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1 Introduction
At the last plenary, a new SI for NR V2X was agreed [1].  The SI description includes, as one objective, the design of resource allocation for sidelink which meets the requirements for new NR use cases studied in [2].

Due to the tight schedule for NR-V2X, we believe that a preferred design strategy would be best to first identify certain principles related to resource allocation from LTE V2X that are still applicable to NR, and adapt these principles to the NR RAT.  In addition, changes or enhancements to these principles may then be discussed to address the new requirements for NR.

This contribution takes this approach by first identifying the principles to be maintained and the new requirements and areas where resource allocation would need to be further studied for NR. 

2 Requirements for Resource Allocation in NR V2X
2.1 Resource Allocation Baseline for NR V2X

LTE V2X resource allocation design was based on several principles which are still applicable in NR V2X.  Specifically, LTE V2X supported mode 3 and mode 4 to allow network flexibility in determining whether to control the resource allocation or leave it up to UE decision.  Mode 4 operation was also required for out of coverage.  In both operating modes, sidelink transmissions are performed in resources configured by the network (for in coverage) or preconfigured (for out of coverage) based on resource pools.  Use of resource pools allow the network to control the total amount of resources that can be used by V2X UEs in an area.  In addition, since V2X traffic is mostly periodic, LTE V2X includes resource allocation features tailored to such traffic: i.e. NW configured SPS on SL and UE assistance information (for mode 3) and forward reservation of resources using SCI (for mode 4).  Finally, in LTE, a UE selects resources based on the presence of SCI transmissions reserving resources for future usage, and the relative priorities of other UEs transmissions with a UE’s own transmissions. Announcing the resources reserved and the associated priority of such resources facilitates sharing of the resources in the mode-4 scenario without a significant amount of coordination between UEs.

NR V2X addresses a new set of use cases with additional requirements.  However, these basic principles of V2X should still be valid for these new use cases.

Proposal 1:
As in LTE, NR V2X follows the the following design principles for resource allocation:

· Flexible configuration of operating mode and resources for V2X
· Efficient resource allocation to address periodic traffic scenarios 

· Sharing of resources by UEs based on prioritization
Rel15 work introduced enhancements to LTE V2X such as pool sharing and multicarrier operation to allow more efficient use of resources and to increase the bandwidth available for a V2X UE.  For pool sharing, RAN1 included enhancements in SCI to allow mode 4 devices to be aware of mode 3 transmissions, and RAN2 is currently discussing reporting of mode 4 usage to the network for scheduling mode 3.  Multicarrier operation allows a UE to select from 8 different carriers to communicate with a given destination, and was also used to increase reliability through duplication.  Requirements related to enhanced reliability and larger data in NR will require support of these features.  

How such features are supported in NR, however, may depend on the NR sidelink design and further additional requirements of NR use cases.  In addition, supporting these two features initially within the resource allocation framework would be preferable as it avoids the need to adapt these features to an existing resource allocation design and account for backward compatibility issue, which needed to be done when they were introduced in LTE V2X.  
Furthermore, given the experience gained from designing such features in Rel15, there may be room to develop a specific enhancements in a more efficient manner.  For instance, pool sharing in Rel15 utilized the reporting of sensing information to the network.  However, since only periodic RRC-based reports were specified, the usage of the sensing information by the network was limited.
Observation 1:
Multicarrier operation and pool sharing principles from LTE Rel15 V2X can be leveraged for NR given the expected larger data rate and larger number of UEs to be supported.

Observation 2:
Simplifications in the design of some Rel15 features can be revisited in light of limitations observed in Rel15.

To avoid re-discussion of these aspects in the context of NR, and given the short time frame for the work item, we think it would be preferable to agree on this basic set of principles from LTE as the baseline for NR.

Proposal 2:
The following aspects of LTE V2X Resources allocation are used as a baseline for NR V2X.  Details are FFS.
· Transmission/Reception based on (pre)configured resource pools

· Support for NW scheduled (mode 3-like) and UE autonomous (mode 4-like) resource allocation 

· Sensing-based resource selection and reservation (i.e. based on Information in PSCCH)
· Support for SL SPS with UE assistance information
· NW scheduled and UE autonomous operation in the same pool

· Multicarrier operation

Support for Shorter Latency Requirement

NR V2X latency requirements are more stringent than LTE V2X.  Specifically, NR will need to support a minimum latency of 3ms for some use cases, while other use cases will still maintain the 100ms latency budget that was also required of LTE.  NR V2X can leverage symbol-based transmissions supported by the NR RAT to achieve these lower latencies.  This may be done, for example, by allowing symbol-based transmissions on PSCCH/PSSCH.  On the other hand, use of symbol based transmissions for UEs with latency budget of 100ms would not be necessary and would instead lead to resource inefficiencies.  Transmissions based on both non-slot based and slot-based granularities should therefore be supported, and the appropriate resource granularity should be selected based on the delay requirements of the specific transmission.  Sensing for the purposes of resource selection would also need to account for transmissions by other UEs which could be either symbol-based or slot-based.  

Proposal 3:
Resource allocation (NW scheduled or UE autonomous) allows flexible SL time resource allocation with different granularity (e.g. slot-based or symbol-based) depending on latency requirements.

