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1	Introduction
A new study item on 3GPP eV2X has been approved in RAN plenary #80 meeting [1] to study V2X enhancements over Rel-14 and Rel-15 LTE V2X, as potential one of Rel-16 NR features. The enhancement features, identified as eV2X services in SA1, include 25 uses cases for V2X services in four use case groups: vehicles platooning, extended sensors, advanced driving, and remote driving.
Based on the SID [1], RAN1 shall study NR sidelink design under these aspects:
	· Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 
· Study the support of sidelink unicast, sidelink groupcast and sidelink broadcast
· Study NR sidelink physical layer structures and procedure(s)
· Study sidelink synchronization mechanism
· Study sidelink resource allocation mechanism (also including objective 3)
· Study sidelink L2/L3 protocols



This contribution provides an overview on the sidelink design to meeting V2X requirements as specified in [1], [2] and [3]. We also have other contributions [4] [5] [6] [7] to provide more detailed proposals on various sidelink aspects.

2	Requirements for sidelink design
As specified in [2], here is the list of 25 use cases for eV2X services:
1. eV2X support for vehicle platooning
2. Information exchange within platoon
3. Automotive: sensor and state map sharing
4. eV2X support for remote driving
5. Automated cooperative driving for short distance grouping
6. Collective perception of environment
7. Communication between vehicles of different 3GPP RATs
8. Multi-PLMN environment
9. Cooperative collision avoidance (CoCA) of connected automated vehicles
10. Information sharing for partial/ conditional automated driving
11. Information sharing for high/full automated driving
12. Information sharing for partial/ conditional automated platooning
13. Information sharing for high/full automated platooning
14. Dynamic ride sharing
15. Use case on multi-RAT
16. Video data sharing for assisted and improved automated driving (VaD)
17. Changing driving-mode
18. Tethering via Vehicle
19. Use case out of 5G coverage
20. Emergency trajectory alignment
21. Teleoperated support (TeSo)
22. Intersection safety information provisioning for urban driving
23. Cooperative lane change (CLC) of automated vehicles
24. Proposal for secure software update for electronic control unit
25. 3D video composition for V2X scenario
These 25 user cases can be categories into 4 use case groups: vehicles platooning, extended sensors, advanced driving and remote driving. The requirements listed in [2] can be summarized in Table 1:
[bookmark: _Ref521509869]Table 1   Summary of requirements of 4 V2X use case groups
	Use case group
	Tx rate
	Latency (ms)
	Reliability
	Min Range

	Vehicles platooning
	med (up to 2.6Mbps)
	10 to 25
	high (certain use cases)
	~350m

	Advanced driving
	med (up to 1.6Mbps)
	3 to 100
	high (certain use cases)
	up to 700m

	Extended sensors
	low (128kbps)
	3 to 100
	extreme high
	50m to 1000m

	Remote driving
	high (25Mbps uplink)
	5ms
	extreme high
	n/a



LTE V2X sidelink design supports in-coverage, partial-coverage, and no-coverage scenario. It would be expected that NR V2X sidelink shall have the similar coverage features, indicating that NR sidelink shall provide reasonable performance to meet these requirements listed in Table 1. These requirements would expect sidelink to support transmission of high reliability, low latency, moderate to high link transmission rates, and sufficient transmission range.

3	Overview of NR sidelink design
Based on the NR V2X requirements, the NR sidelink shall provide communication links of high reliability, low latency, moderate to high link transmission rates, and sufficient transmission range. Similar to the LTE V2X sidelink design, NR sidelink shall be based NR uplink, with possible enhancements to meet specific V2X requirements. 
NR sidelink shall support transmission with and without NR/LTE base station coverage. Considered the worst case without any network support, NR sidelink shall have all essential communication components, including synchronization channel, initial access channel, control channel for indication and feedback, and data channel. 

