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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.

Observation 1:
NR V2X maintains LTE V2X requirements for 
· flexible configuration of operating mode and resources for V2X
· efficient resource allocation to address periodic traffic scenarios

· sharing of 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, which needed to be done when they were introduced in LTE V2X.   
Observation 2:
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.

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 1:
NR V2X uses the following aspects of LTE V2X Resources allocation as a baseline:

· Transmission/Reception based on (pre)configured resource pools

· Support for mode 3-like and mode 4-like resource allocation 

· Sensing-based resource selection and reservation based on Information in PSCCH
· Support for SL SPS

· Mode 3-like and mode 4-like operation in the same pool

· Multicarrier operation

2.2 New Requirements for NR V2X

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 and fragmentation of resources.  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 2:
Resource allocation (mode 3 or mode 4) 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.
Proposal 3:
Mode 4-like resource selection allows coexistence/fairness between UEs selecting resources with different granularities and/or timing requirements 
Support for Varying Communication Ranges and Increased Reliability
As discussed in our companion contribution [4], NR V2X will need to support varying communication ranges and increased number of levels of reliability.  The different range and reliability requirements associated with a transmission are reflected in the VQI assigned to that data.  Variable range and reliability requirements can be achieved by modifying transmission parameters such as MCS, number of retransmissions, etc.  NR resource selection/allocation will need to consider the selected transmission parameters used for given parameter, in combination with other aspects such as priority and channel congestion.    
Proposal 4:
Resource allocation mechanisms takes different transmission range and reliability requirements into account.
Support for Larger and More Variations in Transmission Sizes
· Packet size range between 10000 and 30000 bytes, 

· An average inter-arrival rate of 20ms 

· Latency requirement of 10ms. 

In addition, mode 3 periodic traffic has the following properties

· Packet size range between 30000 and 60000 bytes, 

In LTE, message payload sizes varied between 50-300 bytes (for periodic traffic) and up to 1200 bytes (for event triggered traffic) [3].  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 because a UE would need to reserve resources based on the largest packet size.  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.  Finally, transmission of larger payloads may result in limited reception capability due to half-duplex assumption in V2X. While not considered a problem in LTE, packet sizes up to 10x larger in NR may require that resource allocation is designed so that half-duplex does not become a problem in NR. 
Proposal 5:
Resource allocation mechanisms takes larger transmission/payload sizes and larger variations in these sizes into account.
Support for Operation in High Frequency

NR V2X will need to support operation in high frequency and beam-based transmission.  Broadcast transmission will need to be performed by transmission over all beams.  However, for unicast and groupcast/multicast communication which needs to be supported for NR, it would be more efficient to transmit only on a subset of beams.  To facilitate such flexible beam-based resource allocation, NR V2X SL operation can introduce beam management functionalities, for example, SL beam measurement and reporting mechanisms, which can operate at L1/L2 to reduce the processing delay.  These mechanisms can be used to select the best beam(s) for UEs to communicate with each other. Resource allocation and reservation may therefore need to consider the presence of directional resources in addition to time/frequency resources and a sensing mechanism which would allow for re-use of beams in such a scenario would be needed.  
Proposal 6:
Resource allocation/reservation mechanisms supports beamformed transmission.
3 Conclusion

In this contribution, the following observations were made on resource allocation mechanisms for NR V2X:

Observation 1:
NR V2X maintains LTE V2X requirements for 

· flexible configuration of operating mode and resources for V2X

· efficient resource allocation to address periodic traffic scenarios

· sharing of UEs based on prioritization 

Observation 2:
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.

Based on these observations, the following conclusions were made on resource allocation mechanisms for NR V2X:
Proposal 1:
NR V2X uses the following aspects of LTE V2X resources allocation as a baseline:

· Transmission/Reception based on (pre)configured resource pools

· Support for mode 3-like and mode 4-like resource allocation 

· Sensing-based resource selection and reservation based on information in PSCCH

· Support for SL SPS

· Mode 3-like and mode 4-like operation in the same pool

· Multicarrier operation

Proposal 2:
Resource allocation (mode 3 or mode 4) allows flexible SL time resource allocation with different granularity (e.g. slot-based or symbol-based) depending on latency requirements.

Proposal 3:
Mode 4-like resource selection allows coexistence/fairness between UEs selecting resources with different granularities and/or timing requirements 

Proposal 4:
Resource allocation mechanisms takes different transmission range and reliability requirements into account.
Proposal 5:
Resource allocation mechanisms takes larger transmission/payload sizes and larger variations in these sizes into account.
Proposal 6:
Resource allocation/reservation mechanisms supports beamformed transmission.
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