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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 and 2-stage SCI design.

2 Discussion
2.1 DMRS design for PSSCH
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, in RAN1#98 the following was agreed:
Agreements:

·  (Pre-)configuration of one or more PSSCH DMRS pattern(s) in time domain per a resource pool is supported.

· Exact DMRS pattern is indicated by SCI

· FFS details, including whether or not to have the indication bit in case of one (pre)configured DMRS pattern
· For Mode 2, DMRS pattern is chosen by the transmitter UE from the configured patterns for the resource pool.

· FFS: case for Mode 1

· FFS: whether/how to use restrictions for choice of DMRS pattern 

· FFS on details on time-domain pattern

· FFS the number of possible DMRS patterns

· Note: it is not intended to specify DM-RS based resource pool selection 
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 by [2]. Therefore, both DMRS configuration types could be supported. Another possibility for sparser DMRS frequency density could be by using a RB-combed structure (e.g. every other RB does not contain DMRS) as suggested by [3].
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, it has been agreed that, at least for time-domain PSSCH DMRS, (pre)configuration is per resource pool, multiple patterns are possible and that DMRS pattern can be dynamically indicated by SCI. 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

Generally, for resource pools with high SCS, symbols in a slot are closer in time, thus, it can be preferable to have lower DMRS densities in time domain, and vice versa. In addition, 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 per resource pool can depend both on UEs relative speed and MCS and can be more than two best patterns per SCS as shown in [3]. 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. Therefore, it could be advantageous in some cases to support configuration of a set of three or four DMRS patterns per resource pool and dynamically adapt DMRS density taking into account MCS and UEs relative speeds. 
Observation 2: For time-domain structure of PSSCH DMRS, dynamic pattern adaptation can be based on speed and MCS and there can be more than two optimal patterns per SCS.
Proposal 2: Support (pre)configuration of more than two PSSCH DMRS patterns in time domain per resource pool.

In case of one (pre)configured DMRS pattern, to keep including DMRS pattern indication bit(s) within SCI would be inefficient. Therefore, it could be beneficial to skip the communication of such indication but an efficient approach is needed to not increase UE BD complexity from SCI detection. 

2.1.3 Pattern indication and choice
In last meeting it was agreed that SCI indicates the exact DMRS pattern, thus, Rx-UE(s) could acquire the DMRS pattern from:
· Option 1: Explicit indication, i.e. DMRS pattern bit-field within SCI. 
· Option 2: Implicit indication e.g. determined by SCS or based on the scheduled MCS/speed level. 

Generally, we prefer to not introduce extra overhead to SCI due to DMRS pattern but if explicit indication is necessary, we believe that the size of a DMRS pattern indication field should be kept at minimum, i.e. 1-bit. Explicit indication, although it provides flexibility to adjust DMRS, it also directly increases the overhead of SCI. This overhead may be unacceptable considering that at least two DMRS patterns have to be configured in frequency and more than two in time. On the other hand, with implicit indication, resource efficiency improvement is restricted. As a problematic case one can consider the platooning with low SCS, where dense pattern (expected to be associated with low SCS) is not really needed due to slow changing inter-UE conditions. In addition, Tx-UE may not have information about channel condition leading to inefficiency if DMRS pattern is associated with channel condition. 
One way to keep a good level of flexibility and low size explicit indication at the same time is to introduce DMRS pattern subsets, within the configured superset of patterns for the resource pool. An association of MCS and/or speed levels with DMRS pattern subsets can be configured or specified. That way, explicit DMRS pattern indication would need to refer not to the whole configured superset of DMRS patterns but just to the appropriate subset for the respective MCS/speed combination.
Proposal 3: Support (pre)configuration of subsets of PSSCH DMRS patterns within the superset of (pre)configured patterns for a resource pool.
In addition, the DMRS pattern indication field could be reduced (or even omitted) by introducing a prioritized configuration of patterns. Such 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 a superset or subset to use (Tx-UE) and detect (Rx-UE), as shown in Figure 2. This configuration could be made per resource pool or per subset. In latter case, DMRS pattern indication could be used to just indicate the chosen subset from Tx-UE. 
Proposal 4: Prioritized configuration of PSSCH DMRS patterns is supported to minimize SCI overhead due to multiple possible patterns.
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Figure 2: Subsets of PSSCH DMRS patterns and prioritized configuration.
Regarding decision on the used pattern, it was agreed at last meeting that, at least for Mode 2, DMRS pattern is chosen by the transmitter UE from the (pre)configured patterns in the resource pool. We prefer to have a single procedure for both Mode 1 and Mode 2 to avoid complexity. gNB-based decision could be one possibility for Mode 1, however, gNB may have limited knowledge about local sidelink conditions. Even when UE is in-coverage, gNB-based approach could require unacceptable amounts of signaling of SL CSI to gNB. 
Proposal 5: For both Mode 2 and Mode 1, PSSCH DMRS pattern is chosen by the Tx UE.

