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1. Introduction
The new study item on NR V2X [1] was approved in RAN#80 meeting, and the detailed objectives related to NR sidelink design are 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

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


In this contribution, we discuss aspects on NR sidelink resource allocation mechanism.

2. Discussion
2.1. Direction for NR V2X resource allocation
In last RAN1 meeting, we endorsed TR [2] for evaluation methodology with different traffic model compared to Rel-14’s which are periodic and aperiodic model to support new V2X use cases. With the introduction of aperiodic traffic model, there should be new resource allocation mechanism to handle unpredictable inter-packet arrival timing and packet size. For the simplification of problem, basically, mechanism of resource allocation for NR V2X can be determined based on characteristic of traffic from higher layer, because there is obvious merits to LTE SPS resource allocation mechanism, that is, it was already proved that this mechanism provides better performance than DSRC in terms of handling periodic traffic. Therefore, at least for the periodic traffic handling case, we think that Rel-14 sensing and resource reservation principle can be re-used as much as possible. But, we know that there is a periodic traffic with variable size in NR V2X traffic model. So, we should consider that it is needed something to enhance or optimize Rel-14 resource allocation mechanism.
On the other hand, for the aperiodic traffic handling, we think that additional new resource allocation schemes. Actually, LTE SPS based Rel-14 resource allocation mechanism is not be used for handling aperiodic traffic as SPS process will be dropped. And if random resource selection within resource pool is applied much unpredictable resource collision will be generated due to randomness of packet generation time and size. Therefore, reservation based resource allocation mechanism will not be suitable for handling aperiodic traffic.
To handle both periodic and aperiodic traffics, two alternatives can be considered for NR V2X resource allocation mechanism. 
· Alt 1: Resource allocation enhancement on top of LTE mechanism.

· Alt 2: Fully re-designing resource allocation mechanism for NR V2X. 
For now, we think that Alt 1) is preferred approach, because current some use cases for NR V2X also require periodic traffic pattern. Furthermore, as already mentioned above, it is clear that reusing LTE SPS resource allocation would be beneficial.
2.2. LTE V2X features 
To be specific for reusing features related to resource allocation from LTE-PC5, one is sensing and reservation with SPS transmission for periodic traffic. For the mode 3 (i.e., eNB or gNB based scheduling), LTE like SPS scheduling with activation/de-activation of sidelink grant can be re-used for the periodic traffic case, but some additional gNB sidelink grant will be needed to handle the aperiodic traffic. At the same time, for the UE autonomous resource selection, i.e., mode 4, LTE like sensing and resource reservation can be also re-used for the periodic traffic with additional enhancement, for example, how to handle periodic traffic with random size, combination with flexible slot configuration in NR, considering multi panel in single vehicle. However, still, some new or different resource schemes are need to be introduced in order to handle the aperiodic traffic as well. Additionally, co-existence of both LTE SPS and new resource allocation scheme should be considered when mixed traffic is generated.
Regardless of traffic pattern, many features related to resource management on Rel-14 V2X, e.g., zoning (for IBE mitigation), congestion control, sensing metric, priority based resource protection in sensing and SA/data FDM, also can be inherited for NR V2X. But, there may be potential enhancement for improvement as well when NR frame structures such as variable sub-carrier spacing, flexible slot configuration are introduced in NR V2X. 

Furthermore, if there are another features to inherit from Rel-14 V2X related to resource management, companies are needed to list and examine the features for productive discussion. 
Proposal 1: RAN1 studies enhancement of NR SL resource allocation including support of LTE features such as e.g., PPPP based sensing and resource reservation, sensing metric (e.g., PSSCH-RSRP, S-RSSI), FDMed transmission of SA and data, zoning, congestion control.
2.3. New aspects for NR sidelink resource allocation

First, LTE resource reservation mechanism needs to be improved considering the periodic traffic with variable size. For example, one possible solution is that a UE reserves multiple SPS processes with various periodicities and/or frequency resource sizes, and a certain SPS process can be dynamically canceled depending on the currently generated traffic characteristic. This is called as ‘soft reservation (or dynamic SPS)’. In this method, more enhancement such as e.g., priority based SPS resource cancellation and reselection can be also considered. To be specific, SPS resource with lower priority can be (partially) shared among different UEs, and SPS resource with higher priority can be kept as much as possible so that other UEs can easily sense it and avoid the resource collision (i.e., more protection can be achieved).
Another solution for handling aperiodic traffic is ‘sensing based resource selection with using some features of multi-channel CSMA/CA operation’. The performance of this scheme is better than that of LTE random resource selection. To be specific, a UE generates the random back-off counter when it has a traffic to be transmitted and decreases the back-off counter according to the number of sub-channels which have the measurement value below the (pre)configured threshold. Further enhancement such as e.g., defining different back-off counter range per PPPP and adaptive threshold design can be also considered.

