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1	Introduction
In RAN1#110, we have agreed following agreements and working assumption on enhancements on UL and DL DMRS operation [1]. 
Working Assumption
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).

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.

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.

Agreement
For increased DMRS ports for enhanced FD-OCC, study whether/how to support DCI based switching between DMRS port(s) associated with length 2 FD-OCC and DMRS port(s) associated with length M FD-OCC (where M > 2).

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.
2	Discussion on supporting up to 24 UL/DL DMRS ports for Rel-18 
To enhance multiplexing capacity of downlink and uplink demodulation reference signal (DMRS) in for different use cases (e.g. MU-MIMO in DL and UL, C-JT in DL,), there is a need to study and if justified, increase the number of orthogonal antenna ports (AP) >12 for UL/DL DMRS in Rel-18.

2.1	Rel-18 DMRS Design Principles
Rel-18 target is to specify larger number of orthogonal DMRS port for DL and UL MU-MIMO with CP-OFDM without increasing DMRS overheads. In other words, the number of DMRS symbols need not be increased in Rel-18 with respect to legacy design. Furthermore, even though not explicitly stated in WD, UE processing times are expected to remain same level with respect to legacy. Moreover, to support existing ACK/NACK mechanisms, Rel-18 DMRS symbol locations should follow legacy way. Additionally, to support PDSCH/PUSCH mapping types A and B, Rel-18 symbol locations should follow legacy approach. Therefore, legacy front loaded single or double symbol UL/DL DMRS with additional 1-2 UL/DL DMRS should be reused in Rel-18. 
Observation 1: To obtain same resource overhead with higher number of DMRS APs, the number of UL/DL DMRS symbols need to be same as in legacy.  
[bookmark: _Hlk102169497]Observation 2: Reuse of legacy UL/DL DMRS symbol positions enable good basis for Rel-18 DMRS design.
Proposal 1: Rel-18 DMRS can be configured with the same number of symbols as legacy.
Proposal 2: Reuse of legacy UL/DL DMRS symbol positions in Rel-18 DMRS 

2.1.1	Antenna Port Multiplexing Options and RE-patterns
In RAN1 #110 meeting, RAN1 agreed to support at least for option 1, which is to increase FD-OCC size as working assumption.  
	Working Assumption
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).



Based on the evaluation, we have observed that option 1 provides solid performance gain over the other options [2], so we propose to confirm the working assumption as agreement. For the other options, we don’t think multiple option is really need for achieving the same objective. So, we don’t support multiple solutions to be agreed. In addition, we have agreed another agreement on FD-OCC length, so we don’t need the first FFS point anymore. So, we propose to update the working assumption with following modification to be agreed. 
Observation 3: Supporting multiple solutions for single objective requires unnecessary overhead and complexity.
Proposal 3: Confirm working assumption with following modification.
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).

Regarding to the FD-OCC length of option 1, we have agreed to support FD-OCC4 for DMRS type-2, and to support either FD-OCC4 or FD-OCC6 for DMRS type-1. Also, we have agreed to consider FD-OCC6 for type 2 in addition to FD-OCC4.
	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



For DMRS type-1, when FD-OCC6 is supported, FD-OCC code generated by DFT-6 sequence is applied across 6 REs in a PRB. When FD-OCC4 is supported, binary FD-OCC4 code can be applied across either one or two PRBs. Because 6 REs are available in a PRB, for orthogonal mapping of FD-OCC4, 12 REs with 2 PRBs bundling should be supported. Another option is to apply two OCC windows, and two Res in the middle are shared between two OCC windows, and two of other OCC4 codes shall be repeated in the remaining 2 REs. But, this increase PAPR slightly, and lose FD granularity in PRB boundary.
Observation 4: When FD-OCC4 is supported for DMRS type-1, OCC code applying to 2 PRBs has lower specification/performance impact. 
Proposal 4 For DMRS type1, Support one of following schemes
· Alt 1: Length 6 FD-OCC is applied to 6 REs of DMRS within a PRB within an CDM group
· Alt 2: Length 4 FD-OCC is applied to 4 REs of DMRS across consecutive PRBs within an CDM group

For DMRS type-2, since only 4 REs are available in a PRB, otherwise we changing RE mapping pattern, we don’t see any reason to introduce FD-OCC6.
Observation 5 For DMRS type2, without changing RE mapping pattern, there is no reason to support FD-OCC6.