In LTE V2X, resource selection is performed on the set of resources in the time interval [T1, T2], where T2 is dictated by the delay budget of the transmission.  A similar concept can be used in NR to satisfy latency requirements while considering the possibility of selecting symbol-based or slot-based resources.  Resource selection would then need to be designed to ensure fairness in the selection of resources and ensure low-latency UEs have enough symbol-based resources to select from.

A similar problem was discussed as part of T2 reduction work in LTE V2X Rel15.  Specifically, UEs with lower latency requirements would have a smaller selection time interval, leading to fewer available resources and increased collision probability.  While no solution was agreed in Rel15 due to lack of time, having a resource selection scheme which avoids such an issue in NR would be necessary given the smaller minimum latencies compared to LTE V2X.  
Two possible options to address this issue would be:

1) Separate resource pools for the UEs having different PDB (as was done for LTE D2D). 
2) Allowing resource selection for low latency UEs to take place over a larger BW within the a common pool
Other solutions can also be studied in coordination with RAN1.

Proposal 4:
RAN2 to study mechanisms to ensure coexistence amoung UEs selecting resources with different timing requirements. 

Better Support for Asynchronous Data Transmissions
In LTE V2X, asynchronous (one-shot) transmissions were not given the same protection against interference in the case of mode 4 compared with periodic transmissions performed by forward booking.  Specifically, resource selection for a one-shot transmission could select an available resource in the resource selection window based on sensing results, however, another UE could also select the same resource due to the lack of a forward reservation mechanism.
While the problem may have been acceptable in LTE V2X, NR V2X use cases will rely more heavily on asynchronous data transmissions.  In addition, such transmissions will require a higher reliability than LTE V2X, which may make the LTE V2X resource selection mechanism for one-shot transmissions unfeasible.

One way to solve this issue is to include an LBT step into the sensing-based resource selection procedure.  A UE may still select the available resources based on sensing, as in LTE V2X.  However, prior to transmission on a selected resource, a UE may perform LBT to ensure that the resource is not occupied by another transmission.  

While LBT can address the one-shot transmission, we think that sensing of forward booked resources (used for periodic data transmission) is still beneficial and should be considered for NR.  The UE can remove the reserved resources from the available resource thereby reducing probability of collision for those resources.  Therefore, we think that the combination of LBT and sensing can be used to optimize resource selection.   

The details of LBT and sensing should be first progressed in RAN1.  After some progress from RAN1, RAN2 can  further study whether LBT can be used only in specific pools/resources, retransmission rules under LBT, and whether to use it also for forward-booking resource transmission, and if so, how to handle rules for keeping the resources. 

Proposal 5:
From RAN2 point of view both LBT and sensing should be considered to to support periodic and asynchronous transmissions in the same resource pool.
Support for Larger Variations in Transmission Sizes

In LTE, message payload sizes varied between 50-300 bytes (for periodic traffic) and up to 1200 bytes (for event triggered traffic) [4].  For NR, packet sizes and packet size variations in periodic traffic are larger.  Specifically, NR V2X channel model assumes 30000-60000 bytes (for periodic traffic) and up to 10000-30000 bytes (for event-triggered traffic).  To address such high-capacity SL transmission requirements, NR V2X SL transmissions can, for example, utilize the large bandwidth available at higher frequencies by introducing SL BWP operations based on NR Uu BWP management.  

Fixed size resource reservation used in LTE for periodic traffic is not efficient with large payload size variations. In addition, one-shot transmissions for the large packet sizes used in event-triggered NR use cases may increase the probability of collisions when multiple UEs are performing resource selection within the same resource selection window.  
Proposal 6:
RAN2 to study resource allocation techniques for periodic traffic that can adapt to large variations in packet sizes
3 Conclusion

In this contribution the following observations were made on resource allocation to support V2X requirements:

Observation 1:
Multicarrier operation and pool sharing principles from LTE Rel15 V2X can be leveraged for NR given the expected larger data rate and larger number of UEs to be supported.

Observation 2:
Simplifications in the design of some Rel15 features can be revisited in light of limitations observed in Rel15.

Based on these observations, the following conclusions were made:

Proposal 1:
As in LTE, NR V2X follows the the following design principles for resource allocation:

· Flexible configuration of operating mode and resources for V2X
· Efficient resource allocation to address periodic traffic scenarios 

· Sharing of resources by UEs based on prioritization
Proposal 2:
The following aspects of LTE V2X Resources allocation are used as a baseline for NR V2X.  Details are FFS.
· Transmission/Reception based on (pre)configured resource pools

· Support for NW scheduled (mode 3-like) and UE autonomous (mode 4-like) resource allocation 

· Sensing-based resource selection and reservation (i.e. based on Information in PSCCH)
· Support for SL SPS with UE assistance information
· NW scheduled and UE autonomous operation in the same pool

· Multicarrier operation

Proposal 3:
Resource allocation (NW scheduled or UE autonomous) allows flexible SL time resource allocation with different granularity (e.g. slot-based or symbol-based) depending on latency requirements.

Proposal 4:
RAN2 to study mechanisms to ensure coexistence amoung UEs selecting resources with different timing requirements. 

Proposal 5:
From RAN2 point of view both LBT and sensing should be considered to to support periodic and asynchronous transmissions in the same resource pool.
Proposal 6:
RAN2 to study resource allocation techniques for periodic traffic that can adapt to large variations in packet sizes
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