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1. Introduction
The evaluation methodology for NR V2X has specified in TR 37.885 in Rel-15[1]. In RAN #80, a new study item on NR V2X was approved [2]. As a part of the SID, remaining aspects of simulation assumptions should be continue discussed.
In this contribution, we provide some preliminary evaluation results for NR V2X based on the latest evaluation methodology.
2. Metric for evaluation
2.1. Packet loss
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]In LTE V2X, the traffic model is mainly periodically arrived with fixed packet size, and the minimum end-to-end latency of services is 20ms [3]. In addition, the LTE SPS-like resource allocation mode (mode4) based on sensing mechanism has been specified in Releases 14 and 15. The minimum resource reservation interval of mode 4 is 20ms [4], which can meet the latency requirements of LTE V2X services easily. 
However, in TR 37.885, various periodic and aperiodic traffic models are introduced to support new V2X use cases. Meanwhile, the latency requirement of traffic model is equal or lesser than its inter-packet arrival time. The minimum inter-packet arrival time of periodic traffic model in TR 37.885 is 10ms. Whereas, the inter-packet arrival time of 10ms is less than the minimum resource reservation interval of 20ms. It may lead to traffic packet loss since some packets cannot be allocated resource within its latency requirement. Thus, we list the following cases to illustrate this problem. Corresponding system-level evaluation assumptions are provided in Annex A – System Level Evaluation Assumptions.
· Case-1: Periodic traffic model 2(medium traffic intensity) in TR 37.885, Inter-packet arrival time: 10ms, latency requirement: 10ms, resource reservation interval: 20ms
· Case-2: Periodic traffic model 2(medium traffic intensity) in TR 37.885, Inter-packet arrival time: 10ms, latency requirement: 10ms, resource reservation interval: 10ms
· Case-3: Periodic traffic model 2(medium traffic intensity) in TR 37.885, Inter-packet arrival time: 10ms, latency requirement: 10ms, resource reservation interval: 3ms
In simulation, we evaluate the performance from a new perspective: the packet loss radio (PLR). The basic idea of PLR is the quotient calculated by X/Y for a simple UE, where Y is the number of total arrived traffic packets within the simulation time and X is the number of abandoned packets among Y. It does not take into account the variable packet size, simply because a fixed-size packet is used in this evaluation. However, it can easily extend to consider the packet size. The simulation result for packet loss radio is provided as follows.
[bookmark: _Ref525842633][bookmark: _Ref525840075]Table 1: The mean of Packet Loss Ratio
	parameter
	Case-1
	Case-2
	Case-3

	PLR
	0.4972
	0
	0


Table 1: The mean of Packet Loss Ratio shows the PLR performance for three cases in option A of freeway scenario. Table 1: The mean of Packet Loss Ratio demonstrates that the traffic whose inter-packet arrival time is less than resource reservation interval leads to packet loss. In contrast, if the inter-packet arrival time is equal or greater than resource reservation interval, no packet loss occurs. 
It seems that the existing performance metric does not properly consider this issue as it measures from the receiver perspective. For example, in our view, the current PRR defined in TR 37.885 is only for the Tx packet, it doesn’t consider the lost packet since out of latency requirement. It is better to count the lost packet in PRR, e.g. by defining the X to be zero for those discarded packets.
[image: C:\Users\Administrator\AppData\Roaming\vchat\ChatFiles\2018-09\b34e000d-1166-41d6-baa3-0629ebf38c2b.bmp]
[bookmark: _Ref521663615][bookmark: _Ref525840507]Figure 1: average PRR for Freeway
It seems that the existing performance metric does not properly consider this issue as it measures from the receiver perspective. For example, in our view, the current PRR defined in TR 37.885 is only for the Tx packet, it doesn’t consider the lost packet since out of latency requirement. It is better to count the lost packet in PRR, e.g. by defining the X to be zero for those discarded packets.
Figure 1: average PRR for Freeway shows the average PRR performance of Case-1 with and without the lost packets. The average PRR of blue curve includes lost packets which PRR data is zero. The red curve not includes the PRR data of lost packets. The average PRR performance of red curve is significantly better than blue curve. 
In conclusion, high packet loss radio is not desirable, it will influence the system performance. To evaluate this impact, we propose to introduce a new performance metric to reflect the loss of packet, as well as refining the PRR to include this loss.
[bookmark: _Hlk525839046][bookmark: _Ref526112114]Proposal 1: The existing performance metric PRR should be refined to include the lost packets in the transmitter.
2.2. Inefficiency of resource reservation
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The resource reservation mechanism would become inefficiency on the resource utilization rate for aperiodic traffic, due to the randomness of packet arrival time. The utilization rates of reserved resources of the three cases are provided in Figure 2. The same simulation parameters as those of the previous section are used except that the traffic type is aperiodic.
[image: ] 
[bookmark: _Ref525951596][bookmark: _Ref525951907]Figure 2: The resource utilization rate
The curves in Figure 2 show that the reserved resources are wasted seriously for low reservation interval (i.e. 3ms). The wasted resource may not be used (e.g., due to be reserved with a higher priority), but may further decrease the candidate resources for other UEs. Consequently, the system performance may be degraded seriously.
[bookmark: _Ref526112109]Observation 1: The system performance may be degraded due to the inefficiency of SPS-like resource reservation.
2.3. Conflict on resource selection
According to the LTE SPS-like resource reservation mechanism, the resources are selected if there are enough spare candidate resources (i.e. 20%). Otherwise, the UE should restart the selection by re-including some of the candidates that may conflict with others. Obviously, the number of iterations is desirable to be as low as possible. A higher number of iterations implies serious conflict in resource reservation. In the simulation, we have also evaluated the conflict on resource reservation for the three cases above. The simulation parameters are same as the section 2.1.
[image: ] 
[bookmark: _Ref525951980]Figure 3: Distributions of iterations for candidate resource selection
Figure 3 shows the distributions of iterations for candidate resource selection. The x coordinate denotes the iterations for each TX packet and the y coordinate denotes the proportion in total TX packets. Obviously, Case-1 has the best performance, where in most time (around 90% of the packets) the resource selection can be completed within four iterations. For Case-2, higher number of iterations are required for resource selection, while for Case-3, the situation becomes even worse that only few UE can complete the resource selection within four iterations, and the mean iteration time is significantly increased to about eight. The simulation result demonstrates that, conflict becomes serious if the resource reservation interval decreases, which may further degrade the system performance.
[bookmark: _Ref526112110]Observation 2: Shorter resource reservation interval increases the conflict on resource selection. 

