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1. Introduction
In RAN #80 a new Study Item for NR-V2X was approved [1]. As part of the SID, it is assumed that NR-V2X is required to support advance use cases of automated driving. These requirements cause the NR-V2X to handle diverse set of applications running at the same time in a vehicular UE.  Advance use cases require lower latency, higher reliability, and higher throughput. NR-V2X can be supported over both NR Uu and NR sidelink. However, in this document we discuss design principles of NR sidelink for V2X communications based on the above-mentioned requirements.
2. Design principles for NR-V2X Sidelink 
As mobile wireless communication is moving from 4G to NR and automotive industry is moving from manual driving to autonomous driving, NR-V2X is in unique position to get benefitted from these two trends and in turn can be helpful for autonomous driving. NR-V2X sidelink is required to support stringent requirements in terms of latency and reliability at the same time supporting diverse applications. In general NR-V2X sidelink can borrow some principles from NR Uu and incorporate some of the lessons learned from Rel-14/15 LTE-V2X. NR-V2X sidelink should be developed based on following principles:
2.1 General Design considerations
Similar to Rel-14/15 LTE-V2X, NR-V2X sidelink should be designed based on synchronous operation between UEs. 
Principle 1: NR-V2X sidelink should be based on synchronous communications between UEs, so that the resource wastage due to asynchronous operation can be avoided.
In Rel-12 D2D, RAN1 decided to use uplink spectrum for D2D operation when D2D is being operated in the licensed spectrum. This principle is valid for NR as well. Rel-14/15 LTE-V2X mostly targeted license exempt ITS spectrum. Again this can be applicable to NR-V2X sidelink.
Principle 2: NR-V2X sidelink operates either in license exempt ITS spectrum or utilizes uplink spectrum for communication when operating on licensed spectrum. 
2.2 Link Level Design Considerations
NR Uplink supports CP-OFDM and DFT-S-OFDM based waveforms. However, from NR-V2X sidelink point of view CP-OFDM based waveform is preferable as power saving is not main concern for sidelink. Choice of CP-OFDM clearly provides several flexibility and efficiency in placing DMRS compared to SCFDM of LTE-V2X. This will allow support of multiple layers as well as will lead to lower reference signal overhead.
Principle 3: CP-OFDM is used for NR-V2X sidelink.
NR Uu supports multiple numerologies to provide flexibility in deployment. Even though NR-V2X sidelink is distributed system and not many numerologies are required. However, flexible numerology which is configurable at the system level allows better performance e.g. higher spacing provides better performance at high speed. Also, FR1 can have one numerology and FR2 can have different numerology. The exact numerology used should be configurable or pre-configurable. Deployments where different UEs using different numerology within a pool of time and frequency resources, i.e., a resource pool, will be challenging to support. Configuration should be such that all UEs within a resource pool are use the same numerology. 
Principle 4: Similar to NR Uu, NR-V2X sidelink supports multiple numerologies. The exact numerology used should be (pre-)configurable and should apply to all UEs using a common pool of time and frequency resources.
Similar to LTE-V2X a control channel is introduced in NR-V2X sidelink to provide detail transmission characteristics of data channel.
Principle 5: Sidelink control channel is introduced to provide detail transmission characteristics of data channel.
In LTE-V2X, control channel is FDMed with data channel. One of the lesson learned from LTE V2X is that FDMed control and data channel introduces latency in packet decoding as data decoding cannot start before the completion of control channel transmission. Since NR-V2X has to support stringent latency requirements every aspect of latency reduction can be helpful. Hence NR-V2X sidelink should be designed based on the principle of TDM between control and data channel.
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Figure 1: TDMed Control and Data channel for NR-V2X sidelink
Principle 6: To reduce the delay in data channel decoding control channel is TDMed with data channel for NR-V2X sidelink.
In LTE-V2X, fixed number of DMRS symbols were used irrespective of the speed of the vehicle. Even though it was a simple design, but it causes significant overhead as the number of DMRS symbols were transmitted based on high speed scenario. NR-V2X can follow NR Uu approach where front loaded DMRS and variable number of DMRS are supported to achieve optimal balance between efficiency and reliability. 
Principle 7: Similar to NR Uu, front loaded DMRS and variable number of DMRS are used for NR-V2X sidelink. Control channel can indicate the DMRS structure used in the transmission.
To achieve higher efficiency, it is important that HARQ feedback is supported for unicast and groupcast.
Principle 9: Introduce HARQ feedback channel for efficient unicast & groupcast.
To achieve higher throughput more number of layers can be supported. Hence NR-V2X design should allow for channel state feedback for spatial multiplexing.
Principle 10: Introduce channel state feedback to support special multiplexing for unicast.
Introduce synchronization channel for enabling communication when GNSS coverage is challenging. REL-14/15 LTE-V2X synchronization mechanism is not implementation friendly. It is very important to make the synchronization mechanism implementation friendly for NR-V2X.
Principle 11: Introduce implementation friendly synchronization channel for enabling communication when GNSS coverage is challenging.

2.3 Resource configuration
UE autonomous resource selection mechanism is based on resource selection from a pool of resources. Similar to LTE-V2X, pool definition for NR-V2X is required to indicate time and frequency resources that can be used for NR-V2X sidelink.
