, and in section 2.2 we discuss the potential DMRS enhancement when more than four layers per UE are supported for 8Tx UL transmission.
Discussion
DMRS enhancement for MU-MIMO

The following agreements were made in previous meetings.

	Agreement
For enhanced FD-OCC length for DMRS of PDSCH/PUSCH, support the following FD-OCC length:
· For Rel.18 DMRS type 1, down select from the following in RAN1#110bis-e:
· Opt.1-1: Length 6 FD-OCC is applied to 6 REs of DMRS within a PRB within an CDM group
· 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
· For Rel.18 DMRS type 2:
· Length 4 FD-OCC is applied to 4 REs of DMRS within a PRB within an CDM group
· FFS: Support of length 6 FD-OCC
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.



Legacy DMRS can be configured with one of two types. The type 1 supports up to 4 ports for single-symbol DMRS (by using length 2 F-CDM and FDM) and 8 ports for double-symbol DMRS (by using length 2 F/T-CDM and FDM). The type 2 supports up to 6 ports for single-symbol DMRS (by using length 2 F-CDM and 3 FDM) and 12 ports for double-symbol DMRS (by using length 2 F/T-CDM and 3 FDM). The maximum number of enhanced DMRS ports in Rel.18 is doubled from Rel.15 DMRS ports.
 According to the agreement on the more FD-OCC, it is vulnerable to frequency selectivity because the same channel should be maintained between subcarriers on which OCC is applied. In FR2, the effect of frequency selectivity may be small due to LOS dominant channel but, in FR1, we should take this effect into account more carefully if FD-OCC length increases. Also, if more FD-OCC is applied, it limits multiplexing legacy UE and Rel-18 UE in the same CDM group because some of length 4/6 OCC and length 2 OCC cannot be orthogonal each other. The length 4 has a problem such as orphan RE, and the UE implementation may be more complicated than length 6 since length 4 OCC is applied twice for a DMRS symbol per RB. For orphan RE, the method of discarding 2RE is easy to implement, but it has performance degradations.
A minor performance gap between length 4 and length 6 in frequency selective channel is shown in [1] and, if frequency selectivity is high, gNB is always able to configure legacy DMRS to avoid potential performance loss. In addition, length 6 would be better than length 4 in consideration of backward compatibility. Specifically, in case of UL MU-MIMO, the length 6 FD-OCC can provide more flexibility or more orthogonal ports than the length 4 FD-OCC when Rel-15 UE and Rel-18 UE are co-scheduled for MU-MIMO [2].

Proposal #1: To increase the number of orthogonal DMRS ports, support length 6 FD-OCC in DMRS configure type 1 and length 4 FD-OCC in DMRS configure type 2. 


	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. 


 
In addition, it is necessary to discuss DMRS port indication. A simple approach is to indicate DMRS ports by using legacy DMRS port indication table and apply port offset configured in UE specific manner. 
As an example, when value 20 (rank = 2, port 0, port 1) is indicated on the existing DMRS table assuming dmrs-Type=1 and maxLength=2, the UE interprets that port 0+f (i.e., offset) and port 1+f are indicated. If offset (f=0) is set to UE1, the ports are indicated in a subset of ports 0 to 7. On the other hand, if offset (f = 8) is set to UE2, the ports are indicated in a subset of port 8 to 15. In other words, the value 20 is indicated, UE1 interprets it as (rank = 2, port 0, port 1) and UE2 interprets it as adding +8 to each port (rank = 2, port 8, port 9).

Proposal #2. Reuse legacy DMRS port indication table and configure DMRS port offset to indicate Rel-18 orthogonal DMRS ports.
8Tx UL DMRS

	Agreement
· For > 4 layers PUSCH, support rank = 5,6,7,8 for both DMRS type 1/2, and for both single-symbol/double-symbol DMRS.