2.1.2	Multiplexing of DMRS ports for MU-MIMO support 
In RAN1 #110 meeting, we have agreed to support MU-MIMO between Rel-15 DMRS ports and Rel-18 DMRS ports at least in the different CDM groups.   
	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.



For remaining FFS part, we don’t see much gain from multiplexing of Rel-15 DMRS ports and Rel-18 DMRS ports in the same CDM group. If we allow multiplexing in the same and the different CDM groups, the channel estimation performance may be different according to the multiplexing of DMRS ports, which may result in ambiguity in PDSCH demodulation performance in slot by slot. At least, the channel estimation performance for legacy UE shall not be impacted by Rel-18 DMRS.   
For UL, since gNB has full scheduling information, it can be up to gNB scheduling without specification support. 
Observation 6: Multiplexing of legacy and Rel-18 DMRS in the same CDM group may impact to PDSCH channel estimation performance, while UL case can be managed by gNB implementation.
Proposal 5: Do not support multiplexing of legacy and Rel-18 DMRS for PDSCH in the same CDM group. 

2.2	Signaling and Configuration of Rel-18 DMRS
2.2.1	Indication of DMRS configuration
In RAN1 #110 meeting, we have agreed to study the way to support DCI based switching between Rel-15 DMRS ports and Rel-18 DMRS ports.
	Agreement
For increased DMRS ports for enhanced FD-OCC, study whether/how to support DCI based switching between DMRS port(s) associated with length 2 FD-OCC and DMRS port(s) associated with length M FD-OCC (where M > 2).



To support large number of DMRS ports, it is expected that the channel estimation performance is degraded when delay spread of the channel is not small or UE is in the mobility condition. Also, UE is not required to use Rel-18 DMRS when the number of scheduling UEs in a scheduling instance is not large. Thus, UE should be supported with both Rel-18 and legacy DMRSs according to the scheduling condition. However, the DMRS type is RRC-configured, to support both DMRS patterns, additional specification support is needed. In Rel-17, DMRS can be configured for different DCI types or different mapping types. For flexible scheduling of legacy and/or Rel-18 DMRS for PDSCH/PUSCH, we need to support scheduling both DMRS type for the same UE.
Observation 7: Rel-15 DMRS can be used when the number of DMRS ports to schedule is not large, and dynamic switching of DMRS types should be supported for scheduling flexibility. 
Proposal 6. Support dynamic switching of legacy DMRS and Rel-18 DMRS.  
The easiest option is to introduce DCI field to indicate which DMRS type is used. We can consider either new DCI field or using Antenna port table for indicating the switching. However, this should increase the DCI overhead. Because the increase of the number of DMRS ports may increase the combination of DMRS port mapping to be signaled, we should minimize the increase of DCI overhead.
Observation 8 Using new DCI field or antenna port table for dynamic switching of DMRS types may increase DCI overhead. 
The second option is to use new DCI format. But this has limitation that one user specific search space is usually limited to monitor two DCI formats (DL/UL) and switching DMRS type needs multiple search spaces. Assume such condition, we don’t even need for introducing new DCI format. Instead, it is easier to configure a specific DMRS type per search space, i.e. a search space configured with Rel-18 DMRS type. As a matter of fact, this may require UE search space to monitor, assuming DMRS type is more related to a specific service scenario, this option is useful for differentiating various services. In addition, UE can assume Rel-18 DMRS is supported for any PDSCH scheduled by a DCI in a search space configured with Rel-18 DMRS, which reduce the ambiguity of UE’s complexity to setup channel estimation scheme to use.
Observation 9: Using new DCI format has larger specification impact as well as limited flexibility because different search spaces should be used for different DMRS types. In this case, it is easier to configure DMRS types per search space instead of defining new DCI format.  
Proposal 7: Study option to configure DMRS type for specific search space to indicate what DMRS type is supported for PDSCH/PUSCH scheduling in the search space. 
Another option is adding new TDRA field to signal DMRS types. Similar as “repetitionNumber-r16” of Rel-16 multi-TRP SDM scheme 4, we can configure a RRC parameter for “Rel-18 DMRS” for one or more entries of TDRA table while other TDRA entries are remaining to use Rel-15 DMRS. Assume that Rel-18 DMRS is used for capacity extension, one or two entries of TDRA table may be enough to be supported. This is easy to be supported, and UE can expect if what PDSCH/PUSCH scheduling format is supported with Rel-18 DMRS. 
Observation 10: using TDRA table for indicating transmission scheme is well-known scheme without increase of DCI overhead. TDRA table with DMRS configuration can support dynamic DMRS switching.
Proposal 8: Support dynamic switching of Rel-15 and Rel-18 DMRS ports by configuring a field in TDRA table to indicate what DMRS ports are used. 
 
