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1 Introduction
In the RAN1 Ad-Hoc meeting, the following agreements were made for the physical layer structure of the NR sidelink [1]. 

Agreements:

· For time domain resources of a resource pool for PSSCH, 

· Support the case where the resource pool consists of non-contiguous time resources
· FFS details including granularity
· For frequency domain resources of a resource pool for PSSCH, 

· Down select following options:

· Option 1: The resource pool always consists of contiguous PRBs

· Option 2: The resource pool can consist of non-contiguous PRBs

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.

Agreement:

· Support PT-RS for PSSCH for FR2

Conclusion:

· RAN1 to conclude on the need of physical channel for discovery in RAN1#96.

In this contribution, we discuss PSSCH resource pool, RS design and discovery channel.
2 Discussion
2.1
PSSCH resource pool
For time domain resources, since NR supports V2X service with a lower latency requirement compared to LTE-V2X, a finer granularity of time domain resources should be supported. Therefore, the time domain resources should be configured on a slot level granularity.
For frequency domain resources, down selection is necessary between whether the resource pool can consist of non-contiguous PRBs or not. In our view, non-contiguous PRBs are necessary at least for PSCCH/PSSCH multiplexing option 2 and 3. 

Proposal 1:
Time domain resource granularity for PSSCH should be slot level

Proposal 2:
Support option 2: The resource pool can consist of non-contiguous PRBs
2.2
RS design
In general, the sidelink communication environment always changes when vehicles communicate with each other at different speeds and/or in different geographical conditions. It is necessary that NR-V2X provides reliable and efficient communication in these different speeds and conditions. 
Reducing unnecessary overhead will lead to higher communication performance in the sidelink. Therefore, RAN1 should consider techniques that may enhance communication performance by reducing overhead. Here are some of the various vehicular environments that will affect consideration of overhead reduction.
(1) Vehicle speed
· Vehicle speed mainly affects Doppler frequency shift. In the highway scenario, a speed of up to 140 km/h is assumed for each vehicle in the simulation assumptions, which means that the maximum relative speed is 280 km/h. The maximum requirement for relative speed is 500km/h in NR-V2X. To support such higher vehicle speeds, dense DMRS will be necessary.
· On the other hand, in the traffic jam scenario, a large number of vehicles are assumed with a very low speed, such as 10 km/h or below. Since the large number of vehicles can cause congestion of the communications traffic, their spectrum resources have to be carefully handled as otherwise the resource congestion gets even worse. Unlike the large Doppler case, for the low-speed scenario, the density of DMRS can be lowered.
· Anticipated Doppler environment can be different depending on countries/regions. The maximum speed may be different in some countries. The maximum speed can be different depending on the deployment area, e.g., urban or rural. In particular, in the urban area, maximum speed can be different depending on more specific reasons, such as road width, visibility, etc.
(2) Communication type
· In NR-V2X, various communication types should be supported such as unicast, groupcast and broadcast. The overhead may be reduced for specific communication types. 
· For example, if groupcast communication is used in the platooning scenario, the communication range and relative speed is almost fixed. In this case, DMRS overhead optimization can be applied. Also, if communication coverage is limited, feedback communication may not be necessary. In this case, CSI-RS overhead may also be reduced.
(3) Operation frequency
· Both FR1 and FR2 can be considered. The characteristics of these frequency ranges are different. 

· For example, if FR1 is used, PT-RS in FR1 can be reduced compared to PT-RS usage in FR2. Also, operation frequency will affect the properties of the Doppler effect. 
Observation 1:
Due to the presence of various V2X operation environments, flexible RS design is required to reduce unnecessary overhead.

For DMRS design, techniques that may improve overhead reduction may include multiple DMRS pattern switching, where each DMRS pattern has a different DMRS structure. It should be possible to control the use of such an enhancement, depending on the speeds of vehicles, communication types and operation frequency ranges. Therefore, multiple DMRS patterns per resource pool should be supported. For DMRS alignment in PSSCH, between the TX UE and RX UE, the DMRS pattern can be configured by SCI indication or RRC configuration. 
Proposal 3:
It should be possible to control multiple DMRS patterns, depending on the speeds of vehicles, communication types and operation frequency ranges.
Proposal 4: Multiple DMRS patterns are supported per a resource pool.

Proposal 5: DMRS pattern between TX and RX UE can be configured by RRC signalling and/or SCI.
2.3
Discovery channel
In order to support unicast and groupcast communication in NR V2X, it is necessary to find the target receiver UE(s). There are at least two ways to support UE discovery. One way is by supporting a dedicated discovery channel. The other one is to use existing PSCCH/PSSCH. Compared to existing PSCCH/PSSCH based discovery, a discovery channel may need more specification effort and cause resource fragmentation. Also it should be noted that the discovery procedure will not be operated as frequently as D2D communication itself. Considering these aspects, it is not required to specify a discovery channel, at least in release-16 NR V2X.
Proposal 6:
 In release 16 NR V2X, discovery channel is not supported.
3 Summary
In this contribution, the following observation and proposals are made:
Proposal 1:
Time domain resource granularity for PSSCH should be slot level

Proposal 2:
Support option 2: The resource pool can consist of non-contiguous PRBs
Observation 1:
Due to the presence of various V2X operation environments, flexible RS design is required to reduce unnecessary overhead.

Proposal 3:
It should be possible to control multiple DMRS patterns, depending on the speeds of vehicles, communication types and operation frequency ranges.
Proposal 4: Multiple DMRS patterns are supported per a resource pool.

Proposal 5: DMRS pattern between TX and RX UE can be configured by RRC signalling and/or SCI.
Proposal 6:
 In release 16 NR V2X, discovery channel is not supported.
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