Proposal 6: Restrict DMRS pattern choice to a subset of patterns from the (pre)configured set for a resource pool.
2.2
DMRS design for PSCCH
In RAN1#98b the agreement below was reached:

Agreements:

· Rel-15 NR PDCCH DMRS pattern is reused for PSCCH DMRS pattern.


· For frequency-domain pattern for PSCCH DMRS, reuse Rel-15 NR PDCCH DMRS, i.e., comb-4 fixed RE mapping for PSCCH DMRS.

· (Working assumption) For time-domain pattern for PSCCH DMRS, every symbol of PSCCH has PSCCH DMRS REs.

· FFS: how to initialize DMRS sequence generator

Considering DMRS for PSCCH, the exact design will depend on PSCCH structure which is still under discussion. An important aspect to consider 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, a new pattern with more DMRS symbols or variable density may be needed. Prioritized patterns as part of the resource pool configuration can be also introduced here to minimize detection complexity while allowing some flexibility on use of different PSCCH DMRS patterns within a resource pool. 
2.3
2-stage SCI
Regarding SCI design, the following was agreed at RAN1#98:

Agreements:
· Support 2-stage SCI

· 1st SCI is carried in PSCCH.

· FFS: other details

while it had been previously concluded in RAN1#97: 

Conclusion

· If two-stage SCI is supported, the following details are used.
· Information related to channel sensing is carried on 1st-stage.
· 2nd-stage is decoded by using PSSCH DMRS.
· Polar coding used for PDCCH is applied to 2nd-stage
· Payload size for 1st-stage in two-stage SCI case is the same for unicast, groupcast, and broadcast in a resource pool.
· After decoding the 1st-stage, the receiver does not need to perform blind decoding of 2nd-stage. 
· FFS other details
Furthermore, in RAN1#98b the below agreements were reached:

Agreements:
· The 2nd stage SCI is carried within the resource of the corresponding PSSCH.

· Scrambling operation for the 2nd stage SCI is applied separately with PSSCH

Agreements:
· Support 1st stage SCI in PSCCH in one subchannel only. 

· Within one subchannel, there is at most one 1st stage SCI, except for spatial re-use

· For RE mapping of the 2nd stage SCI, frequency-first mapping within the PSSCH is used. To down-select:

· Alt 1. The REs for the 2nd SCI are not interlaced with (localized in) PSSCH data RE.

· Alt 1-1. only RBs in the subchannel having the corresponding 1st stage SCI can be possibly used for mapping the 2nd stage SCI

· Alt 1-2. only RBs in the all sub-channels for the scheduled PSSCH can be possibly used for mapping the 2nd stage SCI.

· Alt 2. The REs for the 2nd stage SCI can be interlaced with (distributed in) PSSCH data RE.

· Whether to allow mapping with the same symbol of PSSCH DMRS

· For modulation order of the 2nd stage SCI, to down-select:

· Alt 1. Fixed as QPSK

· Alt 2. Same as PSSCH

· The same PSSCH DM-RS port(s) is used for transmitting the 2nd stage SCI.

· When PSSCH is 2-layer, FFS how to map the 2nd stage SCI modulation symbols to the two layers, to down-select:

· Alt 1: when PSSCH is 2-layer, the same modulation symbol of the 2nd stage SCI is mapped to the two layers

· Alt 2: when PSSCH is 2-layer, different modulation symbols of the 2nd stage SCI are mapped to the two layers

