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1 Introduction
In RAN#80 meeting, a new study item on NR V2x was approved [1], including the objective to study the sidelink resource allocation mechanisms. In RAN1#94 meeting [2], the following agreements are made:

Agreements:

· At least two sidelink resource allocation modes are defined for NR-V2X sidelink communication

· Mode 1: Base station schedules sidelink resource(s) to be used by UE for sidelink transmission(s)

· 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) 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
In this contribution, the further details of V2x sidelink resource allocation are discussed..
2 Discussion
2.1 Sidelink resource pool & BWP
In NR Uu design, each UE can support multiple DL/UL bandwidth parts (BWP), and each UE can dynamically switch among different BWPs. The major motivation for introduce multiple BWPs in NR is to reduce the UE energy consumption, and to support various UE capabilities. However, for NR V2x, vehicle UE’s energy consumption may not be an essential issue. The necessity to support BWP operations for NR V2x sidelink needs further clarifications.
In LTE V2x, resource pools are defined in both time and frequency domain to separate the radio resource used for sidelink communications and other purpose, e.g. WAN communications. Further, different resource pools can be defined for different V2x sidelink operations, e.g. resource pools for data and control, resource pools for different sidelink resource selection modes, and resource pools for QoS management purpose. The definition of resource pools provides much benefit and flexibility for sidelink operations.
Therefore, in NR V2x, the general concept of resource pools should be reused from LTE V2x. The V2x UE can only do corresponding sidelink operations in the (pre-)configured resource pools. However, the detailed configuration of resource pool e.g. sub-channels, time domain bitmaps, frequency domain resource, periodicity, etc. can be further discussed to align with the new design of NR V2x.
Proposal 1: For NR V2x study, reuse the concept of LTE V2x resource pools.
2.2 Mode 2 resource allocation
For Mode 2 resource allocation, the V2x UE which makes the scheduling decision can only learn the time-frequency resource usage or interference of other UEs from its own sensing or information exchange among nearby UEs. Multiple UEs in a local area need to share the time-frequency resources, and thus one of the major issue is to mitigate the inter-UE interference with restricted local knowledge. 
2.2.1 The UE makes the scheduling decision

For a given data transmission, the scheduling UE can be the transmitting UE, the receiving UE, or another UE other than the transmitting or receiving UE.
Scheduling UE is the transmitting UE:
The benefit of transmitting UE scheduling is that the data transmission grant can be generated by the transmitting UE itself. There is no additional signaling cost and latency introduced to inform the scheduling decision from the scheduling UE to the transmitting UE. However, the interference status sensed at the transmitting UE may not accurately reflect the actual interference status at the receiving side. Issues such as hidden terminal problem exists. The receiving UE may need to assist the transmitting UE by feeding back the interference information at the receiver side.
Scheduling UE is the receiving UE
The scheduling decision would be more accurate and the hidden terminal problem can be solved if the interference and resource occupation measured at the receiver side can be considered. Receiving UE scheduling can directly utilize the sensing and measurement results at the receiver side. However, additional signaling cost on scheduling request and grant notification between transmitting and receiving UE would be necessary. Furthermore, for groupcast and broadcast, the signaling cost and complexity to coordinate among multiple receivers would be rather high. 

Scheduling UE is another UE other than the transmitting or receiving UE
If only a subset of V2x UEs are allowed to do scheduling for data transmission, the scheduling decision would be made by another UE other than the transmitting or receiving UE if both the transmitting and the receiving UEs are not within the subset. The transmitting UE needs to request the scheduling from the scheduling UE, and the scheduling UE needs to inform the scheduling decision at least to the transmitting UE. As the scheduling UE may not have full knowledge of the channel and interference status of the transmission, measurement report from the transmitting UE and/or receiving UE may also be needed to help the scheduling decision.

Although signaling cost can be an issue, if the scheduling UE is properly selected, all the scheduling decisions for data communications in a local area can be made by the same UE. Centralized scheduling algorithm can be performed within this local area to achieve better performance compared with the distributed scheduling. However, it also needs to be further investigated on how to select the suitable scheduling UEs, and on how to control the interference among UEs scheduled by different scheduling UEs. 
Based on the above discussion, we made the following observation:
Observation 1: Information from receiving UE is beneficial to improve the scheduling accuracy and solve the hidden terminal problem.
Observation 2: For scheduling made by UEs other than the transmitting or receiving UE, the following issues should be further studied:
· Signaling cost
· How to select the scheduling UE
· Interference among UEs scheduled by different scheduling UEs
2.2.2 Collision avoidance for non-periodical data traffic
NR V2x needs to support various of V2x services, including both services with periodic or non-periodic traffic. The collision avoidance mechanisms in LTE V2x assumes periodic resource reservation, and thus cannot be effective for non-periodic traffic.
For non-periodic traffic, listen before talk and backoff mechanism can be considered to mitigate the collision probability. UE with non-periodic traffic needs to declare the resource occupation before the actual transmission happens, and backoff if it detects other UEs’ declaration first. 
3 Conclusion
In this contribution, the issues on V2x sidelink resource allocation are discussed. Based on the discussion, we made the following proposals and observations:

Proposal 1: For NR V2x study, reuse the concept of LTE V2x resource pools.
Observation 1: Information from receiving UE is beneficial to improve the scheduling accuracy and solve the hidden terminal problem.

Observation 2: For scheduling made by UEs other than the transmitting or receiving UE, the following issues should be further studied:

· Signaling cost
· How to select the scheduling UE
· Interference among UEs scheduled by different scheduling UEs
Reference

[1] RP-181429, New SID: Study on NR V2X, RAN#80, Jun. 2018
[2] RAN1 Chairman’s Notes, RAN1#94, Aug. 2018
