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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN Plenary meeting #80, the study item of NR based V2X was agreed [1]. Resource allocation is one of the objectives:
	· 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


[bookmark: OLE_LINK7]The SID indicates NR V2X would support advanced V2X services defined by SA1 and the consolidated requirements for each use case group are captured in TR 22.886 [2]. NR V2X on PC5 is subject to more stringent requirements than that for LTE V2X. Importance aspects are considered as below:
· Lower end-to-end latency
· Higher data rate
· Higher reliability
In the RAN1 #94 meeting, the following agreement was achieved:
	Agreements:
At least two sidelink resource allocation modes are defined for NR-V2X sidelink communication
· Mode 1: Base station schedules sidelink resource(s) to be used by UE for sidelink transmission(s)
· Mode 2: UE determines (i.e. base station does not schedule) sidelink transmission resource(s) within sidelink resources configured by base station/network or pre-configured sidelink resources


According to the requirement, the resource allocation of NR sidelink should be more flexible to support various use cases. In this contribution, we focus on the discussion of resource allocation mechanism for mode2.

2. [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Service type
In advanced V2X service, 30 use cases are defined in TR22.886 [2]. Different kinds of service should be supported. Based on periodicity and packet size in TR37.885 [3], the traffic model can be divided into the following categories:
· Periodic traffic with fix packet size
· 100ms packet arrival period with fixed packet size.
· Periodic traffic with variable packet size
· 10ms packet arrival period with packet size of 1200bytes or 800 bytes.
· [bookmark: OLE_LINK12]30ms packet arrival period with packet size range between 30000 bytes and 60000 bytes.
· Aperiodic traffic with variable packet size
· 50ms + an exponential random time with the mean of 50ms, and with packet size range between range between 200 bytes and 2000 bytes.
· 10ms + an exponential random time with the mean of 10ms, and with packet size range between 10000 bytes and 30000 bytes.
[bookmark: _Ref525573753]Observation 1: Three types of service should be considered in NR V2X resource allocation: 
· Periodic traffic with fix packet size	
· Periodic traffic with variable packet size 
· Aperiodic traffic with variable packet size

3. Issues on resource allocation in NR V2X
[bookmark: OLE_LINK4][bookmark: OLE_LINK3][bookmark: OLE_LINK8][bookmark: OLE_LINK9]In LTE V2X, the service mainly periodically arrives with fix packet size. When UE is in autonomous resource allocation mode, sensing mechanism performs important role to avoid resource collision. Then, the resource is periodically reserved based on the previous detection result in the sensing window. 
In NR V2X, the LTE SPS-like mechanism may satisfy the requirement of an event-triggered packet whose end-to-end delay is significantly larger than the resource reservation period. Noted that in LTE V2X, the minimum resource reservation interval is 20ms. Therefore, sensing mechanism can work well when the packet latency requirement is equal or larger than 20ms.
· Lower latency requirement
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]In NR V2X, end-to-end latency is much stringent, based on the requirement of SA [4], the minimum latency required is 3ms, in the cases of advanced driving and extend sensors. If a packet is arriving in t1 that is between two available transmitting occasions as depicted in Figure 1, the packet could transmit at t0+20 which is the next available transmission occasion. It is located at x ms after t1, and the value of x is one from 0 to 19 if the resource reservation time is configured to 20ms. When x is larger than 3, the latency requirement cannot be met, especially if parallel services are running. It can also be observed from some preliminary simulation results in [5]. 


[bookmark: _Ref521512011]Figure 1 Example of low latency packet reception
· Variable packet size
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In LTE V2X, a relatively small and fixed packet size is assumed for the design of the resource allocation mechanism. Nevertheless, in NR sidelink, for periodic traffic with variable packet size, which may up to 30000bytes or even larger, one-slot resource reservation may not be enough. At the same time, the variable packet size, which UE does not know until it arrives, make it difficult to determine the size of resource to be reserved. 
Based on the above discussion, we can get that LTE sensing and SPS-like mechanism cannot meet the requirements of NR sidelink service. We need to enhance the LTE resource selection mechanism or design a new one.
· Aperiodic traffic
In general, the aperiodic traffic also can be carried by the SPS-like resource reservation mechanism, if low enough period is used. However, given that many reserved resoureces may finally not used due to the random time interval between two consecutive packets, this mechanism may significantly degrade the utilization rate of reserved resources. 
Besides, in this situation, the sensing result is inaccurate to reflect the actual practical channel condition of aperiodic traffic, as many reserved resources are not used at all. Thus, it may degrade the system performance, and it is necessary to enhance the resource reservation mechanism or introduce a new mechanism for aperiodic traffic.
[bookmark: _Ref525658555]Proposal 1: Enhancement to the autonomous resource selection mechanism is necessary in NR V2X.

