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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In the last Ran4#76bis meeting, the impact of Doppler shift on the frequency error was discussed but not based on the Ran1 agreement of NLOS channel between eNB and vehicle UE. This paper evaluates the impact of Doppler shift on frequency error under NLOS as well as LOS channel. Reply LS is proposed based on the evaluations. 

Discussion
Simulation assumptions on eNB  and RSU deployment in Ran1 agreements are as follows.
If macro eNBs are deployed for Urban case, ISD of macro eNB is 500 m and the wrap around model in Figure 2-1 is used.
If macro eNBs are deployed for Freeway case,
· Option 1 (baseline): eNBs are located along the freeway 35m away with 1732m ISD in Figure 2-2.
· Option 2 (optional): Wrap around method of 19*3 hexagonal cells with 500m ISD in Figure 2-3.
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Figure 2-1: Wrap around model for Urban case
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Figure 2-2: Wrap around model option 1 (baseline) for Freeway case
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Figure 2-3: Wrap around model option 2 (optional) for Freeway case
Here, we consider baseline freeway case-option1(Figure2-2) for evaluation of frequency error.
In RAN4 requirements, frequency error is defined for eNB and UE. 
For eNB, frequency error is the difference between the actual BS transmit frequency and the assigned frequency. Frequency error minimum requirement of eNB is in Table2-1.
Table 2-1: Frequency error minimum requirement of eNB
	BS class
	Accuracy

	Wide Area BS
	±0.05 ppm

	Medium Range BS
	±0.1 ppm

	Local Area BS
	±0.1 ppm

	Home BS
	±0.25 ppm



In Table 2-1, Home BS is not likely to be deployed in V2V environment. Therefore, for evaluation of frequency error, we can consider  the accuracy of +/- 0.1ppm for eNB for worst case. 
For UE, the accuracy of +/- 0.1ppm is assumed based on the UE requirement which the UE modulated carrier frequency shall be at least as accurate as ±0.1 PPM observed over a period of one time slot (0.5 ms) compared to the carrier frequency received from the E-UTRA Node B.
Based on the Ran1 assumption, 4 vehicle scenarios under inter eNB can be identified with option 1 for freeway case as in Figure 2.4. The inter-eNB scenario is for evaluation on impact of Doppler shift.


 
Figure 2.4: vehicle scenario under inter-eNB in  option 1 (baseline) for Freeway case
· Related parameters
· Height of eNB : 32m
· Height of vehicle UE : 1.5m
· Position of Vehicle : x [m]
· Distance between eNB and Vehicle : d[m]
· Available V2V communication distance of V2V : 320m 
· vehicle to vehicle scenario
· A-C : vehicle A  vehicle C
· A-D : vehicle A  vehicle D
· B-C : vehicle B  vehicle C
· B-D : vehicle B  vehicle D
Here, V2V communication is assumed to be performed within 320m distance which is depicted as green zone in Figure 2.4. 
· Combination of LOS & NLOS between eNB1-A/B and eNB2-C/D
	
	eNB1 – vehicle A/B

	
	LOS
	NLOS

	eNB2-vehicle C/D
	LOS
	L-L
	N-L

	
	NLOS
	L-N
	N-N



	Both probability of LOS (PLOS) and probability of NLOS(PNLOS) are considered with assumption below 
· PLOS + PNLOS = 1

The line of sight(LOS) probability in Table B.1.2.1-2[2] for Rural Macro is as follows, 
[image: ] , here distance unit is based on ‘m’
The LOS probability of each vehicle can be calculated depending on the actual distance between eNB and the vehicle.
Figure 2.5 shows the LOS probability versus distance between eNB and Vehicle.
[image: ]
Figure 2.5: LOS probability of each vehicle in option 1 (baseline) for Freeway case
According to combination of LOS & NLOS, the probability of LOS and NLOS in range of 320m between V2V can be seen as in Figure2.6.
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 Figure 2.6: Probability of combination of LOS & NLOS under inter eNB in option 1 (baseline) for Freeway case
Equation of Doppler frequency shift between eNB and vehicle is . Here, we assume 
· For NLOS channel, there is no Doppler shift impact since it is averaged out, i.e., Fd = 0. 
· v = 140km/h 
·  = angel of eNB and vehicle  as Figure 2.7.
 