2.2.2	Indication of Antenna Port mapping
To support large number of DMRS ports with large number of combinations, DCI overhead should increase. In order to avoid DCI overhead, we have to introduce only very practical combinations specifically supported for Rel-18 DMRS configuration. We can introduce principles to restrict the possible combinations. For DMRS for PDSCH, the main use case should not be the large number of UEs with small rank, for example, 24 UEs with rank=1 or 12 UEs with rank=2. For DMRS for PUSCH, large number of UEs with smaller rank is expected as the common use case, but to reduce DCI overhead, some restriction can be considered e.g. maximum # of layers per UE for Rel-18 DMRS. For both DL and UL, assuming the same number of DCI bits for both Rel-18 and legacy, at most 16 or 32 combinations should be supported. 
Observation 11: Rel-18 DMRS table should be exclusively designed for Rel-18 specific use case, otherwise the overhead for antenna port index should be very high.
Proposal 9. Support DMRS table exclusively designed for Rel-18 DMRS. 
Proposal 10. Study the scheduling restriction in order not to increase DCI overhead
· FFS: scheduling restriction e.g. max number of co-scheduled UEs, map antenna group to a CDM group, minimum total number of DMRS ports to use. 

3	Discussion on DMRS enhancements for 8TX UL SU-MIMO support 
	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. 



3.1 8TX support with legacy DMRS configuration	
8TX UL SU-MIMO support with existing DMRS configuration only requires update for the signaling. For supporting 8TX, double symbol DMRS should be used which is RRC-configured. According to UE capability, NW will configure double symbol DMRS for PUSCH. 
For antenna port indication in DCI, antenna port mapping is determined by both “Precoding information and number of layers” and “Antenna ports” fields. The number of bits for Antenna ports field when maxLength=2 is specified as below.  
· 4 bits as defined by Tables 7.3.1.1.2-12/13/14/15, if transform precoder is disabled, dmrs-Type=1, and maxLength=2, and the value of rank is determined according to the SRS resource indicator field if the higher layer parameter txConfig = nonCodebook and according to the Precoding information and number of layers field if the higher layer parameter txConfig = codebook; 
· 5 bits as defined by Tables 7.3.1.1.2-20/21/22/23, if transform precoder is disabled, dmrs-Type=2, and maxLength=2, and the value of rank is determined according to the SRS resource indicator field if the higher layer parameter txConfig = nonCodebook and according to the Precoding information and number of layers field if the higher layer parameter txConfig = codebook.

