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1 Introduction
In the previous RAN1 meetings, RAN1 discussed the PSCCH design on single-stage or two-stage SCI, and DMRS pattern design. The following conlusions were made:
	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

· Companies are encouraged to perform analysis (e.g., flexibility, complexity, forward compatibility, overhead, spec impact, latency, robustness, reliability, etc.)/evaluations with details of the SCI contents comparing single-stage vs. two-stage SCI. Aim to conclude in RAN1#98

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

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



In this contribution, we give our views related to SCI and DMRS design.
2 PSCCH design
Single-stage SCI vs two-stage SCI
In the RAN1 #97 meeting, RAN1  discussed single-stage SCI vs two-stage SCI. The two-stage SCI consists of a first-stage SCI including information related to channel sensing which should be available for all UEs that perform sensing, and a second-stage SCI including information that is used for one or more target UEs, for example necessary information for the target receiver UEs. We analyse single-stage and two-stage SCI in terms of forward compatibility, complexity, flexibility, and reliability. 
Forward compatibility

It is possible that new control information needs to be included in the SCI in order to support further enhancements on future sidelink communications in a later release. The SCI enhancement needs to consider all transmission types: unicast, groupcast and broadcast. For single-stage SCI, a payload size for SCI is expected to be the same for all transmission types. Though a new SCI format can be specified for the future release to support new features, the payload size will need to be the same among all the transmission types especially for SCI sensing. Alternatively reserved bits in the SCI of LTE V2X can be used. However, the amount of additional information that can be carried in SCI is limited by the maximum number of reserved bits. On the other hand, two-stage SCI provides for design flexibility in the sense that the additional information can be signalled in the second stage and the first stage SCI can be used even in the future release. In that sense, two-stage SCI is forward compatible.
Complexity

At RAN1#97, it was concluded for two-stage SCI that the receiver does not need to perform blind decoding of the 2nd-stage after decoding the 1st-stage. Furthermore since channel estimation for the second-stage is performed by PSSCH DMRS, the additional decoding complexity of the second-stage will be small. Therefore the decoding complexity for two-stage SCI is not increased as compared to single-stage SCI.
Flexibility

For the two-stage SCI, the first stage can indicate frequency-time resource location of the second stage and PSSCH. In addition, for both the single-stage SCI and the first-stage of the two-stage SCI, payload sizes are the same among all transmission types. This means that flexibility in terms of resource allocation is the same between the two-stage SCI and the single-stage SCI.
Reliability 

Required SCI contents will be different among unicast, groupcast and broadcast transmissions. For example, unicast and groupcast transmissions need HARQ related information like HARQ process number, NDI, RV etc, while broadcast transmission may not need such information. If the payload size for the single-stage SCI is the same for all transmission types, the payload size for the single-stage SCI is determined by the largest size required for the three transmission types.
For the two-stage SCI, the payload size of the first stage can be reduced as compared to the single-stage SCI irrespective of the transmission types. Such small payload size provides higher reliability because of a low coding rate. As for the second-stage, since PSSCH DMRS is used for the decoding, a high reliability can be obtained from the viewpoint of the number of DMRS. Therefore the two-stage SCI is more reliable as compared to the single-stage SCI.
From the above analysis, we propose to support the two-stage SCI for sidelink.

Proposal 1: Support two-stage SCI for sidelink.
3 PSSCH design

DMRS for PSSCH
Frequency domain DMRS pattern

In RAN1#97, it was agreed as a working assumption that Rel-15 PDSCH DMRS Configuration type 1 and/or type 2 are reused for the frequency-domain pattern of PSSCH DMRS, and FFS whether to support either one or both types. Compared to type 1, type 2 aims at supporting a higher number of antenna ports to support massive-MIMO for MU-MIMO. Therefore the performance of channel estimation is relatively worse due to a lower DMRS density in the frequency domain. In addition, for the V2X use-case, it is not necessary to support such massive-MIMO schemes. Hence, it is proposed that NR PDCCH DMRS type 1 is reused for the frequency-domain pattern of PSSCH DMRS.
Proposal 2: NR PDCCH DMRS type 1 is reused for frequency-domain pattern of PSSCH DMRS. 
Time domain DMRS pattern

In the time domain, we propose to support multiple DMRS patterns per resource pool. The reason is that the DMRS symbol position and density in the time domain may be dependent on SCS (subcarrier spacing), speed or traffic type of vehicle. 
For example, vehicles moving at lower speed or using larger SCS do not need a DMRS design with high density, while vehicles with higher speed or using smaller SCS need a denser DMRS design. Since vehicles with different speeds and SCS may share the same resource pool, multiple DMRS patterns should be supported within a resource pool. 
Proposal 3: Multiple DMRS patterns are supported such that a particular DMRS pattern may be chosen  based on SCS, vehicle speed or traffic type.
For multiple DMRS patterns per resource pool, it is necessary to avoid misalignment of DMRS patterns between transmitter UE and receiver UE. 
In mode 1, similar to the NR uplink of Uu-link, the DMRS pattern can be configured by gNB via RRC signalling or pre-configured for a UE that is out of coverage. In this way, the DMRS pattern can be (pre-)configured based on the SCS for each resource pool. On the other hand for mode 2, the DMRS pattern can be selected by the transmitter UE based on speed or traffic type. Therefore DMRS pattern switching should be dynamically performed in contrast with the method for mode 1 configuration. In this sense, it is more straightforward that the transmitter UE indicates the selected DMRS pattern to the receiver UE via SCI signalling.
Proposal 4: For mode 1, DMRS pattern is signalled by gNB via RRC signalling.

Proposal 5: For mode 2, DMRS pattern is selected by the transmitter UE and signalled in the SCI to the receiver UE.
4 Summary
In this contribution, the following proposals are made:
Proposal 1: Support two-stage SCI for sidelink.
Proposal 2: NR PDCCH DMRS type 1 is reused for frequency-domain pattern of PSSCH DMRS. 
Proposal 3: Multiple DMRS patterns are supported such that a particular DMRS pattern may be chosen  based on SCS, vehicle speed or traffic type.
Proposal 4: For mode 1, DMRS pattern is signalled by gNB via RRC signalling.

Proposal 5: For mode 2, DMRS pattern is selected by the transmitter UE and signalled in the SCI to the receiver UE.
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