Principle 12: Similar to LTE-V2X, resource pool definition for NR-V2X sidelink is required to indicate time and frequency resources that can be used by UE to select resource for sidelink transmission.
To reduce decoding complexity requirements on UE, in LTE-V2X sub-channel based resource pool design was used. Sub-channel based approach can still be helpful for NR-V2X sidelink.
Principle 13: Sub-channel based resource pool design is used for NR-V2X sidelink.
Principle 14: Similar to NR Uu a radio frame of fixed 10ms, a subframe of fixed 1 ms and a slot of fixed 14 OFDM symbols are used for NR-V2X sidelink. Where basic scheduling unit is a slot.
No need to define mini slots for very low latency as vehicles have mechanical parts that dominate the latency of any vehicular interaction so end to end latency below few ms is not needed.
Principle 15: No need to define mini slots for NR-V2X sidelink as due to dominated mechanical aspects, vehicular communication latency below few ms is not required.
2.4 Resource selection
As indicated in SID, NR-V2X sidelink should be able to operate out of coverage, partial coverage, and in coverage. 
Principle 16: NR-V2X sidelink should be able to operate out of coverage, partial coverage and in-coverage.
Similar to LTE-V2X, UE autonomous resource selection and eNB scheduled resource allocation should be supported for NR-V2X sidelink. Also, NR Uu should be able to schedule LTE sidelink and LTE Uu should be able to schedule NR sidelink.
Principle 17: UE autonomous resource selection and gNB scheduled resource allocation should be supported for NR-V2X sidelink.
Principle 18: Allow LTE network to allocate NR V2X sidelink.
Principle 19: NR network should also be able to allocate LTE V2X sidelink.
NR V2X resource allocation may be able to take advantage of the presence of UE-type RSUs. For example, an RSU may coordinate the transmissions of UEs in its vicinity to reduce or avoid collisions. Since a UE-type RSU may be less capable than an eNB/gNB-type RSU, such coordination may not as powerful (and thus, complex) as scheduling by eNB/gNB (Mode 3), which means resource allocation by UE-type RSU may have simplified functionality compared with eNB scheduling. 
Principle 20: Study the feasibility to enable UE-type RSU scheduling for sidelink transmissions.
As discussed in evaluation methodology TR (TR 37.885), and also motivated in [2] that NR-V2X is required to support both periodic and aperiodic traffic. Message size from one transmission to another transmission may or may not vary significantly depending upon the applications running on the UE. A common framework based on per slot scheduling should be designed to handle periodic/aperiodic and fixed/variable size packet transmission. NR-V2X sidelink should support flexible transmission in time and frequency from one transmission to another transmission. 
Principle 21: To support periodic, aperiodic, fixed and variable size packet from one transmission to another transmission a common framework based on per slot scheduling is used which is flexible in utilising time and frequency resources used for a transmission.
3. Conclusion
In this contribution, the following design principles for NR-V2X are proposed:
Principle 1: NR-V2X sidelink should be based on synchronous communications between UEs, so that the resource wastage due to asynchronous operation can be avoided.
Principle 2: NR-V2X sidelink operates either in license exempt ITS spectrum or utilizes uplink spectrum for 
Principle 3: CP-OFDM is used for NR-V2X sidelink.
Principle 4: Similar to NR Uu, NR-V2X sidelink supports multiple numerologies. The exact numerology used should be (pre-)configurable and should apply to all UEs using a common pool of time and frequency resources.
Principle 5: Sidelink control channel is introduced to provide detail transmission characteristics of data channel.
Principle 6: To reduce the delay in data channel decoding control channel is TDMed with data channel for NR-V2X sidelink.
Principle 7: Similar to NR Uu, front loaded DMRS and variable number of DMRS are used for NR-V2X sidelink. Control channel can indicate the DMRS structure used in the transmission.
Principle 9: Introduce HARQ feedback channel for efficient unicast & groupcast.
Principle 10: Introduce channel state feedback to support special multiplexing for unicast.
Principle 11: Introduce implementation friendly synchronization channel for enabling communication when GNSS coverage is challenging.
Principle 12: Similar to LTE-V2X, resource pool definition for NR-V2X sidelink is required to indicate time and frequency resources that can be used by UE to select resource for sidelink transmission.
Principle 13: Sub-channel based resource pool design is used for NR-V2X sidelink.
Principle 14: Similar to NR Uu a radio frame of fixed 10ms, a subframe of fixed 1 ms and a slot of fixed 14 OFDM symbols are used for NR-V2X sidelink. Where basic scheduling unit is a slot.
Principle 15: No need to define mini slots for NR-V2X sidelink as due to dominated mechanical aspects, vehicular communication latency below few ms is not required.
Principle 16: NR-V2X sidelink should be able to operate out of coverage, partial coverage and in-coverage.
Principle 17: UE autonomous resource selection and gNB scheduled resource allocation should be supported for NR-V2X sidelink.
Principle 18: Allow LTE network to allocate NR V2X sidelink.
Principle 19: NR network should also be able to allocate LTE V2X sidelink.
Principle 20: Study the feasibility to enable UE-type RSU scheduling for sidelink transmissions.
Principle 21: To support periodic, aperiodic, fixed and variable size packet from one transmission to another transmission a common framework based on per slot scheduling is used which is flexible in utilising time and frequency resources used for a transmission.
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