Also, ‘TDMed transmission of SA and data’ can be considered especially for aperiodic traffic. A UE that successfully decodes SA can know the location of time/frequency resource used for data transmission, and it can select (or reserve) other resources that are not used for aperiodic traffic transmission. In addition, by using this scheme, the coverage enhancement of SA and data can be achieved (at the cost of latency increase) compared to ‘FDMed transmission of SA and data’.
Proposal 2: RAN1 studies solution of NR sidelink resource allocation for handling a traffic type with time-varying size and/or generation interval.

In LTE sidelink, only one retransmission is allowed for the same TB. However, it may not be enough considering the various requirements and traffic sizes of advanced V2X services. So, it needs to increase the number of retransmission (more than 1) for NR sidelink. As explained in [3], the feedback mechanism (e.g., HARQ-ACK) can be beneficial to improve the reliability at least for the unicast scenario. If it is introduced, the potential issues need to be discussed are whether to reuse the exiting sidelink physical channel format (e.g., PSCCH) for the feedback purpose and how to determine the feedback resource with consideration for half duplex problem.

Proposal 3: RAN1 studies mechanism of feedback and adaptive retransmission number (more than 1) to support the advanced V2X services

2.4. Further consideration points for resource management

2.4.1. Impacts of flexible frame structure

In case of NR system, the number of ‘downlink’, ‘uplink’ and ‘flexible’ symbols between different slots can be configured differently considering support of various services (e.g., URLLC, eMBB) and load-adaptive resource usage change. When this flexible frame structure is adopted for NR sidelink, there will be some impact on the resource allocation and congestion control. To be specific, when the sensing and resource reservation mechanism similar to LTE sidelink is applied, it is difficult to guarantee that the number of symbols of reserved resources remains the same because the number of symbols allocated for sidelink operation between different slots could be different. So, further study is necessary how to resolve this issue when designing the resource allocation for NR sidelink. In addition, it also needs to discuss the way to reflect the above-mentioned aspect in evaluating CR value. For example, it can be defined that the final value of CR is obtained by normalizing the total amount of used resources with the predefined basic resource unit (e.g., sub-channel with the minimum number of symbols). 
Proposal 4: RAN1 studies mechanism of resource allocation and congestion control when using flexible frame structure for NR sidelink.

2.4.2. Impacts of distributed antenna panel 
The collocated antenna model is not suitable for the realistic sidelink operation since its actual radiation pattern could not efficiently provide the reasonable coverage in all the necessary directions. Considering this aspect, the distributed antenna model for vehicle UE was adopted in the study item of evaluation methodology [2]. One thing that can be observed is that the sensing and measurement results are not the same between the antenna panels at different locations. So, further study is necessary on how to handle this phenomenon in terms of resource allocation and congestion control e.g., especially when transmitting the message using multiple antenna panels.
Proposal 5:  RAN1 studies impact of distributed antenna panel on resource allocation and congestion control.
3. Conclusion
In this contribution, it was discussed on the aspects on NR sidelink resource allocation mechanism. The following proposals were made:
Proposal 1: RAN1 studies enhancement of NR SL resource allocation including support of LTE features such as e.g., PPPP based sensing and resource reservation, sensing metric (e.g., PSSCH-RSRP, S-RSSI), FDMed transmission of SA and data, zoning, congestion control.
Proposal 2: RAN1 studies solution of NR sidelink resource allocation for handling a traffic type with time-varying size and/or generation interval.

Proposal 3: RAN1 studies mechanism of feedback and adaptive retransmission number (more than 1) to support the advanced V2X services

Proposal 4: RAN1 studies mechanism of resource allocation and congestion control when using flexible frame structure for NR sidelink.

Proposal 5:  RAN1 studies impact of distributed antenna panel on resource allocation and congestion control.
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