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Introduction
In RAN #80 meeting [1], the following objective for resource allocation in NR V2X study item is as follows:

	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
…

3: Uu-based sidelink resource allocation/configuration (LTE V2X Mode3-like and Mode4-like) [RAN1, RAN2]:
· Identify necessary enhancements of LTE Uu and NR Uu to control NR sidelink from the cellular network 
· Identify necessary enhancements of NR Uu to control LTE sidelink from the cellular network 


In this contribution, we will discuss the issues of resource allocation mechanism in NR V2X.
Motivations of resource allocation mechanism study in NR V2X
3GPP SA1 has identified twenty-five use cases for eV2X services and related potential requirements in [2], which are classified into four groups of use cases including vehicle platooning, advanced driving, extended sensors, and remote driving. Some extreme performance requirements are specified. For instance, the fully automatic driving use case 5.16 (Video data sharing for assisted and improved automated driving (VaD)) describes data rate of 100~700 Mbps, max latency of 10 ms and reliability of 99.99%, and the use case 5.20 (Emergency trajectory alignment) describes data rate of 30 Mbps, max latency of 3ms and reliability of  99.999%.
In order to support the advanced use cases and new requirements as the above ones, in the NR V2X study item, the new NR V2X structures and procedures would be studied and designed, which would bring the varieties of resource allocation. Besides broadcast, unicast and groupcast should be studied. Therefore, the resource allocation mechanism to be further studied. 
1.1. Support of NR V2X physical layer structures and procedures
The variable numerology and dynamic slot format are the main potential varieties of physical layer structures, which would make the variable resource structure and affect the resource allocation mechanism.
· Variable numerology
In LTE V2X, the he SCS is fixed at 15 KHz and the TTI length is fixed at 1ms. While in NR V2X, the variable numerology could be considered for support of the applications with latency lower than 1ms. It leads to define multiple frame structure for the resource allocation in the same or different V2X carriers, e.g. coexistence of 1ms TTI length resources, 0.5ms TTI length resources and 0.25ms TTI length resources. It brings the complexity of resource allocation and at least the latency requirement should be considered.
· Dynamic slot format
In TDD shared carriers, dynamic slot format can bring the flexibility for resource scheduling and the gain of latency reduction. If supported, it should be considered in resource allocation mechanism. However, because V2X sidelink communication should work in both in-coverage and out-of-coverage scenarios, dynamic slot format needs to be studied further for out-of-coverage scenario to determine and align the slot formats between in-coverage and out-of-coverage. Maybe it can work in the LTE Mode3-like resource allocation mechanism within the Mode3-like dedicated resource pool.
· Feedback mechanism
In LTE V2X, services are transmitted by broadcast communication without feedback. In order to support the extremely high reliability like 99.999%, the feedback mechanism is a potential solution. Therefore, resource allocation mechanism study should consider feedback mechanism.
Observation 1: Considering supporting NR V2X structures and procedures, the influence factors for NR V2X resource allocation are as follows:
· Variable numerology
· Dynamic slot format
· Feedback mechanism
1.2. Support of different service types
Based on eV2X services and the agreements of NR V2X evaluation methodology study item [3], the advanced V2X services can be classified to three types.
· Periodic services with fixed packet size/pattern
These services are similar with the LTE V2X services and the LTE resource allocation of both mode4-like and mode3-like mechanism can be considered as the starting point of the study.
· Periodic services with variable packet size
For these services, the period information can be used for sensing and resource reservation adopting LTE mode4-like resource allocation, but resource allocation to meet the requirements of variable packet size should be further studied. LTE mode3-like resource allocation can be considered as the starting point of the study.
· Aperiodic services with variable packet size
For these services, no resource reservation can be used so the current LTE mode4-like resource allocation mechanism cannot be reused unless some effective enhancements can be achieved. The dynamic resource scheduling of LTE mode-3 like resource allocation can be considered as the starting point of the study for these services.  
Observation 2: Two types of advanced V2X services should be considered for NR V2x resource allocation mechanism study:
· Periodic services with variable packet size
· Aperiodic services with variable packet size
1.3. Support of unicast and groupcast
In order to support some advanced V2X services like the platooning use cases which need vehicles perform cooperative operation, unicast and groupcast should be studied in NR V2X SI. To support unicast and groupcast sidelink communication, the resource allocation in different procedures such as unicast/groupcast discovery, groupcast join/leave, unicast/group connection establishment/release, and data transmission should be considered [4]. 
Observation 3: Unicast and groupcast should be considered for NR V2X resource allocation mechanism study. 
Issues of study on resource allocation mechanism in NR V2X
Based on the motivations analyzed in the above, the issues of study on resource allocation mechanism in NR V2X are as follows.
1.4. Resource/resource pool configuration and indication
Considering NR V2X physical layer structures, such as variable numerology and dynamic slot format, the resource can be configured to have variable structures, e.g. different time domain granularities, different SCSs, slot formats with different number of symbols and so on. Considering the variable resource/resource pool configurations, the indication solution for both high layer signaling and PSCCH should be further studied.
Proposal 1: Considering NR V2X physical layer structures, the resource/resource pool configuration and indication by the signaling of both high layer and physical layer should be further studied.
1.5. Distributed resource selection
In LTE V2X, sensing + SPS based resource selection of mode 4 is the distrusted resource selection. Considering supporting both out-of-coverage and in-coverage scenarios, the LTE mode-4 like distributed resource selection should also be considered as the starting point of the study and related with NR V2X sidelink design.
· Support of NR V2X physical layer structures and procedures
In LTE V2X mode4-like resource selection mechanism, the higher layers provide the candidate carrier and then UE select transmission resource in the given carrier based on sensing + SPS mechanism. To support variable numerology and QoS, an additional dimension of distributed resource selection should be further studied based on the combination QoS and numerology.
Proposal 2: For distributed resource selection in NR V2X, an additional dimension of resource selection should be further studied based on the combination QoS and numerology.
· Support of multiple carrier
In 3GPP V2X phase 2, carrier aggregation is discussed and resource enhancement for multiple carriers considering UE with limited TX capability is specified. Half-duplex issue is discussed but not specified.  However, the half duplex impact is evaluated and shown that the system performance would be degraded [5].  
In NR V2X, for intra-band scenario, in order to support the extremely high data rate requirement, more carriers would be used for the advanced V2X services. The half duplex would impact on more carriers. And considering supporting variable numerology, the half duplex impact would become far more significant, which is illustrated in Figure 1.