3. Preliminary evaluation result for low latency
According to above simulation results, for NR V2X service with shorter period, we can decrease or even eliminate the PLR through reducing the size of resource reservation interval. As for NR V2X service with low latency, we can reduce the size of selection window to meet latency requirement. However, the account of candidate resources to be selected are also reduced accordingly. It may lead to higher resource collision rate and inter-UE interference. The above problems will greatly reduce the success rate of decoding, which may not meet the higher reliability requirements in NR V2X services. 
In this section, we want to verify whether the LTE SPS-like resource allocation mode can support the low latency period traffic and meet the reliability and latency requirements in NR V2X. We use the three cases in above section to evaluate. The simulation results are depicted as below.
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[bookmark: _Ref525952151]Figure 4 PRR for Freeway
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[bookmark: _Ref525952176]Figure 5: average PRR for Freeway


Figure 4 and Figure 5 shows the PRR and average PRR performance of option A in the freeway scenario. The PRR in calculated according to the proposed revision in section 2.1. Simulation result depicted in Figure 4 shows the PRR of all packets cannot reach 100%. Figure 4 reflects that the average PRR performance of all three cases are not acceptable. In the far range, few UE can successfully receive packets. The PRR and average PRR of Case-1 and Case-2 is similar, however, the difference of the performance mainly reflects on the resource selection according to the section 2.2. Therefore, for NR V2X services with higher latency requirements [5], LTE SPS-like resource allocation mode is difficult to meet its reliability requirements.
In conclusion, the PRR performance of periodic traffic model 2 is poor to use LTE SPS-like resource allocation mode.
[bookmark: _Hlk525839056]Observation 3:	The LTE SPS-like resource allocation mode cannot provide sufficient performance for low latency services in NR V2X.
[bookmark: _GoBack]
4. Conclusion
In the contribution, we provide initial baseline evaluations for NR V2X services, and have the following observations and proposals.
Observation 1: The system performance may be degraded due to the inefficiency of SPS-like resource reservation.
Observation 2: Shorter resource reservation interval increases the conflict on resource selection.
Observation 3:	The LTE SPS-like resource allocation mode cannot provide sufficient performance for low latency services in NR V2X.
Proposal 1: The existing performance metric PRR should be refined to include the lost packets in the transmitter.

5. [bookmark: _Ref510367705][bookmark: _Ref503565490][bookmark: _Ref493791948][bookmark: _Ref503565531]Reference
[1] [bookmark: _Ref521143722][bookmark: _Ref525657760][bookmark: _Ref525840810][bookmark: _Ref510367818]TR37.885, “Study on evaluation methodology of new Vehicle-to-Everything V2X use cases for LTE and NR”, V15.0.0, 2018-06.
[2] [bookmark: _Ref525840834]RP-181429, New SID: Study on NR V2X, 3GPP TSG RAN Meeting #80, June 2018.
[3] [bookmark: _Ref525840845]3GPP TR 22.885, “Study on LTE support for vehicle to everything (V2X) services”, v14.0.0
[4] [bookmark: _Ref525840851]3GPP TS 36.213, “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer procedures”, V15.2.0.
[5] [bookmark: _Ref521328303][bookmark: _Ref521426481]3GPP TR 22.886, “Study on enhancement of 3GPP Support for 5G V2X Services”, V15.1.0.
[bookmark: _Ref525840381][bookmark: _Ref525672361]Annex A – System Level Evaluation Assumptions
The system level evaluation assumptions are as below. 
Table 2: System level evaluation assumptions
	Parameter
	Value

	Deployment scenario
	Freeway scenario from V2V methodology in TR 37.885:
· UE drop: Freeway option A
· Vehicle speed = 140 km/h

	Channel Model
	Freeway Channel Model in TR 37.885

	Spectrum Allocation
	Carrier frequency: 6GHz
Simulated Bandwidth: 10 MHz 

	Subcarrier Spacing
	15KHz

	Traffic model
	Periodic traffic model 2
Inter-packet arrival time: 10ms
Packet size: 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8
Latency requirement: 10ms

	Resource selection
	Resource reservation selection:
Based on LTE R14 resource selection, 1s sensing window duration,20% remaining resources ratio, T2 is selected to enable 10ms selection window duration

	TTI structure
	NR Slot TTI: 10 Symbols for Data, 4 DMRS Symbols overhead

	Packet Tx parameters
	16QAM
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