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1 Introduction
In RAN1#90bis meeting and email discussions [1], the agreements related to DMRS were achieved as:
Agreements:
For the higher layer signaling related to DMRS:
A UE in DL may be configured with UE-specific scrambling ID(s) which will be used for PN sequence initialization of PDSCH’s DMRS which is the same for both slot-based and non-slot-based transmission/scheduling. 
It will be further discussed in RAN1#91 whether one or multiple scrambling ID(s) may be configured.
A UE in UL CP-OFDM may be configured with UE-specific scrambling ID(s) which will be used for PN sequence initialization of PUSCH’s DMRS which is the same for both slot-based and non-slot-based transmission/scheduling. 
It will be further discussed in RAN1#91 whether one or multiple scrambling ID(s) may be configured.
Keep the “dmrs-group” RRC parameters as placeholder until discussions on how to specify the RRC signaling and configuration of DMRS groups are concluded.
It will be further discussed in RAN1#91 whether a new RRC parameter is needed to be introduced which enables DMRS port table restriction or subset selection for both DL and UL.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Agreement:
For the location of the first position of front-load DMRS for PUSCH without frequency hopping, support at least the following:
The first OFDM symbol with respect to the scheduled data contains the first symbol of front-load UL DMRS 
Study further when this is applied; E.g., in case of a mixed DL/UL slot from network perspective, or for PUSCH starting from the Xth symbol with X>1, etc.
The 3rd or 4th symbol of the slot contains the first symbol of front-load DMRS 
At least same location for UL and DL is supported
· Study further whether the first position of front-load DMRS for PUSCH can be different than the first position of front-load DMRS for PDSCH.
Study further when this is applied. E.g., in case of a UL only slot from network perspective, or for PUSCH starting the 1st symbol, etc.
FFS: Further restrictions (if any) of FDMing DMRS and PUSCH due to UE processing timeline