· A combination thereof

2.3.1 On 1st and 2nd stage SCI design
A main advantage of 2-stage SCI is its better support of mixed cast types. Another big advantage of 2-stage SCI has to do with its forward compatibility. Future scenarios may introduce new features potentially translating into new control information parameters to be communicated via SCI. Thus, future UEs may send/monitor new content within 2nd stage SCI while, at the same time, legacy UEs should be able to interpret correctly 1st stage SCI for sensing purposes. It is however very important that both 1st and 2nd stage SCI are designed carefully in a forward compatible manner from the beginning in order to harness this potential and to minimize the possibility of becoming a bottleneck for introducing various features in the future, especially considering the BD budget capacity of NR UEs.
Various potential fields have been discussed to be carried within SCI. One main purpose of SCI is to provide UEs with information regarding sensing and resource reservation or resource selection. For this, frequency/time location fields will be required to denote the resources to reserve or for own data decoding. At the same time, a priority field will allow resource reservations or preemptive transmissions with higher importance. In that way, UEs can create their own resource maps and avoid collisions in sidelink. Furthermore, PSSCH demodulation/decoding relevant information will need to be conveyed. In case of unicast or groupcast, Rx-UE will require parameters such as MCS, CSI-RS, TM, DMRS pattern to receive the data channel. In case HARQ is enabled for a specific transmission, fields such as HARQ Process ID, NDI, and RV will be required to support the soft combining procedure. Moreover, specifically for unicast and groupcast, it may be necessary to denote the Destination ID and/or the Source ID. Last but not least, information to support special features will be needed to be carried via SCI. One such feature that has already been agreed for inclusion in Rel-16 is the ability to enable/disable HARQ feedback in groupcast SL based on physical distance between Tx-UE and Rx-UE. For that reason, a field such as Tx geo-position can be present in SCI. It is expected that further special features will be introduced in the future that may require additional information to be carried within SCI, e.g. for relaying purposes which is expected to be tackled in Rel-17 NR sidelink onwards.
As agreed in RAN1#98b meeting, each resource pool is configured with only one 1st stage SCI PSCCH format. Thus, 1st stage SCI can be universally used to be monitored by all receiver UEs e.g. for sensing and resource allocation/reservation procedures, and it is also expected that it will be backward compatible, i.e. legacy NR UEs will be able to interpret 1st stage SCI in all following NR releases. On the other hand, 2nd stage SCI will be carrying information related to decoding PSSCH or to employ special features such as the HARQ A/N feedback based on distance. When new features will be introduced, only 2nd stage SCI changes may occur, e.g. a new 2nd SCI format can be introduced. 

Thus, it is expected that 1st stage SCI will comprise fields related to broadcasting (e.g. sensing, reservation, resource allocation) as well as a “2nd stage SCI related” field to provide info about 2nd stage SCI decoding etc. At the same time, some provision needs to take place both in 1st and 2nd stage SCI design to retain their flexibility for forward compatibility. For 1st stage SCI, one simple form of such provision is to include some Reserve bits. Provision with Reserve bits has some limitations though:

· The number of Reserve bits is chosen arbitrarily based on best guess on future features to come. Choosing a small number of Reserve bits may restrict seriously the future use cases of SL control, introducing a bottleneck to future SL design. Large number of Reserve bits will lead to increased 1st SCI size and decreases robustness or coverage due to the extra overhead. 

