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1 Introduction
[bookmark: _Hlk505938201]At RAN#80 meeting, new Study Item on NR V2X was approved [1]. The scope for NR V2X includes the following objectives:
· Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 
Study sidelink resource allocation mechanism (also including objective 3)
In RAN1 #94 meeting, the following agreements are made towards sidelink resource allocation for NR V2X[2]:
Agreements:
[bookmark: _Hlk525227761]At least two sidelink resource allocation modes are defined for NR-V2X sidelink communication
· [bookmark: _Hlk525227785]Mode 1: Base station schedules sidelink resource(s) to be used by UE for sidelink transmission(s)
· [bookmark: _Hlk525227822]Mode 2: UE determines (i.e. base station does not schedule) sidelink transmission resource(s) within sidelink resources configured by base station/network or pre-configured sidelink resources 
Notes:
· eNB control of NR sidelink and gNB control of LTE sidelink resources will be separately considered in corresponding agenda items. 
· Mode-2 definition covers potential sidelink radio-layer functionality or resource allocation sub-modes (subject to further refinement including merging of some or all of them) where
a) UE autonomously selects sidelink resource for transmission
b) [bookmark: _Hlk525288592]UE assists sidelink resource selection for other UE(s)
c) UE is configured with NR configured grant (type-1 like) for sidelink transmission
d) UE schedules sidelink transmissions of other UEs 
RAN1 to continue study details of resource allocation modes for NR-V2X sidelink communication
Agreements:
· Study at least the following NR sidelink resource allocation techniques:
· Dynamic resource allocation
· Activation/deactivation based
· E.g., semi-persistent scheduling allocation or NR grant free type-2 
· RRC (pre-)configured
· E.g., configured NR grant type-1, UE autonomous selection of resource(s) from resources configured by RRC
· RAN1 will study the level of network control, e.g., whether the UE may select other parameters (e.g., MCS) and/or the exact transmission resources, and whether the selection is autonomous or not
In this contribution, we will further discuss the sidelink resource allocation mechanism for V2X.
2 [bookmark: _Hlk521077063]Discussion on resource allocation mechanism for V2X
As agreed in RAN1 #94 meeting, at least two sidelink resource allocation modes are defined for NR-V2X sidelink communication: Mode 1 is that base station schedules sidelink resource(s) to be used by UE for sidelink transmission(s) which is similar to LTE mode 3; Mode 2 means that UE determines (i.e. base station does not schedule) sidelink transmission resource(s) within sidelink resources configured by base station/network or pre-configured sidelink resources which is similar to LTE mode 4.
Basically, mode 1 resource allocation is in control of eNB and hence it would be more efficient if the reported information is detailed and reliable enough. However, it would not work if there is no Uu interface. Mode 2 resource allocation does not rely much on the cellular network and can work well out of coverage scenario. Moreover, it can operate in a simple way to reduce signalling overhead of cellular network when in coverage. However, the system capacity may be limited and the system cannot work efficient in some scenario. Some performance comparison between LTE-V2X mode 3 and mode 4 is shown in Figure 3.1 in NGMN’s V2X White Paper [3], and LTE-V2X mode 3 shows some gains compared to LTE-V2X mode 4 in scenarios where vehicles are exposed to high interference power from nearby UEs transmitting at the time. 
Based on the above analysis, the sidelink resource allocation mechanism needs to take the following considerations into account:
[bookmark: _Hlk525292446]A comprehensive solution of mode 1 and mode 2 resource allocation:
As discussed above, there are both advantages and disadvantages for mode 1 and mode 2 resource allocation, hence a comprehensive solution taking the pros of both mode 1 and mode 2 shall be expected. For example, transmission mode adaptation mechanism could be studied.
Proposal 1: A comprehensive solution combining mode 1 and mode 2 resource allocation should be studied.

