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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At the RAN#80 meeting, a new SID on 3GPP V2X phase 3 [1] was approved. It agreed that the V2X phase 3 shall be a complementary to LTE V2X [2] and shall support advanced V2X services [3] beyond the services supported in LTE Rel-15 V2X. In the SID, one of the objectives is NR sidelink design:
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 give our views on NR sidelink resource allocation mechanism considering the performance requirements of advanced V2X services.

[bookmark: _Ref129681832]Performance requirements of advanced V2X services
Based on the SID [1], NR-V2X is expected to support the full set of advanced V2X services specified in TR 22.886 [4] and TS 22.186 [3]. Besides, NR-V2X shall complement LTE V2X for advanced V2X services.  The advanced V2X services are classified into the following four use case groups: 
· Vehicle Platooning
· Advanced Driving 
· Extended Sensors
· Remote Driving

Table I shows the performance requirements of the above four use case groups. As shown in the table, the most stringent latency and reliability requirements are 3 ms and 99.999%, respectively.  Note that the required payload size is quite large for NR-V2X packet under this stringent latency and reliability requirements.
Table I Performance Requirements of advanced V2X services
	Use case group
	Max end-to-end latency (ms)
	Payload (Bytes)
	Reliability (%)
	Data rate (Mbps)
	Min required Communication range (meters)

	Vehicle Platooning
	10 ~ 500
	50 ~ 6000
	90 ~ 99.99
	[50] ~ [65]
	80 ~ 350

	Advanced driving
	3 ~ 100
	300 ~ 12000
	90 ~ 99.999
	10 ~ 50
	360 ~ 500

	Extend sensors
	3 ~ 100
	[1600]
	90 ~ 99.999
	10 ~ 1000
	50 ~ 1000

	Remote driving
	5
	-
	99.999
	UL: 25
DL: 1
	-



Observation 1: NR-V2X needs to meet reliability requirement of 99.999% under latency target of 3 ms with large payload size.
Discussion on autonomous resource allocation mode
Issues of low latency and high reliability
In LTE-V2X, a UE autonomous resource allocation mode (mode 4) based on sensing mechanism is defined [5]. When requested by higher layer at subframe n, based on the sensing results in previous 1000 subframes, the PHY layer reports a set of candidate resources within a selection window of .  is chosen based on processing delay and  is chosen to meet the latency requirement. In Rel.15,  and  are agreed. The UE selection of  shall fulfil the latency requirement. In addition, the amount of the reported resource should not be smaller than 20% of the total resources in the selectin window. Then the MAC layer randomly selects the resource for sidelink transmission from the reported resource set. The value of   determines the maximal latency of V2X communications. It was agreed that the minimum value of   can be reduced to reduce layer 1 latency. For example,   can be reduced to 10ms in LTE-V2X. If NR-V2X applies the autonomous resource allocation mechanism of LTE-V2X, the stringent latency target of 3 ms will lead to an extremely short selection window, resulting in the problems as follows:

1. Collision probability will increase.

With short selection window, the total number of resources within the selection window will decrease. It is also with high possibility that there is no available resource or no enough resource to report (which is 20% * total) in case of very stringent latency. If   is too small, such as    is equal to or less than 3ms, then there will be high probability of no resource or no enough resource to be reported to higher layer. Therefore, the probability for two UEs selecting the same time-frequency resource increases resulting in the higher collision probability.
2. Resources with low SINR will be reported.

In LTE-V2X, the proportion of reported resources to total resources is fixed as 20%. If the proportion factor is less than 20%, the PHY layer will relax the conditions related to PSSCH-RSRP and S-RSSI to include more resource to be reported. Specifically, UE will increase the PSSCH-RSRP threshold by 3dB and repeat the sensing procedure. As a result, resources with low SINR would be included in the reported resource set and eventually selected by the MAC layer for sidelink transmission.

The above problems will degrade the reliability performance and the reliability requirement of 99.999% cannot be satisfied. Therefore, it is required to study new resource allocation method for satisfying the low latency and high reliability in V2X communications. 

Observation 2: It is possible that there is no or not enough resource with high SINR available for UE selection in a short latency requirement.

Proposal 1: Study autonomous resource allocation mechanism in NR-V2X, which guarantees high probability of available resources selected for critical V2X packet with low latency.

Considerations on resource selection with low latency requirement
As pointed out in the above section, the latency reduction below 20ms for resource selection leads to increased probability of collision and results in the resources with low SINR being reported for selection because of lack of resources in selection window and half-duplex limitation. Therefore the following enhancements need to be further analyzed in case if further latency reduction is considered:
1. The release of reserved resource from low priority packet

It may permit the UE with the higher priority V2X traffic to select the resource reserved by low priority traffic as the targeted resource if there are no available enough resources. Then, the related UEs with lower priority packet which has reserved the targeted resource will release its reservation. As shown in Fig. 1, it assures the critical V2X packet to be transmitted within its stringent latency. The method to indicate the UE with low priority packet to release its reservation should be further studied.
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                                       Figure 1. Example of releasing the reserved resource


2. Switching among multiple transmission resource pools 

In LTE-V2X, there can be up to 8 transmission resource pools either pre-configured for out of coverage operation or provided by RRC signalling for in-coverage operation. Each pool can have one or more associated PPPP. For transmission of a TB, the UE can select a transmission pool based on the PPPP identified in the TB. Under such a configuration, in order to guarantee available resources for critical V2X packet, a straightforward solution is to define a dedicated resource pool has associated with critical packets’ PPPP. However, it is highly inefficient since critical packets are sporadic. To assure both resource availability for critical packets and resource efficiency, a mechanism can be considered to enable switching among multiple resource pools. For example, as shown in Figure 2, both resource pool-1 and resource pool-2 have critical packets’ PPPP (PPPP-0). When a critical packet arrives, the UE randomly choose one from them at first. If there are no available resources in the current selected resource pool, the UE can switch to the other pool. 

[image: ]
Figure 2. Example of resource pool switching


Proposal 2: The solutions to assure the UE with low latency packet to timely obtain the resource for its emergency transmission should be studied.

Conclusions
In this contribution, the performance requirements of NR-V2X is discussed. Some potential issue brought by the stringent requirements on reliability and latency are analyzed. The following proposals and observations are made:
Observation 1: NR-V2X needs to meet reliability requirement of 99.999% under latency target of 3 ms.
Observation 2: It is possible that there is no or not enough resource with high SINR available for UE selection in a short latency requirement.
Proposal 1: Study autonomous resource allocation mechanism in NR-V2X, which guarantees high probability of available resources selected for critical V2X packet with low latency.
Proposal 2: The solutions to assure the UE with low latency packet to timely obtain the resource for its emergency transmission should be studied.
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