When increasing from max rank 4 to max rank 8, it is necessary to discuss how to indicate the UL DMRS ports for more than 4 layers. Regarding this issue, our view is to support only one port combination for each of UL rank 5/6/7/8 and it can be one of supported DL DMRS port combinations. Specifically, in the DL DMRS table, rank 5 can be indicated by one of two port combinations and if the same UL DMRS port combinations as DL DMRS port combination are introduced for rank 5, 1 bit in the UL DMRS port indication field needs to be used. In the same way, 1bit is needed for UL rank 6 DMRS port indication if the same port combinations are supported as DL. On the other hand, if only one of the port combinations for DL rank 5/6 is introduced for UL, the whole bits of UL DMRS antenna port indication field can be reused for 2nd CW scheduling in case of rank 5/6/7/8. Note that rank 7/8 already have only 1 combination in DL. For example, it can be used as a scheduling field such as NDI, RV or MCS for the 2nd UL CW.
[bookmark: 153][bookmark: 163]
Proposal #3: For UL DMRS ports indication for rank 5/6/7/8, support only one port combination for each of rank 5/6/7/8 and reuse the DMRS port indication field for 2nd codeword scheduling such as NDI, RV or MCS. 

	Agreement
For support of more than 4 layers SU-MIMO PUSCH, study the following potential enhancements for PTRS-DMRS association. 
· Whether to support more than 2-port UL PTRS.
· Whether to increase the DCI size of PTRS-DMRS association field in DCI format 0_1/0_2.



In legacy system, up to 2 UL PT-RS ports are supported considering partial/non-coherent 4 ports. Meanwhile, for 8 Tx antenna ports, there can be no coherence at all among 8 antenna ports or 4 pairs of coherent antenna ports can be considered depending on antenna implementation. In this case, 2 PT-RS ports may not be sufficient for phase noise estimation from more than two phase noise sources. Therefore, increasing the maximum number of PT-RS ports can be considered.

Proposal #4: For the non/partial coherence 8Tx antenna ports, consider increasing the maximum number of PT-RS ports up to 4.
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On the other hand, even if up to two UL PT-RS ports are supported for 8Tx UE, the size of DMRS to PT-RS association field should be increased. If the maximum number of PT-RS ports is set to one, it can be extended from 2 bits to 3 bits to indicate one port out of the 1st to 8th scheduled DMRS port. If the maximum number of PT-RS ports is set to two, it can be extended from 2bits to 4bits. In the case of the NCB PUSCH, MSB 2bit indicates that one of the 1st to 4th DMRS port which shares PT-RS port 0 and LSB 2bit indicates one of the 1st to 4th DMRS port which shares PT-RS port 1. In the case of CB PUSCH, MSB 2bit indicates that one of the 1st to 4th DMRS port corresponding to layers using PUSCH antenna port 1000, 1002, 1004 and 1006. LSB 2bit indicates that one of the 1st to 4th DMRS port corresponding to layers using PUSCH antenna port 1001, 1003, 1005 and 1007.

Proposal #5: The size of PT-RS field should be increased to support DMRS to PT-RS association for more than rank 4.

Conclusion
In this contribution, we share our views on the objective for Rel-18 on DMRS, and propose the followings based on the discussion.

DMRS enhancement for MU-MIMO:

Proposal #1: To increase the number of orthogonal DMRS ports, support length 6 FD-OCC in DMRS configure type 1 and length 4 FD-OCC in DMRS configure type 2. 

Proposal #2. Reuse legacy DMRS port indication table and configure DMRS port offset to indicate additional orthogonal DMRS ports. 

8Tx UL DMRS:

Proposal #3: For UL DMRS ports indication for rank 5/6/7/8, support only one port combination for each of rank 5/6/7/8 and reuse the DMRS port indication field for 2nd codeword scheduling such as NDI, RV or MCS. 

Proposal #4: For the non/partial coherence 8Tx antenna ports, consider increasing the maximum number of PT-RS ports up to 4.

[bookmark: _GoBack]Proposal #5: The size of PT-RS field should be increased to support DMRS to PT-RS association for more than rank 4.
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