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1 Introduction

At RAN#80, a new SI was approved on V2X in NR [1]. This SI is to study the support of advanced V2X services beyond services supported in LTE Rel-15 V2X.
Significant work has already been done on V2X for LTE, with a couple of WIs in Rel-14 to standardize a solution to support basic road safety services. A follow-up WI in Rel-15 introduced new features in sidelink, including: carrier aggregation, 64-QAM, and latency reduction. In addition, the first NR release was just completed for eMBB. In order to focus RAN1’s efforts where they are most needed, it is necessary to take a look at what RAN1 already standardized, and determine what is applicable as is, what needs to be modified, and what needs to be redesigned from the ground up. 
In this contribution we provide a review of both LTE V2X and NR eMBB, and provide NR V2X design recommendations based on the existing work.  
2 Reuse of LTE V2X features
2.1 Spectrum and deployments
LTE V2X can be deployed on a shared carrier or a dedicated carrier. For the shared carrier case, V2X resources are located within the UL resources. LTE supports V2X communication both in-coverage and out-of-coverage, where two sidelink transmission modes are defined for different scenarios: eNB-scheduled Mode 3, and UE-autonomous Mode 4. In Mode 3, eNB can dynamically or semi-persistently schedule the sidelink transmission, while in Mode 4, a UE selects resources based on sensing procedures. In LTE Rel-15, sidelink carrier aggregation (up to 8 CCs) is supported for higher data rate services. Given that NR deployment scenarios are more diverse than for LTE, both in terms of supported services and radio-parameters, NR V2X should at least support the deployment options of LTE-V2X. 
Proposal 1: NR V2X supports the following spectrum and deployment options similar to LTE-V2X:
· It can be deployed on shared and dedicated carriers
· It can be deployed in licensed (i.e., MNO) and vehicular (e.g., ITS) spectrum.
· It supports gNB-scheduled (mode 1) and non-gNB scheduled (mode 2) sidelink transmission modes.
· It supports carrier aggregation
2.2 Resource allocation

In LTE V2X, both scheduled transmission (dynamic and semi-persistent scheduling) and UE autonomous resource selection are supported. The dynamic scheduling provides full gNB control and most flexible scheduling decisions for in coverage UEs. In addition, LTE semi-persistent scheduling Mode 3 and sensing based Mode 4 are introduced, and designed with basic safety message periodic traffic arrivals in mind. Figure 1 and Figure 2 illustrate the resource allocation procedures for LTE-V.
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Figure 1. LTE-V mode-3 resource allocation procedure.
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Figure 2. LTE-V mode-4 resource selection procedure. 
To extend NR V2X to support aperiodic traffic and higher requirements set by SA1 [2], NR should introduce SL transmission modes which can support unicast, groupcast, and broadcast via dynamic and semi-persistent scheduling [3]; and in the case of non-gNB scheduled operation support a mode similar to NR Type 1 grant free whilst continuing to further study the benefits and feasibility of having a sensing-based transmission mode in NR [4].
Proposal 2: NR V2X includes dynamic and semi-persistent gNB-scheduling for NR SL transmission mode 1, and Type 1 NR grant-free-like operation for NR SL transmission mode 2. The benefits of sensing based transmission in SL mode 2 should be further studied, particularly with reference to periodic traffic.
2.3 Synchronization

LTE-V can use a variety of synchronization sources, as shown in Figure 3.
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Figure 3. Possible synchronization sources for LTE-V.

The synchronization design and assumptions for LTE-V are as follows: 

· Synchronized sidelink. In LTE V2X, the sidelink is synchronized. Synchronization is a basic design principle in 3GPP necessary to support OFDMA and frequency based MIMO operation. 
· Timing reference for shared carrier. Downlink transmission timing is used for LTE-V2X. This means no TA command is needed in the DCI.
· Multiple synchronization sources. To support both shared carriers, ITS dedicated carriers and varied coverage scenarios (in-coverage, partial coverage, out-of-coverage), there are three type of synchronization sources that can be used: eNB, GNSS and UE.
· Support SLSS transmission. Considering there are out-of-coverage scenarios and scenarios without GNSS, LTE-V2X supports SLSS transmission.
· Synchronization support for CA. For the transmitter’s perspective, all carriers use the same synchronization source, thereby eliminating the need to maintain multiple synchronization processes. 
· Procedure for selection of synchronization source. An extensive procedure for synchronization source selection was designed for LTE-V2X. This procedure ensures that the UE always selects the best synchronization source. The synchronization order is as follows: 
· First priority: GNSS or gNB/eNB (configured)

· Second priority: gNB/eNB or GNSS (configured)

· Third priority: in-coverage UEs

· Fourth priority: out-of-coverage UEs that are synchronized with an in-coverage UE
· Fifth priority: out-of-coverage UEs not synchronized with an in-coverage UE
Significant time and effort was spent on the LTE-V2X synchronization procedure to make sure that all possible cases were addressed. At this stage, no shortcoming of this procedure has been identified. Thus, we propose to use it as a starting point for NR V2X synchronization.