3.1	NR features for NR sidelink design
Compared to LTE V2X, there are at least two desirable NR features for NR sidelink design:
1. Support of FR2, as well as FR1;
2. Support of massive MIMO operation.
At higher frequency such as mmW spectrum, it is potential to have a very high throughput sidelink design for short distance due to wide bandwidth. This could enable video sharing among UEs through sidelink, or sensor information sharing in groupcast or broadcast mode. 
The SID [1] also indicates the sidelink frequency for FR1 and FR2 as:
	Sidelink frequency: Sidelink frequencies for FR1 and FR2 (i.e. up to 52.6 GHz) unlicensed ITS bands and licensed bands are considered in the study. The target is to have a common sidelink design for both FR1 and FR2. The closing of the SI and the opening of the WI should not be dependent on the completion level of FR2, although it is targeted to complete SI aspects for both FR1 and FR2.



The sidelink design shall have a common design for both FR1 and FR2. Given there are quite some significant different properties between FR1 and FR2, the sidelink design shall be flexible to accommodate both FR1 and FR2 through configuration, similar to Rel-15 NR. With this, we propose that 
Proposal 1: Study a common sidelink design with configurability to both FR1 and FR2.
Another message from SID is that the sidelink shall support unlicensed bands. This indicates that certain features of NR-U might be applied to sidelink, where contention based access could be applied for slidelink.
Proposal 2: Study sidelink support for unlicensed band access.
The other important NR feature is the MIMO support with beam management. A large Tx/Rx antenna array would enable vehicle UEs to improve transmission range through beamforming. Coverage of sidelink would be improved with beamforming. Besides, beamforming at higher frequency could also be beneficial to provide better spatial resolution in beam based positioning, which is very important for many use cases such as platooning, coordinated driving, and collision avoidance. 
Proposal 3: Study MIMO with beam management for sidelink design.

3.2	Physical layer structure
NR sidelink design shall follows NR uplink frame structure as the starting point, with enhancements to meeting V2X requirements. NR sidelink shall support flexible frame structure with various subcarrier spacing to enable its easy deployment at various NR bands. 
NR uplink supports two waveforms, CP-OFDM and DFT-S-OFDM, where CP-OFDM is targeted for high throughput operation, and DFT-S-OFDM is used for coverage limited scenarios. Given that V2X use cases include low rate transmission, DFT-S-OFDM could be still useful in these cases with better coverage.
On the other hand, the sidelink design shall enhance current NR uplink design to meet these V2X requirements. For example, Rel-15 NR supports up to 4Tx in uplink. This might limit MIMO performance in FR2 for high data rate transmissions.
Sidelink will be operating as TDD mode, since there is no difference of DL/UL transmission. Sidelink communication channels are always shared by all UEs based on either coordinated or contested resource allocation. Besides, V2X service may be deployed at unlicensed band, as indicated in SID [1], sidelink channel may be shared with other services unknown to the network. A contention based channel sharing mechanism for sidelink would be designed as an option.
Proposal 4: Design NR sidelink based on NR uplink with enhancements.
The other aspects on sidelink physical layer structure and procedures are discussed in our companion contribution [4].
3.3	Sidelink sync channel
Sidelink sync channel shall provide UE-based synchronization under the worst case when there is no gNB/eNB or GNSS coverage. For this purpose, the sync channel shall provide
1. Timing information for UE sync and timing basis for possible positioning;
2. Symbol level timing so that communication links can be established.
Beam based sync channel would be applied when UEs are equipped with antenna array with beamforming capability. We propose to consider beam based design for sidelink sync channel: 
Proposal 5: Study beam based sidelink sync channel design.
The other aspects on sidelink synchronization are discussed in our other companion contribution [5].

4	Conclusions
This contribution provides a general overview on NR V2X sidelink design. From our discussion, we have these proposals:
Proposal 1: Study a common sidelink design with configurability to both FR1 and FR2.
Proposal 2: Study sidelink support for unlicensed band access.
Proposal 3: Study MIMO with beam management for sidelink design.
Proposal 4: Design NR sidelink based on NR uplink with enhancements.
Proposal 5: Study beam based sidelink sync channel design.
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