Signaling of UL DMRS port mapping is different from DL DMRS port mapping, so we cannot reuse DL DMRS port mapping table for UL 8TX case.
Observation 12: DL/UL DMRS port mapping principle is different, and reuse DL table for UL port mapping may not be supported.   
Because up to 8 TX UL support is only agreed for SU-MIMO, layers to DMRS ports mapping can always be started from DMRS port 0, and for given rank, the combination of DMRS port mapping can be reduced. Thus 4 or 5 bits for “Antenna port(s)” field can be further optimized. 
· For coherent codebook, DMRS port configuration can be the same as DL. i.e. fixed per rank, and only TPMI need to be signaled. For example for DMRS type 1, rank=5, DMRS ports are 0-4, rank=6, DMRS ports are 0-4,6 (For distributing ports to two CDM groups) etc 
· For partial-coherent codebook, RAN1 agreed to introduce antenna group in AI 9.1.4.2, and this should be taken into account when mapping ports to CDM group. Similar as NC-JT DMRS port mapping in Rel-16, we propose a principle not to multiplex layers from non-coherent antenna group into the same CDM group. For a given rank, proper set of TPMI and Antenna Port(s) mapping can be signaled. 
· For Ng=2, UE has two 4-TX antenna groups, and layers associated with 4 TX from an antenna group can be mapped to a single CDM group. 
· For Ng=4, UE has four 2-TX antenna groups, and layers associated with 2 TX from an antenna group can be mapped to a single CDM group.  
· For non-coherent codebook, an 8-bit map can use to signal both the number of layers and selecting antenna port to map DMRS ports.   

[image: ]
Figure 1. Illustration of DCI signaling for different Codebook Subset configuration. 
As seen above, information about TPMI and Antenna Ports are shown alternatively according to codebook subset type, and the required information depends on scheduled rank. Also, TPMI information already includes part of “Antenna Port(s)” information, and we don’t need to repeat the same information into two fields. So, we see the benefit of re-organizing the DCI field as using two fields as “the number of layers” and “Precoding information and Antenna Ports(s)”.
Observation 13: TPMI fields already includes DMRS port mapping, so combining two fields may reduce the signaling overhead.  
Proposal 11: Support optimal DCI design with two fields of “number of layers” and correspond “Precoding information and Antenna Port(s)”.
Proposal 12: For partial coherent codebook, support mapping layers from the same antenna group into the same DMRS CDM group. 

3.2 8TX support with Rel-18 DMRS configuration
Rel-18 DMRS can support up to 8 or 12 layers per symbol, and 8 TX UL can be supported with single symbol. Assuming some of 8 TX UL scenarios (e.g. FWA) can be supported without considering long delay spread channel condition, network can configure Rel-18 DMRS for this case. By using Rel-18 DMRS, UL spectral efficiency can be improved by reducing DMRS overhead by half. Thus, we propose to support 8TX UL SU-MIMO with Rel-18 DMRS. 
Proposal 13: Support Rel-18 DMRS for 8 TX UL SU-MIMO.

3.3 DMRS to PTRS mapping for 8 TX UL support
For DMRS to PTRS port mapping, if we don’t increase the maximum number of PTRS port beyond 2, similar approach in Rel-16 can be used. For DL, only 1 PTRS port is supported. The 2 PTRS ports is supported for UL, and this introduced for UL multi-panel transmission in FR2. The number of PTRS should be based on the number of simultaneous UL TX panels, and we think “up to 2” UL PTRS is still valid option for 8 TX UL support. 
Observation 14: Considering the number of simultaneous UL TX panels, up to 2 PTRS ports are still enough for 8 TX UL. 
Proposal 13: Do not support more than 2 PTRS ports for 8 TX UL.
Regarding to DMRS to PTRS port mapping, for codebook, it is pending to TPMI design in the other agenda item. Especially for partial and non-coherent, without assumption of TPMI agreed, it is difficult to make progress of the issue.  
For non-codebook, each port can be configured with either PTRS port 0 or PTRS port 1. For codebook, it can be determined by TPMI applied for 8 TX ports. Because the TPMI design as well as non-codebook design for 8TX is still under discussion, we can defer the DMRS to PTRS mapping after completion of key decisions in the other agenda item (i.e. AI 9.1.4.2)  
Observation 15: Same principle of Rel-16 DMRS to PTRS mapping can be used. Further detail can be discussed after design of TPMI in the other agenda item. 
Proposal 15: For non-codebook, support the same DMRS to PTRS mapping rule as Rel-17.
Proposal 16 For codebook, postpone discussion of DMRS to PTRS mapping until TPMI design is completed. 
4	Conclusions
In the previous sections, the following observations and proposal have been made:
For support of upto 24 DMRS ports, 
Observation 1: To obtain same resource overhead with higher number of DMRS APs, the number of UL/DL DMRS symbols need to be same as in legacy.  
Observation 2: Reuse of legacy UL/DL DMRS symbol positions enable good basis for Rel-18 DMRS design.
Proposal 1: Rel-18 DMRS can be configured with the same number of symbols as legacy.
Proposal 2: Reuse of legacy UL/DL DMRS symbol positions in Rel-18 DMRS 
Observation 3: Supporting multiple solutions for single objective requires unnecessary overhead and complexity.
Proposal 3: Confirm working assumption with following modification.
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).