4. Resource allocation mechanism in NR V2X
In order to handle the above-mentioned issues, the mechanism of periodical resource reservation plus a one-shot transmission can be beneficial for NR V2X. 
· One shot transmission
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]One-shot transmission may work for aperiodic service. A UE performs a small scale of sensing within a second sensing window. The duration of the second sensing window can be defined based on the latency requirement. First, UE decodes scheduling assignment (SA) slot by slot to get the scheduling information which including the priority and detailed resource allocation information. If the decoded priority is lower than itself, UE treats the resource as a candidate resource. Besides, if other UE reserve several slots but only use part of them according to the actual arriving packet size, UE can reuse the unoccupied resources according to the resource allocation. Then, UE can select resources from its candidate resources. 
[bookmark: _Ref525928081]Proposal 2: Priority and information about resource occupation should include in the scheduling assignment.
[bookmark: _Ref525928084]Proposal 3: The duration of the sensing window relies on the latency requirement.
· Resource selection
If UE has traffic arriving, it can calculate whether the next reserved transmission occasion (if existed) can meet its latency requirement. If yes, then the UE can transmit in the reserved resource. Otherwise, UE can execute one-shot transmission.
As illustrated in Figure 2, 15kHz SCS is assumed. UE1 performs sensing in sensing window (same as LTE sensing window). Based on the sensing result, UE1 starts to reserve resource in the selection window from t = 1. Assuming that two-slot resources are reserved for each transmission occasion, with a reservation period of 50ms. If a packet burst arrives at t = 20ms with latency requirement of 20ms, there is no reserved resource available for this burst. Then, UE1 can perform a one-shot transmission to select resources. UE1 decodes SA slot by slot. If at t = 25, UE1 decodes an SA transmitted by UE2, that indicate t = 30, 31, 32, 33 resources are reserved, and only t = 30 and 31 are occupied. Then, UE1 gets the information that t =32 and 33 can be used for transmission. These resource can be candidate resources for UE1.
 [image: ]
[bookmark: _Ref525926893]Figure 2 Resource selection mechanism

5. Preliminary evaluation results
System evaluations on large scale resource reservation and one shot transmission for periodic and aperiodic traffic  are depicted in Figure 2-4. Corresponding system level evaluation assumptions are illustrated in Annex A.
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	[bookmark: _Ref525834600]Figure 3 PRR for Freeway
	[bookmark: _Ref525834683]Figure 4 average PRR for Freeway

	[image: ]

	[bookmark: _Ref525834628]Figure 5  average PIR for Freeway

[bookmark: _Ref525930374]Table 1 detailed assumption about simulation

	Case index
	Traffic type
	Inter-packet arrival interval(ms)
	Latency requirement(ms)
	Resource reservation interval(ms)
	Resource reservation method

	1
	Periodic
	100
	50
	50
	Large scale reservation

	2
	Periodic
	100
	100
	100
	Large scale reservation

	3
	Aperiodic
	50+exp(50)
	50
	50
	Large scale reservation

	4
	Aperiodic
	50+exp(50)
	50
	50
	one shot transmission


The details of the four cases are showed in Table 1. The duration of the second sensing window as discussed in the previous section for Case 4 is equal to the packet latency requirement. Case 1 and Case 2 are periodic traffic with different latency requirements and resource reservation intervals. These two cases are aimed to make a comparison on transmission reliability with different latencies and reservation intervals. Case 3 and Case 4 can verify the system performance of one shot transmission for aperiodic traffic.
Based on system simulation results above, for periodic traffic, it can be observed that not only the average PRR performance but also average PIR performance of Case 2 is better than Case1 as the distance increases. The reason may be that the smaller reservation interval would increase the collision probability of resource reservation. 
[bookmark: _GoBack]Note that the average PRR performance in Figure 4 of Case 4 is obviously better than Case 3. In Figure 5, the PIR results of the two cases start at an unfixed point about 95ms as the random packet arriving time. It is adjacent before the distance index of seven and the PIR result benefits from the one shot transmission when the distance gets larger. In addition, the average PRR of Case 3 has the worst performance while the Case 4 working on the one shot transmission is closed to the performance of Case 2. Thus, it comes to the conclusion that the enhanced large scale reservation can bring some benefits to the system performance. 
[bookmark: _Ref525833631]Observation 2: The one shot transmission on top of the large scale resource reservation can bring some benefit.

6. Resource pool
[bookmark: OLE_LINK32]In LTE sidelink transmission, the resource pool concept is introduced for resource management and multiplexing. This concept can also be reused in NR sidelink. 
[bookmark: OLE_LINK35][bookmark: OLE_LINK36][bookmark: OLE_LINK33][bookmark: OLE_LINK34]On the other hand, in NR Uu interface, flexible numerology configurations are supported to fulfill the requirements of various services. As discussed in [6], it seems necessary to support various SCS configurations for NR sidelink. Such a design may have some impacts on the resource pool design. For example, if multiple resource pools with different SCS are present, it may increase the UE complexity for blind decoding different resource pools. Some enhancements for resource pool should be considered.
[bookmark: _Ref521330067]Proposal 4: The resource pool should be enhanced to support flexible BWP or SCS configurations.

7. Conclusion
In the contribution, overview and discussion on NR V2X resource allocation are provided. Some observations are as following:
Observation 1: Three types of service should be considered in NR V2X resource allocation: 
· Periodic traffic with fix packet size	
· Periodic traffic with variable packet size 
· Aperiodic traffic with variable packet size
Observation 2: The one shot transmission on top of the large scale resource reservation can bring some benefit.

Based on the discussion, we have following proposals:
Proposal 1: Enhancement to the autonomous resource selection mechanism is necessary in NR V2X.
Proposal 2: Priority and information about resource occupation should include in the scheduling assignment.
Proposal 3: The duration of the sensing window relies on the latency requirement.
Proposal 4: The resource pool should be enhanced to support flexible BWP or SCS configurations.
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