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1 Introduction
At RAN#68 meeting, a SID on LTE-based V2X Services was agreed. Some detailed objectives are as follows [1]: 
1) To define the evaluation methodology for LTE-based V2V, V2I/N and V2P services to compare the performance of different technical options, including the following aspects: [RAN1]

a) Deployment scenarios, considering the above operating scenarios
b) Modeling of vehicle density and mobility 

c) Traffic models and performance metric

At least the aspects of the methodology relevant to PC5 for V2V shall target RAN#69, to enable completion of objective 2.
In this contribution, we discuss simulation evaluation methodology for V2X on traffic models and performance metric, etc.
2  Traffic models 
The eighteen use cases listed in [2] cover the major deployment scenarios of V2X simulations and can be the baseline for evaluation methodology. Table 1 shows some typical link-layer parameters for V2X communication that can be used in system level simulations.
Table 1: Example parameters for V2X services [2]

	
	Effective range
	Absolute velocity of a UE supporting V2X Services
	Relative velocity between 2 UEs supporting V2X Services
	Maximum tolerable latency
	Minimum application layer message reception reliability

	#1 (suburban)
	200m
	50kmph
	100kmph
	100ms
	90%

	#2 (freeway)
	320m
	160kmph
	280kmph
	100ms
	80%

	#3 (autobahn)
	320m
	280kmph
	280kmph
	100ms
	80%

	#4 (NLOS / urban)
	100m
	50kmph
	100kmph
	100ms
	90%

	#5 (urban intersection)
	50m
	50kmph
	100kmph
	100ms
	95%


Other typical values of V2V services are listed in the second column of Table 2 as stated in [2]. Notice that for some parameters, only ranges of values are suggested. In order to avoid too much simulation work, it is desirable to define a common set of parameters that can cover most of key scenarios of V2V services. The proposed set of parameters and values are listed in the third column of Table 2. Other parameters such as evaluation scenarios, channel model, etc. are discussed in our companion paper [3]. 
Table 2 Parameters for traffic models of V2V Services
	Parameters
	Typical values [2]
	Proposed values

	Message size
	50-400 Bytes
	300 Bytes

	Communication type
	broadcast
	broadcast

	Period
	periodicity 100ms
	periodicity 100ms

	Maximum frequency 
	10 V2V messages per second
	10Hz

	Resource allocation 
	-
	Type 1

	MCS 
	-
	QPSK, code rate ~=1/2 

	Retransmission times 
	-
	{2,4}


Typical values of message size range from 50 to 400 Bytes. To align the simulation parameters, we suggest to use 300 Bytes. Regarding resource allocation, broadcast mode is suggested for V2V communication and resource allocations can be autonomous where designs for Rel-12/13 D2D communication and discovery may be largely reused. In particular, type 1 discovery can be good starting point and resources can be randomly selected within a discovery period, for example 100 ms, and within the frequency resource pool. MCS can refer to the design in D2D. Retransmit tims can refer to the design of D2D, for example blind HARQ transmissions. Depending on the density of vehicles and message size, either 2 or 4 can be considered. 
It is important to evaluate the quality of communication within effective range as listed in Table 1. Effective range can be understood as:
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Figure 1 Meaning of effective range 
1) Within certain range: the entire area within certain radius, i.e., all the area within circle B in Fig. 1.

2) Between certain distances: the ring area, i.e., between circle A and circle B in Fig. 1.
In our study, we assume Interpretation 1). The following performance metrics can be used in V2V services studies:

· Packet delivery rate (PDR): Average packet successful delivery rate of all recipient vehicles that are in the given distance circle from the sending vehicle.
· System packet delivery rate: Average package delivery rate of all UE.
In order to more vividly illustrate the quality of service, the following two metrics can be used:
· Link successful rate (LSR): Average communication successful link rate which PDR is higher than S (e.g. 90%) of all recipient vehicles that in the given distance circle from the sending vehicle.

· System link successful rate: Average link successful rate of all UE.
3 System level simulation results
Four cases of HARQ settings and resource allocations are studied in the following simulations. 
Table 3 Four cases for system simulations
	Case index
	Resource allocation
	Number of HARQ Tx

	Case 1
	Type1，enough RBs allocated
	2

	Case 2
	Type1，enough RBs allocated
	4

	Case 3
	Type1， 2～10 RBs randomly selected within the frequency resource pool in each scheduling cycle
	2

	Case 4
	Type1， 2～10 RBs randomly selected within the frequency resource pool in each scheduling cycle
	4


3.1 Effect of HARQ
As V2V communication is assumed to use broadcast mode, it is necessary to study the impact of number of HARQ transmission on the system performance. While retransmission helps to boost the receiver sensitivity, more resources are occupied, thus increasing the chance of resource collision, especially when the UE density is high. System simulation results are shown in Fig.2 and Fig.  3.
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Figure 2 Packet delivery rate as a function of D2D distance
It is observed from Fig. 2 that within 300 meters of range, packet deliver rates (PDR) of 2 HARQ and 4 HARQ are very similar. Overall, using 2 HARQ is lightly better than 4 HARQ. Link successful rate (PDR > 90%) are shown in Fig. 3. Little difference is observed.
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Figure 3 Link successful rate as a function of D2D distance
Proposal 1: either 2 or 4 HARQ transmission can be configured.
3.2 Resource allocation
Autonomous resource selection is recommended to meet the latency requirement. Here the exact scheme for allocation can be different from D2D Type 1 discovery. The size of resource pool can also significantly affect the performance. One way is to allocate as wider as possible the frequency resources. While the latency can be reduced, the coverage would be reduced as well due to the overlapped resources that can increase the interference between D2D links. Alternatively, a MAC layer packet is segmented into multiple sub-packets (as Case 3 and Case 4). Coverage would definitely be improved in this case. However, the total number of physical sub-packets is increased. Some preliminary simulation results are shown in Fig. 4 and Fig. 5.
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Figure 4 Packet delivery rate, 2 HARQ transmissions 
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Figure 5 Packet delivery rate, 4 HARQ transmissions
It is observed that a UE should be assigned with the maximum number of PRBs it can handle.
Proposal 2: a UE can be assigned with the maximum number of PRBs it can handle, i.e. no packet segmentation. 
4 Conclusions
Some parameters for traffic models are proposed, together with a few suggestions:
Proposal 1: either 2 or 4 HARQ transmission can be configured.
Proposal 2: a UE can be assigned with the maximum number of PRBs it can handle, i.e. no packet segmentation. 
Proposal 3: to use packet delivery rate or link successful rate as the performance metric.
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Annex A
Table A1 Simulation parameters 
	Parameter 
	Value 

	System bandwidth 
	10MHz 

	Carrier Frequency 
	5.9GHz 

	Tx power 
	23 dBm 

	Noise figure 
	9 dB

	Vehicle  Antenna Pattern 
	Omni and 0 dBi gain 

	RSU  Antenna Pattern 
	Directional antenna ，17dBi maximum gain 

	Vehicle Antenna Number 
	1 TX and 2 RX 

	RSU Antenna Number 
	2 TX and 2 RX 

	ISD in Highway 
	1000 m 

	ISD in Urban 
	about 500m 

	IBE model 
	{3,6,3,3} 

	Thermal noise level 
	–174 dBm/Hz



