· Even in case the number of Reserve bits can be configured, high configured number of Reserve bits will be essentially wasted for legacy UEs, leading to an inefficient design.
For 2nd stage SCI, the idea is to customize to a given feature/release. This poses the danger of resulting soon with several SCI format types or SCI format sizes and to challenge the UE BD budget capacity. Instead, configuring the meaning of 1st or 2nd stage SCI bit fields, in order to interpret them according to a use case or to current system needs, could prove to be a more efficient alternative approach.
Observation 1: Provision needs to take place in both 1st and 2nd SCI design to retain flexibility for forward compatibility.
2.3.2 2nd stage SCI RE mapping and location
One of the requirements for the design of 2-stage SCI has been that there will be no increase in blind detection of Rx-UE for the 2nd stage SCI. One approach to achieve that is by having 2nd stage SCI at a preconfigured place. In general, faster decoding of both 1st and 2nd stage SCI is preferable, and 2nd stage SCI can only be decoded after 1st stage SCI bits have been fully understood by Rx-UE (i.e. after fully decoding 1st stage SCI and detecting PSSCH DMRS for demodulation). Thus, having RE mapping of the 2nd stage SCI as soon as possible after the 1st stage SCI symbols, spread over RBs in all the subchannels for the scheduled PSSCH (i.e. Alt 1-2 or Alt 2), makes sense. However, it could be also useful to have the REs for the 2nd stage SCI spread only over RBs in the subchannel having the corresponding 1st stage SCI (i.e. Alt 1-1), to increase further its coverage, if there is no significant latency issue. To support better such flexibility it would be preferable to provide the network/Tx-UE the ability to select the exact RBs that can be used by 2nd stage SCI (e.g. in the form of minimum and maximum possible RB, see Figure 3). Exact location and mapping of the 2nd stage SCI could be explicitly indicated to Rx-UE by 1st stage SCI. However, a more efficient approach in terms of signalling overhead could be to configure some of the aforementioned parameters per resource pool (e.g. configure RE way of mapping and use 1st stage SCI indication for the exact location of 2nd stage SCI).
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Figure 3: Flexible RE mapping of the 2nd stage SCI within the PSSCH.
Proposal 7: Allow flexible RE mapping of the 2nd stage SCI within the PSSCH and explicitly indicate specific chosen location/mapping via 1st stage SCI. 
2.3.3 2nd stage SCI modulation and coding
Another question regards the modulation and coding of 2nd stage SCI. Adaptable code-rate (or equivalently number of CCEs or AL) of 2nd stage SCI will be useful. One reason is that unicast and groupcast (mainly targeted for 2nd stage SCI) can have different requirements in terms of reliability. One other reason is for adapting the overhead due to 2nd stage SCI within PSSCH resource. Having 2nd stage SCI code-rate as function of data MCS (e.g. using same modulation order as PSSCH and a betaOffset) is an option. 2nd stage SCI will generally require higher reliability than PSSCH which can use soft combining from HARQ procedure or blind repetitions. However, considering the need to design for future compatibility, 2nd stage SCI and PSSCH in same resource may not be necessarily associated; for example, considering a 2nd stage SCI used for relaying-related features, UE will not need to decode PSSCH related control information in such case. We conclude that exact code-rate or MCS should be explicitly indicated to Rx-UE by 1st stage SCI.
Proposal 8: Allow flexible code-rate or MCS of the 2nd stage SCI and explicitly indicate specific choice via 1st stage SCI. 

While keeping flexibility for 2nd stage SCI location/mapping and modulation/coding is considered useful, it is also important to keep the 1st stage SCI size small. One efficient approach would be to use same bits within 1st stage SCI to either denote the one or the other parameter. Figure 4 below illustrates such solution considering a configured interpretation of 1st SCI bit field. If configuration requires adaptive modulation/coding of 2nd stage SCI, a bitmap {b2-bM} within 1st stage SCI can be used to indicate its MCS (or the beta offset from data MCS) while the exact location of 2nd stage SCI can extracted from a default pre-configuration. On the other hand, if configuration requires adaptive location/mapping of 2nd stage SCI, the same bitmap {b2-bM} can be used instead to interpret the location of 2nd stage SCI while default pre-configuration is taken into account for coding of 2nd stage SCI.
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Figure 4: 1st SCI bit field interpretation based on configuration.
Coding and location parameters are good candidates to share a bit-field between them. Main reason is that both could be generally pre-configured and changed only under certain circumstances. At the same time, the expected size of each bit field is expected to be of similar proportions, which will mean minimal waste of SCI bits. 

Proposal 9: Support the ability to configure 1st stage SCI bit field to either denote location or coding of 2nd stage SCI. 

3 Conclusion
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.
Observation 1: For time-domain structure of PSSCH DMRS, dynamic pattern adaptation can be based on speed and MCS and there can be more than two optimal patterns per SCS.

Proposal 2: Support (pre)configuration of more than two PSSCH DMRS patterns in time domain per resource pool.

Proposal 3: Support (pre)configuration of subsets of PSSCH DMRS patterns within the superset of (pre)configured patterns for a resource pool.
Proposal 4: Prioritized configuration of PSSCH DMRS patterns is supported to minimize SCI overhead due to multiple possible patterns.
Proposal 5: For both Mode 2 and Mode 1, PSSCH DMRS pattern is chosen by the Tx UE.

Proposal 6: Restrict DMRS pattern choice to a subset of patterns from the (pre)configured set for a resource pool.
Observation 2: Provision needs to take place in both 1st and 2nd SCI design to retain flexibility for forward compatibility.
Proposal 7: Allow flexible RE mapping of the 2nd stage SCI within the PSSCH and explicitly indicate specific chosen location/mapping via 1st stage SCI. 

Proposal 8: Allow flexible code-rate or MCS of the 2nd stage SCI and explicitly indicate specific choice via 1st stage SCI. 

Proposal 9: Support the ability to configure 1st stage SCI bit field to either denote location or coding of 2nd stage SCI. 
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