Observation 4: When FD-OCC4 is supported for DMRS type-1, OCC code applying to 2 PRBs has lower performance impact. 
Proposal 4 For DMRS type1, Support one of following schemes
· Alt 1: Length 6 FD-OCC is applied to 6 REs of DMRS within a PRB within an CDM group
· Alt 2: Length 4 FD-OCC is applied to 4 REs of DMRS across consecutive PRBs within an CDM group

Observation 5 For DMRS type2, without changing RE mapping pattern, there is no reason to support FD-OCC6.

Observation 6: Multiplexing of legacy and Rel-18 DMRS in the same CDM group may impact to PDSCH channel estimation performance, while UL case can be managed by gNB implementation.
Proposal 5: Do not support multiplexing of legacy and Rel-18 DMRS for PDSCH in the same CDM group. 
Observation 7: Rel-15 DMRS can be used when the number of DMRS ports to schedule is not large, and dynamic switching of DMRS types should be supported for scheduling flexibility. 
Proposal 6. Support dynamic switching of legacy DMRS and Rel-18 DMRS.  
Observation 8: Using new DCI field or antenna port table for dynamic switching of DMRS types may increase DCI overhead. 
Observation 9: Using new DCI format has larger specification impact as well as limited flexibility because different search spaces should be used for different DMRS types. In this case, it is easier to configure DMRS types per search space instead of defining new DCI format.  
Proposal 7: Study option to configure DMRS type for specific search space to indicate what DMRS type is supported for PDSCH/PUSCH scheduling in the search space. 
Observation 10: using TDRA table for indicating transmission scheme is well-known scheme without increase of DCI overhead. TDRA table with DMRS configuration can support dynamic DMRS switching.
Proposal 8: Support dynamic switching of Rel-15 and Rel-18 DMRS ports by configuring a field in TDRA table to indicate what DMRS ports are used.    
Observation 11: Rel-18 DMRS table should be exclusively designed for Rel-18 specific use case, otherwise the overhead for antenna port index should be very high. 
Proposal 9. Support DMRS table exclusively designed for Rel-18 DMRS. 
Proposal 10. Study the scheduling restriction in order not to increase DCI overhead
· FFS: scheduling restriction e.g. max number of co-scheduled UEs, map DMRS ports to a CDM group, minimum total number of DMRS ports to use.

For support of 8 TX UL transmission,  
Observation 12: DL/UL DMRS port mapping principle is different, and reuse DL table for UL port mapping may not be supported.   
Observation 13: TPMI fields already includes DMRS port mapping, so combining two fields may reduce the signaling overhead.  
Proposal 11: Support optimal DCI design with two fields of “number of layers” and correspond “Precoding information and Antenna Port(s)”.
Proposal 12: For partial coherent codebook, support mapping layers from the same antenna group into the same DMRS CDM group. 
Proposal 13: Support Rel-18 DMRS for 8 TX UL SU-MIMO.
Observation 14: Considering the number of simultaneous UL TX panels, up to 2 PTRS ports are still enough for 8 TX UL. 
Proposal 14: Do not support more than 2 PTRS ports for 8 TX UL.
Observation 15: Same principle of Rel-16 DMRS to PTRS mapping can be used. Further detail can be discussed after design of TPMI in the other agenda item. 
Proposal 15: For non-codebook, support the same DMRS to PTRS mapping rule as Rel-17.
Proposal 16For codebook, postpone discussion of DMRS to PTRS mapping until TPMI design is completed. 
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