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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 Ad hoc 1901 meeting, the following agreements are made [2]:

Agreements:

· Mode-2 supports the sensing and resource (re)-selection procedures according to the previously agreed definitions. 

· FFS resource granularity for sensing & resource (re)-selection, e.g., PRB(s), slots, resource patterns (when applicable), etc.

· FFS detailed conditions when these procedures can apply
Agreements:

· For the purpose of performance evaluation for Mode-2(c), the following Mode-2(c) transmission pattern selection is used when a UE is configured with a pool of patterns:

· Sensing based pattern selection (e.g. UE selects unused pattern based on sensing results) 

· Additional information to assist pattern selection is not precluded, e.g., by using UE geographical location information 
Agreements:

· Sub-channel based resource allocation is supported for PSSCH

· FFS details for sub-channels

· FFS other use cases for sub-channel (e.g., measurement, interaction with PSCCH, etc.)
Agreements:

· SCI decoding applied during sensing procedure provides at least information on sidelink resources indicated by the UE transmitting the SCI 
Agreements:

· At least for the purpose of evaluation, in Mode-2(d), at least for group operation, a member UE transmits on resources configured by another UE (S-UE) within the same group

· High layer signaling is assumed between S-UE and a member UE

In this contribution, the further details of V2x sidelink resource allocation are discussed. The contribution is updated from R1-1901090 [3].
2 Discussion
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. 
2.1 Mode 2a) resource allocation

For Mode 2a) resource allocation, the transmitting UE autonomously selects resource for the transmission, and thus the transmitting UE is the scheduling UE. Similar as in LTE V2x, the data scheduling information can be conveyed by the associated SCI. The receiving UE will first blindly detect the SCI to acquire the necessary information for receiving PSSCH, and then receive the associated data transmission. 
For Mode 2a, sensing at the transmitting UE is necessary to mitigate the potential interference and collision of transmissions from nearby UEs. The similar sensing, resource selection and reservation mechanism as LTE V2x can be used at least for periodic broadcast communications. The mechanism has been proven to be efficient to mitigate inter-UE interference and collisions if V2x traffic is with relative fixed payload size and semi-periodic. For V2x UEs with aperiodic traffic, the UE can also use the similar sensing and resource selection mechanism to avoid selecting resource which have high interference with periodic traffic from other UEs.

Therefore, the major issue is how to avoid interference among UEs transmitting aperiodic traffic. If there are two nearby UEs both with a periodic data transmission, as there is no valid resource reservation, they may select the same resource with less severe interference with the periodic traffic. New collision avoidance mechanism for aperiodic traffic is needed. The mechanism should be able to resolve the potential collision in the very near future.

A short-term competition and backoff based mechanism can be considered. After resource selection, a transmitting UE needs to first compete with other UEs to see whether the same resource is selected by other UEs before actually using it.  The transmitting UE can transmit competition signal in a randomly selected resource among a set of TDMed resources, and monitors competition signals transmitted by other UEs. A UE regards that it competes successfully if it receives no other competition signals earlier than itself. The details of competition signal and resource design can be for further study.
Proposal 1: New collision avoidance mechanism is needed to mitigate interference among aperiodic traffic
· Short-term competition and backoff based mechanism can be considered
Although sensing at transmitting UE can help to select resource with less interference, strictly speaking, the interference status sensed at the transmitting UE cannot accurately reflect the actual interference status at the receiving side. Issues such as hidden terminal problem exist and have negative impact on V2x communication performance. The assistance from the receiving side on interference or collision avoidance would be important especially for unicast and groupcast. The transmitting UE can try to avoid using the resources which are identified as high interference from the receiver side. 
Proposal 2: For Mode 2a, the assistance from receiving side on collision and high interference avoidance should be supported, at least for unicast/groupcast.
2.2 Mode 2b) resource allocation
As discussed in section 2.1, at least the receiving UE assistance is important for Mode 2a) resource allocation. The indication on the high interference resource would be helpful.
2.3 Mode 2c) resource allocation

NR configured grant (Type 1) like resource allocation is proposed for sidelink resource allocation. Repetition patterns are defined such that two UEs with different patterns will not transmit simultaneously in all repetitions to resolve the half-duplex problem. However, in V2x services, vehicles can move very fast and the interference environment can change rapidly. Although sensing and resource selection mechanism in Mode 2a) can be reused to select the repetition patter, additional mechanism should be designed to adapt the static repetition pattern to the dynamic packet size, UE density and interference status. The standardization complexity would be increased and the performance benefit of introducing Mode 2c) needs to be further clarified.

2.4 Mode 2d) resource allocation

For mode 2d) resource allocation, 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 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.  
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: New collision avoidance mechanism is needed to mitigate interference among aperiodic traffic

· Short-term competition and backoff based mechanism can be considered
Proposal 2: For Mode 2a, the assistance from receiving side on collision avoidance and high interference indication should be supported, at least for unicast/groupcast.
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