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1. Introduction
Technical support for PC5-based V2P,V2I/N and Uu-based V2V,V2P,V2I/N has been more clarified in updated TR36.885.According to the requirement in 84bis Agenda” To collect the evaluation results”, more evaluation results and observation related to LTE-based V2X is presented in this contribution.
2. Discussion
2.1 PC5 transport for V2I/N
In evaluation of V2I, RSU drop model for each of Urban and Freeway cases are as follows:
· Urban: at the center of intersection

· Freeway: uniform allocation with 100m spacing in the middle of the freeway

In general, the number of RSUs is small compared with corresponding vehicle UEs in the simulation area. As described in Table II, 19 RSUs are deployed in freeway simulation area while 9 RSUs are deployed in urban simulation area with 9 grids. So, we consider that V2I is co-channel with V2V and they use the same resource pool to evaluate the performance of V2I. Inevitably, half-duplex problem exists between vehicle and vehicle, vehicle and RSU, and RSU and RSU. For V2I/I2V simulation, traffic mode 1 is considered, that is, I2V traffic generated on each RSU is same as PC5 based V2V. The simulation results are shown below:
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(a)Freeway 140km/h                                                             (b) Freeway 70km/h
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(c)  Urban 60km/h                                                                 (d) Urban 15km/h
Figure 1: Packet reception ratio of V2I/I2V and V2V

In Figure 1, the performance of V2I/I2V/V2V average packet receive rate are shown. It can be observed that I2V achieve the and best performance due to the height of RSU and the influence of V2I communication on V2V has certain relationship with the scenario. The influence in the freeway scenario is larger than urban scenario because of the different deployment density of RSUs.
Observation 1：The V2V communication performance degrade beacuase of the V2I communication and the influence is smaller in urban scenario than freeway scenario. 

2.2 PC5 transport for V2P
In urban scenario the number of pedestrian UEs is 500 and the V2P/P2V communication may have an unnegligible influence on V2V. So, two assumptions are made in the simulation for V2P:
(1) V2P/P2V and V2V share the same resource pool         
(2) V2P/P2V and V2V use orthogonal resource pools
The traffic period of V2V is 100ms and the traffic period of P2V is 1000ms. When V2P/P2V and I2V use orthogonal resource pools, we suppose that the resource pool proportion between P2V and V2V is 1:9, that is, in each 10 subframes one is allocated for P2V and 9 are for V2V. 
The results of  (1) is shown in Figure 2 and the results of (2) is shown in Figure 3.
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(a) Urban 60km/h                                                                   (b) Urban 15km/h
Figure 2:  Packet reception ratio of V2P/P2V and V2V，share the same resource pool
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(c) Urban 60km/h                                                                   (d) Urban 15km/h
Figure 3:  Packet reception ratio of V2P/P2V and V2V，orthogonal resource pool
According to the results, it can be observed that P2V communication has little influence on V2V when V2P/P2V and V2V share the same resource pool and this because the low transmit frequency of pedestrian UEs. When V2P/P2V and V2V use orthogonal resource pools, the influence is a little larger but the performance of P2V is improved.
Observation 2：When V2P/P2V and V2V use orthogonal resource pools, the influence caused by V2P to V2V communication is a little  larger, but the performance of P2V improves.
2.3 Uu-based V2V

For Uu-based V2V, packet generated is broadcast by eNB in DL, SC-PTM is assumed in each cell. Two traffic generation modes are considered：
· Traffic is generated per RSU at the crossing and then it is broadcast in DL by the serving eNB
· Traffic is generated per UE and then it is broadcast in DL by the serving eNB
In the packer received ratio (PRR) calculation, the distance is considered as the geographical distance from the centre of the crossing to the receiving vehicle UE. Therefore, four simulation conditions are considered:
Option 1: RSU generates the traffic in urban scenario and the vehicle speed is 60km/h

Option 2: UE generates the traffic in urban scenario and the vehicle speed is 60km/h

Option 3: RSU generates the traffic in urban scenario and the vehicle speed is 15km/h

Option 4: UE generates the traffic in urban scenario and the vehicle speed is 15km/h

In option 1 and option 3, the resource pool proportion is 12.5% and in option 2 and option 4, the resource pool proportion is 50%. The 50% proportion means that 4 subframes are allocated for I2V communication per 8 subframes and the other 4 subframes is reserved for WAN traffic. The results are shown in Figure 4.
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Figure 4:  PRR of Uu-based V2V 

It can be seen from Figure 4 that option 1, 2 and 3 achieve good performance in a larger range of communication compared to the results in Figure 1. However, option 4 has the worst performance because of the high load capacity. To illustrate the influence of DL load capacity to the performance of Uu-based V2V, another two simulations are carried out next, in which the UE generates the traffic in urban scenario and the vehicle speed is 60km/h.
Option 1: the resource pool proportion is 50%,4 subframes is used for V2V per 8 subframes
Option 2: the resource pool proportion is 12.5%,1 subframes is used for V2V per 8 subframes
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Figure 5:  Comparison of different I2V resource pool configuration
It can be observed that low resource pool proportion with relative high traffic lead to a bad communication performance. Traffic generated by RSU at the center of the crossing is broadcast in DL by the serving eNB and the resource usage is 6.8% when traffic is generate by UEs. The speed is 60km/h, the average number of UEs per sector is 43 and the resource usage is 29.24%. So, the 12.5% resource pool proportion is not sufficient. When traffic is generated by UEs, the speed is 15km/h, the average number of UEs per sector is 175 and even with all of the DL resources it is not sufficient. Therefore, the high traffic results in poor performance inevitably.
The latency and capacity requirement is very important in Uu-based V2V communication. RAN2 has done the latency analysis. Usually a UE needs to communicate to UEs within the scope of a certain distance and they may be located in different cell, so network coordination is required, as is described in [3]. An approach is taken to expand the scope of the communication and reduce the DL traffic load at the same time.
Observation 3：Uu-based V2V can achieve good performance in a larger range of communication when DL traffic load is not high.