Figure 1: The more significant half-duplex impact in NR V2X

Proposal 3: For distributed resource selection in NR V2X, the half-duplex issue in multiple carrier operation shall be further investigated. 

· Support of different service types
As analyzed in 2.2, distributed resource selection should be studied aiming to the periodic services with variable packet size and the aperiodic services with variable packet size. 
For the periodic services with variable packet size, the LTE mode4-like resource allocation can be considered as the starting point of the study because the period information can be used for sensing and resource reservation. How to select resources for the requirement of variable packet size should be further studied.
For the aperiodic services with variable packet size, no resource reservation can be used. Currently it seems not clear that whether distributed resource selection is feasible. Considering the out-of-coverage scenarios, the study could include not only the mechanism specified in the 3GPP specification but also the other contention-based wireless access technologies such as CSMA/CA or even the related academic papers. The objective of the study of the resource selection could be the enhanced sensing mechanism and randomization of resource selection.
Proposal 4: To study distributed resource selection in NR V2X:
· For the periodic services with variable packet size, LTE mode4-like resource allocation should be the starting point of the study.
· For the aperiodic services with variable packet size, the study should include 3GPP specified mechanism, the other wireless distributed access technology and even the related academic papers.

· Support of unicast and groupcast
As analyzed in 2.3, for unicast and groupcast, there many procedures such as unicast/groupcast discovery, groupcast join/leave, unicast/group connection establishment/release, and data transmission. The resource requirements may be different for different procedures. Therefore, the study of distributed resource selection in NR V2X should base on the unicast and groupcast procedure design. 
Proposal 5: For distributed resource selection in NR V2X, the unicast and groupcast procedure design should be the consideration.
1.6. Uu-assisted resource allocation
In LTE V2X, Uu-assisted resource allocation (mode3-like) includes dynamic resource scheduling and SPS resource scheduling.
In NR V2X, the feasibility study should be performed to see whether the distributed resource selection can support the aperiodic services with variable packet size. But the mode-3 like dynamic resource scheduling is potential solution if UE is in coverage. 
Besides that, for the advanced V2X services which need the vehicle coordination and resource coordination like the services transmitted in unicast or groupcast, the Uu-assisted resource allocation should be preferred. 
Proposal 6: Uu-assisted resource allocation mechanism should be further study as the potential solution for the aperiodic services with variable packet size and the coordination services like unicast and groupcast.
Conclusion
In this contribution, the issues for considerations on resource allocation mechanism in NR V2X are discussed. Particularly, we have following observations and proposals:
Observation 1: Considering supporting NR V2X structures and procedures, the influence factors for NR V2X resource allocation are as follows:
· Variable numerology
· Dynamic slot format
· Feedback mechanism
Observation 2: Two types of advanced V2X services should be considered for NR V2x resource allocation mechanism study:
· Periodic services with variable packet size
· Aperiodic services with variable packet size
Observation 3: Unicast and groupcast should be considered for NR V2X resource allocation mechanism study. 
Proposal 1: Considering NR V2X physical layer structures, the resource/resource pool configuration and indication by the signaling of both high layer and physical layer should be further studied.
Proposal 2: For distributed resource selection in NR V2X, an additional dimension of resource selection should be further studied based on the combination QoS, and numerology.
Proposal 3: For distributed resource selection in NR V2X, the half-duplex issue in multiple carrier operation shall be further investigated. 
[bookmark: _GoBack]Proposal 4: To study distributed resource selection in NR V2X:
· For the periodic services with variable packet size, LTE mode4-like resource allocation should be considered as the starting point of the study.
· For the aperiodic services with variable packet size, the study should include the 3GPP specified mechanism, the other wireless distributed access technology and even the related academic papers.
Proposal 5: For distributed resource selection in NR V2X, the unicast and groupcast procedure design should be the consideration.
Proposal 6: Uu-assisted resource allocation mechanism should be further study as the potential solution for the aperiodic services with variable packet size and the coordination services like unicast and groupcast.
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