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1 Introduction

In RAN1#83, NR V2X WI was approved [1] to specify radio solutions that are necessary for NR to support advanced V2X services based on the study outcome captured in TR 38.885, including sidelink physical layer design. In this contribution, we focus on aspects relevant to DMRS design.

Regarding sidelink DMRS design, the following agreements were made at RAN1 NR-AH#1901:

Agreements:

· Multiple DMRS patterns in time domain are supported for PSSCH

· FFS: Whether a DMRS pattern is selected based on the subcarrier spacing

· FFS: Single or multiple DMRS pattern(s) per a resource pool

· FFS: How TX UE and RX UE can be aligned in terms of the DMRS pattern used for PSSCH

· FFS: RE mapping, sequence generation

· Continue to study DMRS pattern in frequency domain for PSSCH

· E.g. Whether multiple patterns are supported, whether PDSCH/PUSCH DMRS configuration 1 or 2 is reused.

· Support PT-RS for PSSCH for FR2
In RAN1#97 the following progress was made:

Working assumption:

· Rel-15 PDSCH DMRS Configuration type 1 and/or type 2 are reused for frequency-domain pattern of PSSCH DMRS.

· FFS whether to support either one or both types

· FFS details on multiplexing of different ports for PSSCH DMRS

Furthermore, the following proposals regarding DMRS patterns in time-domain were captured in [2]:
Proposals:

· For a given SCS, multiple PSSCH DMRS patterns in time domain per a resource pool for unicast, groupcast, and broadcast, respectively, are supported.

· Exact DMRS pattern is indicated by SCI.

· For Mode 2, DMRS pattern is chosen by the transmitter UE from the set or a subset of patterns configured for the resource pool.

· FFS: case for Mode 1

· FFS: whether/how to use subset restrictions based on speed and MCS

· FFS on details on time-domain pattern, e.g., reuse Rel-15 PDSCH DMRS time-domain patterns, or new time-domain patterns

with a note from Chairman to discuss and aim to conclude in RAN1#98.
2 Discussion
2.1
DMRS design for PSSCH
2.1.1 Frequency domain
For NR Rel-15 Uu data channels, there are two types of configuration for DMRS patterns. Type-1 is the fully comb-type, comprising 6 REs, which can achieve more accurate channel estimation for low SCS. On the other hand, Type-2 consists of 2 -separate in frequency- pairs (i.e. 4 REs), poses less overhead and can support more total antenna ports (more CDM groups) but the high frequency spacing may compromise accurate channel estimation. In NR V2X, for certain scenarios (e.g. Highway LOS) adapting from dense to sparse frequency pattern can improve resource utilization as pointed out e.g. by [3]. Therefore, both DMRS configuration types could be supported. Another possibility to adjust DMRS frequency density could be by using a RB-combed structure (e.g. every other RB does not contain DMRS) as suggested by [4].
Proposal 1: For frequency-domain structure of PSSCH DMRS, support both a dense and a sparse pattern.
2.1.2 Time domain
In NR Uu, DMRS configuration is per BWP. gNB can dynamically adapt DMRS density in time and e.g. switch to a BWP with low DMRS density, when the Doppler frequency becomes low, to increase the spectral efficiency. Each of the two NR Rel-15 DMRS types includes one or two front-loaded DMRS symbols which are optionally followed by at most three additional DMRS symbols (configured dynamically or semi-statically). 
For NR sidelink, however, it has been agreed that single BWP is configured for NR sidelink and a different dynamic adaptation has to be considered. At the same time, it has been agreed in previous RAN1 meeting that multiple DMRS patterns in time domain are supported for PSSCH. Motivation is to cope with various Doppler frequencies from mobility scenarios (e.g. low relative velocity in platooning, high in freeway). Also, to adjust to various QoS levels: if sidelink SNR is low and/or Doppler frequency is high, high DMRS density could increase channel estimation performance. Different density patterns similar to NR Uu seems reasonable to be adopted also for sidelink to flexibly trade-off spectral efficiency for channel estimation performance, while up to 4 symbols in a slot seems a reasonable design limit since NR SL slot structure is already quite crowded. Figure 1 shows some possible DMRS time patterns. 
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Figure 1: Possible DMRS PSSCH patterns in time domain

Multiple patterns per resource pool, with specific SCS configuration, should be supported.  For high SCS, symbols in a slot are closer in time, thus, it can be preferable to have a lower DMRS density in time domain, and vice versa. In addition, it should be possible to dynamically adapt DMRS density taking into account MCS and UEs relative speeds. In V2X, UE mobility may change more dynamically and the Doppler impact can be more severe due to relative speed changes. The best DMRS pattern(s) per SCS can depend both on UEs relative speed and MCS as shown in [4]. Considering the unicast scenario, only MCS may change dynamically as relative speed changes between two specific UEs will be realised in only on sec-level basis. In groupcast scenario, it is possible that MCS will be chosen based on worst sidelink channel among Tx/Rx-UE pairs. Optimal DMRS pattern could be selected based on this MCS and on highest (i.e. worst case) relative speed from the various Tx-Rx UE pairs within the group. In addition, for open-group groupcast case, new UEs joining the group will introduce new random channel conditions and relative speeds among the plurality of links. Thus, it is possible that optimal DMRS pattern will change dynamically also based on the relative speeds between the UEs within the group.
Proposal 2: For time-domain structure of PSSCH DMRS, support multiple patterns per resource pool (i.e. per SCS). 

