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1. Introduction
In RAN#80 meeting, a new SID for NR-V2X was approved and the following is one of the study objectives [1]:

1: Sidelink design [RAN1, RAN2]:
· Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 

· Study the support of sidelink unicast, sidelink groupcast and sidelink broadcast
· Study NR sidelink physical layer structures and procedure(s)

· Study sidelink synchronization mechanism

· Study sidelink resource allocation mechanism (also including objective 3)
· Study sidelink L2/L3 protocols

NOTE: Only the performance of advanced V2X use cases will be evaluated in the design of NR sidelink.

In this contribution, we discuss some of issues and techniques which needs to be studied to support sidelink resource allocation.
2. Discussion
2.1 Scheduled resource allocation mode (mode 3-like)
In LTE-V2X, the scheduled resource allocation mode was called mode 3. For NR-V2X, let’s call it “mode 5” and for simplicity, at least in this paper. According to [2], the operation of mode 3 is mainly characterized by:
· The UE needs to be RRC_CONNECTED in order to transmit data;

· The UE requests Tx resource from the eNB. The eNB schedules Tx resources for transmission of SL control information and data. SL SPS is supported for scheduled resource allocation;
For “mode 5” or “mode 3-like” operation in NR-V2X, in a companion paper [3], it discussed about network scheduling issues when NR Uu and NR sidelink interfaces are having different subcarrier spacings and when full flexible/UL slots are present in the NR Uu radio format. Here in this paper, we discuss different aspects relating to other NR Uu features that may also need to be considered when designing mode 5 resource allocation.

First, the feature of shared Tx resources between mode 3-like and mode 4-like pools should continue to be supported in NR-V2X. Similar to the current discussion about this feature for Rel-15 LTE-eV2X, shared Tx resources sometimes are unavoidable between in-coverage and out-of-coverage operations. At other times, this can be useful for quick transmission of message TBs before network is able to allocate resources to the UE and for minimizing resource wastage due to separate/independent configured pools. However, in LTE-V2X the time for the eNB to trigger UE reporting, providing UL grant, UE sending the report, and up to eNB providing the actual SL scheduling grant could take 10’s of ms, which may still be acceptable since most of basic road safety messages have a latency requirement of 100ms and transmitted every 100ms. For advanced V2X use cases described in [4], on the other hand, the required latency and transmission rate are much shorter (3, 5, 10, 20, 25ms, …) and higher (100, 50, 30 messages per sec), respectively. Therefore, in NR-V2X, a new process or solution should be considered to reduce the latency / time needed for the gNB to provide SL resource scheduling when mode 3-like and mode 4-like resource pools are overlapped.
Proposal 1: Shared mode 3-like and mode 4-like resource pools in NR-V2X should continue to be supported in NR-V2X and a new process or solution should be considered to reduce the latency / time needed for the gNB to provide SL resource scheduling.

Second, SL SPS and single resource allocations are supported in LTE-V2X mode 3, we see it is quite beneficial to continue supporting these two resource allocation types since it has already been agreed to model and evaluate performance of both periodic and aperiodic traffics in V2X use case evaluation methodology TR [5]. But some additional enhancements should be considered to handle low latency aperiodic transmissions.
Proposal 2: Mode 3 SL SPS and single resource allocations should continue to be supported in NR-V2X, and enhancements should be considered to handle low latency aperiodic transmissions.

Third, the new concept of BWP was introduced in NR Rel-15 to cater for different SCS within a carrier/cell and also scheduling granularity is reduced from subframe-based in LTE to OFDM symbol-based in NR. Both of which would allow more flexible and quicker SL operation and scheduling in NR-V2X. For example, different BWP/SCS can be better suited for transmitting messages with different latency requirements. And depending on individual UE processing capability, OFDM symbol-based granularity will allow this flexibility to be incorporated in the SL scheduling.
Proposal 3: Multiple BWPs per carrier and OFDM symbol-based scheduling granularity should be supported to allow more flexible and quicker SL scheduling in NR-V2X. FFS: how to provide these indications in mode-3 like SL scheduling.
2.2 UE autonomous resource selection mode (mode 4-like)
In LTE-V2X, the UE autonomous resource selection mode was called mode 4. For NR-V2X, let’s call it “mode 6” for simplicity, at least in this paper. According to [2], the operation of mode 4 is mainly characterized by (copied below for convenience):

· The UE on its own selects resources from resource pools and performs transport format selection to transmit SL control information and data;

· If mapping between the zones and V2X SL transmission resource pools is configured, the UE selects V2X sidelink resource pool based on the zone UE is located in.
· The UE performs sensing for (re)selection of SL resources. Based on sensing results, the UE (re)selects some specific SL resources and reserves multiple sidelink resources. Up to 2 parallel independent resource reservation processes are allowed to be performed by the UE. The UE is also allowed to perform a single resource selection for its V2X sidelink transmission.