Agreement:
A UE is configured for the number of front-load DMRS symbols for PUSCH and PDSCH DMRS with the following signaling method:
· The maximum number is configured with higher-layer signaling and the actual number with DCI using DMRS-table-based indication
Agreement:
At least the following information is included in DCI as part of downlink DMRS port assignment:
· Scheduled downlink DMRS ports
· Potential presence of co-scheduled downlink DMRS CDM groups for rate matching
· FFS: Whether the presence of co-scheduled downlink DMRS port(s) within the assigned downlink DMRS CDM group is supported or not
· There are no dedicated bits for rate matching around DMRS CDM group(s)
At least the following information is included in DCI as part of uplink DMRS port assignment for CP-OFDM:
· Scheduled uplink DMRS ports
· Uplink DMRS CDM groups for rate matching
· There are no dedicated bits for rate matching around DMRS CDM group(s)
Agreement
A UE in MU-MIMO should be scheduled ports first within a specific CDM group, and then across CDM groups from UE perspective 
· The ports within the same CDM group should be QCL-ed 
· The above applies for the case of single TRP
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In this contribution, we provided our views on the remaining issues of DMRS configurations in NR.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
In NR, two configuration types for DMRS were agreed, and each configuration contains several DMRS patterns, in addition, DMRS pattern was designed for both 1 and 2 symbols. The flexible DMRS configurations/patterns can achieve for flexible scheduling and cater for different cases. While on the other hand, the DMRS ports and number of layers design may be more complex. To further reduce the control signalling overhead, separate design can be considered for different DMRS configurations/patterns. For example, the DMRS table can be designed considering the maximum number of layers supported for a given UE. For example, for DMRS with up to 6 layers, the size of the table may be less than that for DMRS with up to 8 layers, e.g. 7 layers and 8 layers indication can be omitted. And for the UE support only one CW or up to 4 layers, there may be only one column for 1 CW design for the table, and the number of indications for 1 CW can be further reduced. Then there may be some considerations on which 4 layers are selected for this UE. Considering the flexibly scheduling and interference, different 4 layers can be selected from the total 8 or 12 DMRS ports for different UEs. For example, for UE 1, subset of ports 1-4 can be indicated with higher layer, and for UE 2, another subset of ports 5-8 may be indicated. For each UE, the DMRS indication can only include the ports in the subset. And on the other hand, totally 8 layers MU-MIMO can be supported with the two UEs. So based on the above discussion, we propose that:
Proposal1: Separate design for the DMRS ports and number of layers in DCI should be considered for different DMRS configurations. And support subsets of DMRS ports configuration with higher layer signaling to further reduce the indication overhead in DCI.
As it was agreed that uplink and downlink CDM groups for rate-matching should be indicated to UE, and the indication is not based on dedicated bits. Naturally, the information can be included in the DMRS configuration table. This is mainly introduced for multi-user transmission, and the maximum number of layers per UE in MU is limited, so the increased overhead in DMRS table is not significant. For example, some indications in the table are associated with assumption of presence of the other CDM group, and other indications are associated with assumption of not presence of the other CDM group. For the assumption of not presence of the other CDM group, there is no need to support all the possibilities of DMRS ports, as this is mainly used for single user scheduling. For example, for DMRS type 1 with 2-layer, if the indication is associated with assumption of not presence of the other CDM group, supporting both of port 0/1 and port 2/3 is redundant, only one is enough. So, the overhead of DMRS indication can be further reduced.
Based on the discussion above, considering the flexible scheduling and overhead reduction, we propose that:
Proposal2: Support indication of CDM groups for rate-matching in DMRS configuration table. And less number of indications with assumption of not presence of other CDM groups for overhead reduction. 
Considering the location of the first front-loaded DMRS symbol for PUSCH without hopping, there are two patterns agreed, one is the first OFDM symbol with respect to the scheduled data, and the other one is the 3rd or 4th symbol of the slot, while the use cases for the two patterns need further discussion. Mapping of the UL DMRS on 3rd or 4th symbol of the slot is mainly for symmetric UL and DL, which is beneficial for interference management. And to make it more general and easy for interference management, the first UL front-loaded DMRS symbol can be mapped on 3rd or 4th symbol when PUSCH starts no later than the first DL front-loaded DMRS symbol, and mapped on the first PUSCH symbol when PUSCH starts later than the first DL front-loaded DMRS symbol. So we propose that:
Proposal3: The mapping of first UL DMRS symbol is based on the starting position of PUSCH symbol compared with the first DL DMRS symbol.
In addition, considering dynamic selection of point and multi-panel/TRP transmission in the future, multiple scrambling IDs for DMRS sequence initialization should be configured to one UE. The multiple scrambling IDs can be indicated in the QCL parameters similar as LTE. For example, considering the case of single PDSCH with separate layers from separate TRPs, the DMRS sequence may be different with different cells or TRPs, as the different DMRS sequences have benefits on interference randomization for different cells or TRPs. So the DMRS ports related to different layers may have different sequences generated from separate initial values related to separate TRPs, and the indication of the different initial values for different DMRS ports in one PDSCH may be considered, and one example is shown in Figure 1. Alternatively, if the separate TRPs share same initial value for DMRS sequence generation, there may be no issue for the case, all the DMRS ports can be generated from same initial value, while the signaling exchanging between different TRPs may be considered.


Figure 1. Example for different DMRS sequences associated to separate layers from separate TRPs
Considering that the separate layers are transmitted from separate TRPs, usually the DMRS ports associated to the separate layers have different QCL parameters. One simple way to indicate the different DMRS sequences is that the sequences of different DMRS ports may be generated associated to the scrambling ID included in the QCL parameters. And we propose that:
[bookmark: OLE_LINK41][bookmark: OLE_LINK42]Proposal4: Consider to support separate DMRS sequence generation for different DMRS port groups in the future work.
3 Conclusion
In this contribution, we provided our views for DMRS ports and number of layers design, and we propose that:
Proposal1: Separate design for the DMRS ports and number of layers in DCI should be considered for different DMRS configurations. And support subsets of DMRS ports configuration with higher layer signaling to further reduce the indication overhead in DCI.
Proposal2: Support indication of CDM groups for rate-matching in DMRS configuration table. And less number of indications with assumption of not presence of other CDM groups for overhead reduction. 
Proposal3: The mapping of first UL DMRS symbol is based on the starting position of PUSCH symbol compared with the first DL DMRS symbol.
Proposal4: Consider to support separate DMRS sequence generation for different DMRS port groups in the future work.
4 [bookmark: _Ref344215723]References
[1] Chairman’s notes, 3GPP TSG RAN1#90bis, Prague, Czech, 10th - 14th Oct, 2017
3

oleObject1.bin
�


image1.emf
TRP1

TRP1

TRP2

TRP2

4

 

l

a

y

e

r

s

4

 

l

a

y

e

r

s

Totally 8 layers in one 

PDSCH from 2 TRPs

4 DMRS ports with sequence 1 

generated with the initial value 

related to TRP1

4 DMRS ports with sequence 2 

generated with the initial value 

related to TRP2