Proposal 3: For time-domain structure of PSSCH DMRS, support dynamic pattern adaptation based on speed and MCS.
2.1.3 Pattern choice
Regarding decision on the used pattern we prefer to have a single procedure for both Mode 1 and Mode 2 to avoid complexity. gNB-based is one possibility. However, gNB may have limited knowledge about local sidelink conditions. For example, when a UE is out-of-coverage, gNB can have a set of patterns pre-configured and UE must decide autonomously on best to use. But even when in-coverage, gNB-based decision could require unacceptable amounts of signaling of SL CSI to gNB. Therefore, in both modes, a set of DMRS patterns could be (pre-)configured for a resource pool. Within this set, a subset of DMRS patterns for each MCS/speed combination could be also (pre-)configured so as Tx UE can choose a pattern from this subset. 
Proposal 4: For both Mode 2 and Mode 1, DMRS pattern is chosen by the Tx UE from the subset of patterns (pre-)configured based on MCS and speed, within the set of patterns (pre-)configured for the resource pool.
2.1.4 Tx and Rx UE alignment
One issue from having multiple possible DMRS patterns for a specific sidelink transmission is the mutual understanding between Tx-UE and Rx-UE(s) of DMRS pattern used when this is dynamically adapted. A mechanism is needed to allow Tx UE and Rx UE(s) to unambiguously know the selected choice. Generally, Rx-UE(s) could acquire the DMRS pattern from:
· Option 1: Dynamic indication from Tx-UE via SCI. This option provides flexibility to adjust DMRS but will increase the overhead of SCI. The size of such DMRS pattern indication field, if introduced, should be kept at minimum, e.g. 1-bit.
· Option 2: Implicit/configured indication e.g. determined by SCS or configured per resource pool or based on the scheduled MCS/speed level. This option saves on signaling, however, resource efficiency improvement is restricted for e.g. low SCS values where dense pattern will be used. As an example problematic case, it can be considered the platooning with low SCS. In addition, Tx-UE may not have information about channel condition.
· Option 3: Blind decoding. When there is no configured or dynamic indication and use of different DMRS patterns depends on parameters not known a priori to Rx UE, the pattern will be unknown to Rx UE and it has to detect it blindly. This option offers maximum flexibility and no signaling overhead; however, PDSCH detection at receiver side is increased with the number of possible patterns to detect. Also, some interference cancellation detector might be needed for robust decoding.
One way to alleviate ambiguity could be to introduce a prioritized configuration of patterns per resource pool. The prioritized configuration (by the network) can be based on service requirements, system spectral efficiency requirements, etc. So, UEs could know beforehand the priority of patterns within the set to use (Tx-UE) and detect (Rx-UE), as shown in Figure 2. This configuration could be made per cell, or pre-configured at UEs for out-of-coverage operation. 
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Figure 2: Prioritized DMRS pattern configuration.
Proposal 5: Prioritized configuration of DMRS patterns is supported
In case of equal priority patterns, a 1-bit field in SCI could be used to indicate the exact DMRS pattern used but this might be inadequate if the configured subset consists of more than two DMRS patterns. In that case, a method could be considered to minimize the increase of blind decoding.
2.1
DMRS design for PSCCH
Considering DMRS for PSCCH, the exact design will depend on PSCCH structure which is still open. An important aspect to take into account is the PSCCH detection complexity, considering also that there is no prior information at UE. A fixed base sequence can reduce complexity while a cyclic shift of the base sequence can be used to handle potential collisions with other transmissions. Another crucial design parameter in the NR V2X case is reliability. A high density pattern will be more preferable in that sense. If up to 3 OFDM symbols are supported for PSCCH design, the comb-4 pattern of Rel-15 NR Uu PDCCH could be reused or at least serve as a DMRS design baseline. On the other hand, more than 3 OFDM symbols for PSCCH may be supported. In that case, more DMRS symbols or variable density may be needed. Prioritized patterns as part of the resource pool configuration can be introduced to minimize detection complexity while allowing some flexibility on use of different PSCCH DMRS patterns within a resource pool. 
3 Conclusions
In this contribution, we provide considerations on sidelink DMRS design for NR V2X communication and we reach to the following proposals:  

Proposal 1: For frequency-domain structure of PSSCH DMRS, support both a dense and a sparse pattern.
Proposal 2: For time-domain structure of PSSCH DMRS, support multiple patterns per resource pool (i.e. per SCS). 

Proposal 3: For time-domain structure of PSSCH DMRS, support dynamic pattern adaptation based on speed and MCS.
Proposal 4: For both Mode 2 and Mode 1, DMRS pattern is chosen by the Tx UE from the subset of patterns (pre-)configured based on MCS and speed, within the set of patterns (pre-)configured for the resource pool.

Proposal 5: Prioritized configuration of DMRS patterns is supported.
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