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In RAN1 #94 meeting, the following agreements related to resource allocation were made [1]: 
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

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 would like to discuss NR V2X sidelink resource allocation mechanisms.
Discussion
LTE V2X and eV2X, which have been specified in Releases 14 and 15, can support basic V2X service. However, NR V2X supports advanced V2X services. The advanced V2X services are categorized into four use case groups: platooning, advanced driving, extended sensors, and remote driving. For the requirements, the major differences between LTE V2X and NR V2X are reliability, latency, data rate, throughput, and connection density. From [2], the latency requirement is 3 ms, the reliability requirement is 99.999% and throughput can be up to 1Gbps for NR V2X. However, the latency and reliability requirements are 20 ms and 99% for LTE V2X [3].
Observation 1: In NR V2X design, the latency, reliability, data rate, throughput, and connection density requirements are the major concerns.
In the following subsections, we would like to consider sidelink resource allocation mechanisms.
Resource Allocation Modes
It was agreed that at least two resource allocation modes, Mode 1 and Mode 2, to be considered in NR V2X. In Mode 1, base station schedules sidelink resource to be used by UE for sidelink transmission, which can be regarded as centralized scheduling method. In Mode 2, UE determines sidelink transmission resource within sidelink resource configured by base station or pre-configured sidelink resources. There are four possible alternatives in Mode 2: (a) UE autonomously selects sidelink resource for transmission, (b) UE assists sidelink resource selection for other UEs, (c) UE is configured with NR configured grant for sidelink transmission, and (d) UE schedules sidelink transmissions of other UEs. 
Alternative (a) can be regarded as distributed scheduling method. Distributed scheduling method can operate well in low/medium traffic load conditions. However, the performance of distributed scheduling method deteriorates when the traffic load is high. It is necessary to introduce some centralized scheduling method or congestion control method to alleviate the performance degradation in congested traffic conditions.   
Proposal 1: Some centralized scheduling or congestion control methods can be introduced in high traffic load conditions.
Platooning is one important use case in NR V2X. Several UEs can be grouped into one cluster and the cluster head (platoon lead) can use unicast or multicast transmission to communication with cluster members. Alternatives (b) and (c) can be used in such cases. Cluster head can request or reserve a lot of resource blocks from gNB and then schedule to UEs based on the scheduling request from UEs. When compared with Mode 1, cluster head can sense the resource utilization condition of local area and have better resource utilization knowledge than base station.  Of course, cluster head or base station can also collect the sensing results from UEs to assist resource allocation. The resource allocation behavior of cluster head would be very similar to that of base station but simpler [4].
Cluster needs not to be formed under platooning use cases. If the traffic load under local area is high, centralized scheduling method is needed to avoid high collision probability and then cluster can be formed by following some rules. Cluster centralized resource allocation can be coexisted with UE autonomous resource selection and the switching metric can be channel occupancy ratio or some factors can reflect the traffic load.
Proposal 2: NR V2X can support several UEs to be formed into a cluster. The mechanism of cluster management can be further studied. 
Alternative (c) can be used for periodic traffics. NR configured grant mechanism can be the starting point and more evaluations can be further studied to check whether any enhancements are needed.
Proposal 3: NR configured grant mechanism can be the starting point and more evaluations can be further studied to check whether any enhancements are needed.
Resource Allocation Techniques
At least three resource allocation techniques, (i) dynamic resource allocation, (ii) activation/deactivation based, (iii) RRC (pre-)configured, are to be considered in NR V2X. 
Technique (i) dynamic resource allocation has the most scheduling flexibility but highest signalling overhead. In Mode 1, base station can schedule sidelink resource allocation and link adaptation (LA) parameters to UEs by DCI signalling. Network can fully control the transmission/reception between two or more UEs. Certainly, network can also partially control the transmission/reception between two or more UEs by only signalling resource allocation. The other LA parameters, like MCS or repetition numbers, can be signalled by SCI from transmitting UE. In Mode 2, technique (i) can also be applied to a cluster. The cluster head can behave as a base station to schedule the resource allocation or LA parameters according to the scheduling request from other UEs. However, technique (i) is not suitable for alternative (a). Semi-static resource allocation would be more suitable for autonomous resource selection, since sensing the occupied resource needs time.
Technique (ii) activation/deactivation based resource allocation has less scheduling flexibility but lower signalling overhead than technique (i). The activation/deactivation by DCI/SCI has more flexibility than the activation/deactivation by RRC. Technique (ii) is very similar to NR configured grant transmission type-1 and type-2. Therefore, NR configured grant transmission type-1 and type-2 can be the baseline and check whether any enhancements are needed in NR V2X. 
Technique (ii) can be used in both Mode 1 and Mode 2. Base station or cluster head can use activation/deactivation command to select different resource blocks or resource pools for sidelink communications. For alternative (a), UE can further sense the activated resource pools and select the vacant resource for transmission.
Technique (iii) RRC (pre-)configured resource allocation has least scheduling flexibility but lowest signalling overhead. It is suitable for Mode 1 and Mode 2 as well as especially more suitable for alternative (a).  
Based on the above analyses, we have the following proposals.
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Proposal 5: In activation/deactivation based resource allocation, the command of activation/deactivation can be carried by DCI, SCI, or RRC. 
Proposal 6: In activation/deactivation based resource allocation, the command of activation/deactivation can activate/ deactivate exact resource blocks or different resource pools configurations.
Conclusion
The following summarizes the observations and proposals in this contribution.
Observation 1: In NR V2X design, the latency, reliability, data rate, throughput, and connection density requirements are the major concerns.
Proposal 1: Some centralized scheduling or congestion control methods can be introduced in high traffic load conditions.
Proposal 2: NR V2X can support several UEs to be formed into a cluster. The mechanism of cluster management can be further studied.
Proposal 3: NR configured grant mechanism can be the starting point and more evaluations can be further studied to check whether any enhancements are needed.
Proposal 4: Three resource allocation techniques, dynamic, activation/deactivation based, and RRC (pre-)configured, can be supported in Mode 1 and Mode2.
Proposal 5: In activation/deactivation based resource allocation, the command of activation/deactivation can be carried by DCI, SCI, or RRC. 
Proposal 6: In activation/deactivation based resource allocation, the command of activation/deactivation can activate/ deactivate exact resource blocks or different resource pools configurations.
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