Proposal 3: LTE-V2X synchronization mechanism is a starting point for NR V2X.
3 Reuse of NR features
3.1 Waveform
In NR Release 15 although both OFDM and DFT-S-OFDM are supported for UL, the usage of DFT-S-OFDM mainly targets link budget limited scenarios, e.g. cell-edge UEs and UEs with fairly large path loss. As such, NR supports the transmission of only a single-layer with DFT-S-OFDM. From interference cancelation point of view, a symmetric waveform for DL, UL and SL is desirable. On the other hand, communication in SL is not typically link budget limited compared to UL, since the transmitter and the receiver(s) are typically in proximity of each other. Using CP-OFDM in both UL and SL may be also helpful from implementation perspective. Therefore, CP-OFDM should be supported as the main waveform for NR sidelink.
Proposal 4: NR V2X should assume CP-OFDM as the baseline for UE support, and FFS for DFT-S-OFDM.
3.2 Modulation

In NR Release 15, 256-QAM (when transform precoding is disabled) is adopted to support higher date rate. NR V2X requires data rate as much as 1Gbps [2], and hence NR sidelink can adopt NR Uu modulation of at least 256-QAM.

Proposal 5: NR V2X supports 256-QAM.
3.3 Bandwidth parts
Bandwidth Part (BWP) has been introduced in NR Release 15, where a UE can support up to four BWPs configured by the network. At a given time in a given serving cell, only one DL-BWP and one UL-BWP can be active for a UE. A UE is not expected to transmit or receive outside of its active UL-BWP or DL-BWP, respectively. Also, many higher-layer configurations in NR Release 15, e.g. configuration of PDSCH, PUSCH, and PDSCH are done per BWP.  Whether NR SL and NR UL share the same carrier or not, RAN1 needs to study the impact of bandwidth parts for SL communication [5], as shown in Figure 4.
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Figure 4. BWP for SL communication
Proposal 6: Definition and operation of BWPs for SL communication should be studied. 
3.4 Frame structure and numerologies
To support the different traffic variation characteristic in Uu link, NR Rel-15 supports flexible resource allocation with both semi-static and dynamic slot direction configuration as well as configurable numerology, i.e. subcarrier spacings of 15 kHz, 30 kHz and 60 kHz for sub-6 GHz, and 120 kHz and 240 kHz for above 6 GHz. NR-V2X encompasses a broad range of applications, and will cover advanced services such as platooning, remote driving, extended sensors and advanced driving. To support the different traffic variation both in Uu link and sidelink, it is natural to adopt NR air interface properties [5]. 
Proposal 7:  NR sidelink design should start from the NR Uu design to adopt configurable slot formats, signaling and numerology.
3.5 Link adaptation and HARQ

NR Uu supports link adaptation and HARQ operation to improve reliability and efficiency. To support unicast over NR sidelink, SL-CSI feedback based link adaptation and SL-HARQ transmission need to be supported to achieve the necessary reliability and efficiency required for NR advanced services – such features can also improve groupcast transmission.
Proposal 8: CSI feedback based link adaptation and HARQ transmission need to be supported for NR sidelink transmission.
3.6 UE-centric approach

NR design is UE-centric and in that sense NR is more reliant on flexible dedicated signaling and less reliant on cell-specific configurations than LTE. The same UE-centric approach should be adopted for SL design in NR whenever possible (e.g. in-coverage scenario).

Proposal 9: Whenever feasible, use dedicated signaling for UE configuration. For out-of-coverage scenarios, use pre-configuration.
3.7 Beam-based transmission
Beam based transmission is introduced in NR for all the channel and signal transmissions. Sidelink should also support beam-based transmission, as shown in Figure 5. The beam-based transmission generally includes sidelink beam management (beam measurement configuration and reporting, beam indication), and beam failure recovery. 
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Figure 5. Beam-based sidelink transmission
Proposal 10: Sidelink should support beam-based transmission and study the relevant procedures and configurations.
3.8 Synchronization signal block
NR Uu supports block-wise design of synchronization signal block to cope with the beam-forming based transmission. Since V2X is expected to share a similar system setup as eMBB, it is recommended to consider the synchronization signal block (SSB) design for NR V2X sidelink as a baseline, with modifications for SLSS and PSBCH made to achieve efficient support of the requirements of V2X use cases and deployment scenarios.  
Proposal 11: NR V2X studies introducing a sidelink SSB structure, with the Uu SSB design as a baseline. A unified design for FR1 and FR2 is preferred.
4 Conclusions
Proposal 1: NR V2X supports the following spectrum and deployment options similar to LTE-V2X:

· It can be deployed on shared and dedicated carriers

· It can be deployed in licensed (i.e., MNO) and vehicular (e.g., ITS) spectrum.

· It supports gNB-scheduled (mode 1) and non-gNB scheduled (mode 2) sidelink transmission modes.

· It supports carrier aggregation

Proposal 2: NR V2X includes dynamic and semi-persistent gNB-scheduling for NR SL transmission mode 1, and Type 1 NR grant-free-like operation for NR SL transmission mode 2. The benefits of sensing based transmission in SL mode 2 should be further studied, particularly with reference to periodic traffic.
Proposal 3: LTE-V2X synchronization mechanism is a starting point for NR V2X.
Proposal 4: NR V2X should assume CP-OFDM as the baseline for UE support, and FFS for DFT-S-OFDM.

Proposal 5: NR V2X supports 256-QAM.

Proposal 6: Definition and operation of BWPs for SL communication should be studied. 
Proposal 7:  NR sidelink design should start from the NR Uu design to adopt configurable slot formats, signaling and numerology.

Proposal 8: CSI feedback based link adaptation and HARQ transmission need to be supported for NR sidelink transmission.
Proposal 9: Whenever feasible, use dedicated signaling for UE configuration. For out-of-coverage scenarios, use pre-configuration.
Proposal 10: Sidelink should support beam-based transmission and study the relevant procedures and configurations.

Proposal 11: NR V2X studies introducing a sidelink SSB structure, with the Uu SSB design as a baseline. A unified design for FR1 and FR2 is preferred.
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