Mode 1 resource allocation mechanism:
As discussed above, the base station is responsible for sidelink resource allocation so it will rely much on its obtained prior information. In LTE mode 3, UE shall report its zone information and congestion level of the resource pool to eNB and eNB delivers control information (DCI format 5A) to schedule sidelink transmission resource for V2X dynamically or semi-persistently. However, the information may not be enough for efficient scheduling since that the base station has no knowledge about the traffic priority, the traffic mode, the buffer status and so on. It would be impossible for gNB to efficiently schedule/reserve/pre-empt sidelink resources. Therefore, enhanced UE sidelink measurements and reporting need to be studied to assist gNB scheduling and thus the advantages of mode 1 can be maximized.
Proposal 2: Enhanced UE sidelink measurements and reporting for sidelink resource allocation mode 1 need to be studied to assist gNB scheduling.

Mode 2 resource allocation mechanism
Mode 2 resource allocation is similar to LTE mod 4 and UE decides the sidelink resource allocation itself within the configured resource pool. “Sensing and SPS” mechanism is applied to LTE mode 4 which has strong correlation with the traffic mode. LTE V2X focuses on basic requirements and is sufficient for basic road safety service, mostly periodic traffic with fixed packet size is assumed. However, some advanced use cases are defined in NR V2X such as vehicles platooning, extended sensors, advanced driving and remote driving which may require aperiodic/periodic transmission with various packet size. Therefore, changes in traffic mode shall be considered in sidelink resource allocation mechanism design.
Moreover, the communication distance shall be 2.5 times of the vehicle speed and thus could reach hundreds of meters scale. It would result in that the experienced interference is different between the transmitting UE and the receiving UE. If sidelink resource allocation is only based on the sensing results of the transmitting UE, the selected resource may not be suitable for receiving UE(s) and would lead to interference increasing and demodulation failure. Therefore, we suppose that “sub-mode b) UE assists sidelink resource selection for other UE(s)” be supported for NR V2X. Similar to the “UE-assisted and eNB decided” handover mechanism, mode 2 resource allocation would evolve into a working mode of “UE assisted and UE decided”. Furthermore, some additional measurement configurations e.g. measurement object (i.e. subchannel (group), candidate single subframe resource…), measurement report (periodical or event triggered) and the contents of measurements report should be defined for V2X UEs. Besides that, the resource pool as well as the resource allocation mechanism for measurement report shall also be studied.
The scope for NR V2X includes the study of support of sidelink unicast/groupcast/broadcast communication. LTE mode 4 resource allocation is designed based on broadcast communication with “Sensing and SPS” mechanism applied. However, if specific physical channels are designed for physical layer unicast communication, UE would not be able to decode the scheduling assignments which are not sent to itself, which significantly influence the sensing mechanism. Besides, the unicast communication will also have impact on the resource pool configuration. Shared resource pool needs to solve the above problem but would achieve higher resource utilization efficiency, in contrast, separate resource pool could simplify the system design by sacrificing the throughput performance. Therefore, whether separate or shared resource pool shall be used between unicast/groupcast/broadcast communication needs further discussion. 
Proposal 3: The design for mode 2 sidelink resource allocation should take the traffic mode, various interference and unicast communication into account.
Proposal 4: Sub-mode b) UE assists sidelink resource selection for other UE(s) should be supported. Additionally, measurement configurations and resource allocation for measurement report need to be studied.
3 Conclusion
In this contribution, we discussed the sidelink resource allocation mechanism, the following proposals are made:
Proposal 1: A comprehensive solution combining mode 1 and mode 2 resource allocation should be studied.
Proposal 2: Enhanced UE sidelink measurements and reporting for sidelink resource allocation mode 1 need to be studied to assist gNB scheduling.
Proposal 3: The design for mode 2 sidelink resource allocation should take the traffic mode, various interference and unicast communication into account.
Proposal 4: Sub-mode b) UE assists sidelink resource selection for other UE(s) should be supported. Additionally, measurement configurations and resource allocation for measurement report need to be studied.
References
[1] RP-181480, New SID: Study on NR V2X. RAN #80, June, 2018. 
[2] Chairman’s notes RAN1 #94, August, 2018.
[3] https://www.ngmn.org/fileadmin/ngmn/content/downloads/Technical/2018/V2X_white_paper_v1_0.pdf