For “mode 6” or “mode 4-like” operation in NR-V2X, the above same characteristics and basic working principle of sensing + SPS or single resource selection in LTE-V2X should be followed. Except maybe for the zoning which tend to cause imbalanced resource utilization among different resources pools and this warrants some discussions during the study to find enhancements or alternatives. Also, the number of parallel independent resource reservation processes may need to be increased as future NR-V2X UEs are likely to engage in more advanced V2X use cases and different type of services.
Proposal 4: The same LTE-V2X mode 4 operation characteristics and basic working principles of sensing + SPS or single resource selection should be adopted for mode 4-like/mode 6 operation in NR-V2X. Except for the mapping of Tx resource pools and geographical zones, for which some enhancement or alternatives should be studied to avoid imbalance utilization of resource pools.
For periodic traffic, the existing LTE-V2X mode 4 operation (sensing + SPS) can be largely followed for NR-V2X mode 5 / mode 4-like. However, some differences exist due to different set of V2X use cases and requirements need to be supported this time. According to the normative requirements specified in [6], the minimum set of reservation periods that should be supported in NR-V2X are {10ms, 20ms, 33ms, 100ms, 500ms}. These, however, do not have to correspond to a set of packet latency requirement, which are normally needed for setting the T2 value {3ms, 5ms, 10ms, 20ms, 25ms, 50ms, 100ms, 500ms}. For future prove or for compatibility to LTE-V2X, some additional reservation periods can be considered. Based on this, the longest/max reservation interval is 500ms in NR-V2X, then the sensing period/window should also be at least 500ms.
Proposal 5: The minimum set of reservation periods that should be at least supported in NR-V2X are {10ms, 20ms, 33ms, 100ms, 500ms}. FFS: if additional reservation periods are needed for the purposes of future provision and/or compatibility to LTE-V2X.
For aperiodic traffic, the existing SPS reservation mechanism may not work as the reserved resources cannot always matching to packet arrival timing. Some enhancements or other mechanisms should be considered. Generally, there are three types of resource allocation:
1. Randomisation type: SL resources are selected randomly among 100% of total resources within a selection window [n+T1, n+T2] with no prior sensing or limited/partial sensing. In this scheme, there is very limited or no mechanism in place to try to avoid Tx collision with other UEs. It is purely based on chance. Obviously, the chance of a collision is low when the traffic is light and the chance of a collision is high when the traffic is heavy. This scheme provides no protection to high priority messages or assuring PRR performance requirement can be met. On the other hand, UE does not need to perform sensing, PSSCH-RSRP measurement and the resource exclusion procedure. A typical example of this the existing resource selection scheme for P-UEs.
2. Sensing type: This scheme is based on a principle that SL resources are selected based on the outcome of sensing results. In principle, if a resource has been reserved by another UE, the resource should be excluded from selection, so not to avoid Tx collision. In the end, the UE selects one or two non-reserved resources among 20% of total resources within a selection window, also [n+T1, n+T2]. As such, this scheme provides protection to high priority messages and it can also reasonably assure PRR performance requirement can be met. If V2X traffic has a predictable pattern, the UE can periodically reserve an available resource/sub-channel to ensure its messages are delivered. If not, a one-time selection (with no reservation) for a single transmission can be performed instead. As such, this scheme could work for V2X traffic with aperiodic pattern. However, no guarantee that there will be no other UEs selecting the same resource(s) and trying to use them. This scheme is currently also supported in LTE-V2X and for use by V-UEs and RSUs.
3. Pre-emption type: This is based on a different mechanism again, where once a SL resource has been identified as a candidate within also a selection window of [n+T1, n+T2], the UE sends out a pre-emption indication telling other UEs that this candidate resource is intended to be used. If a resource has been pre-empted by another UE, this resource should be excluded from selection. For this scheme, it also provides some guarantee that the pre-empted resource is “reserved” by the UE for transmission. And thus, making this scheme also suitable for aperiodic type of traffic. However, some details should be further studied on how to resolve the half-duplex problem when more than one UEs are pre-empting the same resource in the same slot and that they can’t receive each other’s pre-emption indication. Also, if a SL resource can only be pre-empted in the same frequency resource in advanced, then there could be chances of a Tx collision also for pre-emption indications from two different UEs.
Proposal 6: For V2X traffic with aperiodic arrival time, further discussions and studies should be done on sensing + one-time/single transmission and pre-emption types of resource selection mechanisms.
3. Conclusion

In this contribution, we discuss some of issues and techniques that need to be studied in sidelink resource allocation. In summary, we have the following proposals:

Proposal 1: Shared mode 3-like and mode 4-like resource pools in NR-V2X should continue to be supported in NR-V2X and a new process or solution should be considered to reduce the latency / time needed for the gNB to provide SL resource scheduling.

Proposal 2: Mode 3 SL SPS and single resource allocations should continue to be supported in NR-V2X, and enhancements should be considered to handle low latency aperiodic transmissions.

Proposal 3: Multiple BWPs per carrier and OFDM symbol-based scheduling granularity should be supported to allow more flexible and quicker SL scheduling in NR-V2X. FFS: how to provide these indications in mode-3 like SL scheduling.
Proposal 4: The same LTE-V2X mode 4 operation characteristics and basic working principles of sensing + SPS or single resource selection should be adopted for mode 4-like/mode 6 operation in NR-V2X. Except for the mapping of Tx resource pools and geographical zones, for which some enhancement or alternatives should be studied to avoid imbalance utilization of resource pools.

Proposal 5: The minimum set of reservation periods that should be at least supported in NR-V2X are {10ms, 20ms, 33ms, 100ms, 500ms}. FFS: if additional reservation periods are needed for the purposes of future provision and/or compatibility to LTE-V2X.

Proposal 6: For V2X traffic with aperiodic arrival time, further discussions and studies should be done on sensing + one-time/single transmission and pre-emption types of resource selection mechanisms.
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