3. Conclusion
For PC5/Uu-based V2X services, our observations are as follows: 
Observation 1：The V2V communication performance degrade beacuase of the V2I communication and the influence is smaller in urban scenario than freeway scenario.
Observation 2：When V2P/P2V and V2V use orthogonal resource pools, the influence caused by V2P to V2V communication is a little  larger, but the performance of P2V improves.
Observation 3：Uu-based V2V can achieve good performance in a larger range of communication when DL traffic load is not high.
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Appendix
Table I: Details of evaluation scenarios
	Parameter
	Assumption

	Carrier frequency for PC5
	6 GHz

	Bandwidth
	10 MHz

	Number of carriers
	One carrier

	Synchronization
	Time and frequency error are not modeled

	In-band emission
	In-band emission model in Section A.2.1.5 in TR36.843 is reused with {W, X, Y, Z} = {3, 6, 3, 3} for single cluster SC-FDMA.

	Antenna height
	1.5 m for Vehicle and pedestrian, 5 m for UE Type RSU

	Antenna pattern
	Omni 2D

	Antenna gain
	3 dBi

	Maximum transmit power
	23 dBm

	Number of antennas 
	1 TX and 2 RX antennas. Baseline is that 2 RX antennas are separated by wavelength/2.

	Noise figure
	9 dB

	Resource Allocation
	Random Selected Resource Position in PC5 based V2X simulation
Orthogonal Resource Allocation in Uu based V2V simulation


Table II: Details of vehicle/Pedestrian UE drop and mobility model
	Parameter
	Urban case
	Freeway case

	Number of lanes
	2 in each direction (4 lanes in total in each street)
	3 in each direction (6 lanes in total in the freeway)

	Lane width
	3.5 m
	4 m

	Road grid size by the distance between intersections
	433 m * 250 m. Note that 3 m is reserved for sidewalk per direction (i.e., no vehicle or building in this reserved space)
	N/A

	Simulation area size
	Minimum [1299 m * 750 m]
	Freeway length = 2000 m. Wrap around is applied to the simulation area.

	Vehicle dropping
	Average inter-vehicle distance in the same lane is 2.5 sec * absolute vehicle speed. The same density/speed in all the lanes in one simulation.

	Dropping of Pedestrian UE for V2P and P2V
	The inter-pedestrian UE distance (m) is ‘36.344’.
The number of dropped pedestrians is identical for different grids.

	RSU Dropping 
	Urban: to simplify the simulation, at the center of intersection

Freeway: uniform allocation with 100m spacing in the middle of the freeway

	Absolute vehicle speed
	15 km/h, 60 km/h
	140 km/h, 70 km/h

	Absolute Pedestrian speed
	3 km/h
	/


Table III: Assumptions for V2P/V2I/V2V channel
	Parameter
	Urban case
	Freeway case

	Pathloss model
	WINNER+ B1 Manhattan grid layout (note that the antenna height should be set to 1.5 m.). Pathloss at 3 m is used if the distance is less than 3 m.
	LOS in WINNER+ B1 (note that the antenna height should be set to 1.5 m.). Pathloss at 3 m is used if the distance is less than 3 m.

	Vehicle antenna height
	1.5 m

	UE Type RSU antenna height
	5 m

	Pedestrian antenna height
	1.5 m
	/

	Shadowing distribution
	Log-normal
	Log-normal

	Shadowing standard deviation
	3 dB for LOS and 4 dB for NLOS
	3 dB

	Decorrelation distance
	10 m
	25 m

	Fast fading
	NLOS in Section A.2.1.2.1.1 or A.2.1.2.1.2 in TR 36.843 with fixed large scale parameters during the simulation.


Table IV: Assumption of traffic model (Periodic traffic)
	Parameter
	Assumption

	Message Period for V2I
	A vehicle generates one message per 100ms

	Message Period for I2V
	A RSU generates one message per 100ms

	Message Period for V2P
	A vehicle generates one message per 100ms

	Message Period for P2V
	A pedestrian generates one message per 1000ms

	Message Size for V2I
	Working assumption of message size is that one 300-byte message followed by four 190-byte messages, and the time instance of 300-byte size message generation is randomized among vehicles.

	Message Size for I2V

	Working assumption of message size is that one 300-byte message followed by four 190-byte messages, and the time instance of 300-byte size message generation is randomized among RSUs.

	Message Size for V2P
	Working assumption of message size is that one 300-byte message followed by four 190-byte messages, and the time instance of 300-byte size message generation is randomized among vehicles.

	Message Size for P2V
	Working assumption of message size for pedestrians is 300-byte message.


Table V: Assumption of Uu-based I2V
	Carrier Freq.
	2GHz

	Bandwidth
	10MHz for each of DL and UL in FDD

	Scenario
	Urban 60KM/h, 15KM/h

	Traffic model
	1. Same as PC5 based V2V, generated at crossing area
2. generated by each UE

	Data propagation
	According to RSU at the crossing or UE, the packet is generated and broadcast in its serving cell

	DL assumption
	SC-PTM; no eNB scheduling coordination among cells

	MCS
	QPSK, Code Rate =0.5

	HARQ
	Two times for blind retransmission 

	Impact of Handover
	Zero
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