Figure 2.7: Angle of eNB and vehicle for Doppler frequency shift in option 1 (baseline) for Freeway case

From the calculated Doppler shift and the probability of LOS and NLOS, CDF of frequency error can be driven as figure 2.8.

[image: ]
Figure 2.8: CDF of Frequency Error under inter-eNB in  option 1 (baseline) for Freeway case
From Figure 2.8, the probability of total frequency error is shown as following Table 2.2.
Table 2.2: total frequency error in option 1 (baseline) for Freeway case
	
	5%-xile
	95%-xile
	1%-xile
	99%-xile

	eNB freq.error+UE freq.error
	-0.21ppm
	0.21ppm
	-0.28ppm
	0.28ppm

	eNB freq.error+Doppler
	-0.27ppm
	0.27ppm
	-0.36ppm
	0.36ppm

	eNB freq.error+UE freq.error+Doppler
	-0.30ppm
	0.30ppm
	-0.41ppm
	0.41ppm



Based on the results of frequency error in option 1 for freeway case under inter eNB, observation can be made
· Observation 1 : In case of V2V under inter eNB, the difference of total frequency error between (eNB frequency error + Doppler shift) and (eNB frequency error + Doppler shift + UE frequency error) is very small.

From these observation on V2V frequency errors under inter eNB scenarios, we can make the following conclusions.
· Conclusion 1 : The impact of Doppler on the frequency error is negligible based on RAN1 assumption of NLOS channel btw eNB and vehicle UE.
· Conclusion2: Under the current frequency error requirements for eNB (e.g, medium range BS, local area BS) and UE, ± 0.4 ppm error range can cover all the cases even when LOS channel is considered.
· [bookmark: _GoBack]Conclusion3 : The impact of Doppler shift on frequency error can be loosened by averaging received eNB signal even under LOS channel. 

Based on the observations and conclusions, we provide reply LS on Ran1 as below.
· Proposal : 
RAN4 would like to thank RAN1 for the LS on synchronization error assumption in LTE-based V2X. RAN4 has discussed the synchronization assumptions in Ran1 evaluation assumptions and has the following conclusions.

When the eNB signal is used for synchronization, current RAN4 requirements specify that the UE modulated carrier frequency shall be accurate to within ±0.1 PPM compared to the carrier frequency received from the eNB. Based on the Ran1 evaluation assumptions, RAN4 has concluded on LS of RAN1 as follows

· As RAN1 assumed NLOS channel between eNB and vehicle UE, the impact of Doppler on the frequency error is negligible.
· Under the current frequency error requirements for eNB(e.g, medium range BS, local area BS) and UE, ± 0.4 ppm error range can cover all the cases even when LOS channel is considered 

When GNSS is used for synchronization, the short term frequency error at the vehicle with high mobility can be in a smaller range compared with eNB based synchronization under assumption that the GNSS signal has good quality. RAN4 will further discuss the achievable accuracy for the GNSS based synchronization.

RAN4 respectfully asks RAN1 to take above conclusions into consideration in their evaluation.

Conclusion
In this paper, we investigated the frequency error of V2V based on Ran1 evaluation assumptions. And we provided some observations, conclusions and provided proposal for reply LS of Ran1 as follows.
· Observation 1 : In case of intra eNB, the difference of total frequency error between (eNB frequency error + Doppler shift) and (eNB frequency error + Doppler shift + UE frequency error) is very small.
· Observation 2 : In case of V2V under inter eNB, the difference of total frequency error between (eNB frequency error + Doppler shift) and (eNB frequency error + Doppler shift + UE frequency error) is very small.
From these observations on V2V frequency errors under both intra and inter eNB scenarios, we can make the following conclusions.
· Conclusion 1 : The impact of Doppler on the frequency error is negligible based on RAN1 assumption of NLOS channel btw eNB and vehicle UE.
· Conclusion2: Under the current frequency error requirements for eNB (e.g, medium range BS, local area BS) and UE, ± 0.4 ppm error range can cover all the cases even when LOS channel is considered.
· Conclusion3 : The impact of Doppler shift on frequency error can be loosened by averaging received eNB signal even under LOS channel. 

Based on the observations and conclusions, we provide reply LS on Ran1 as below.
· Proposal : 
RAN4 would like to thank RAN1 for the LS on synchronization error assumption in LTE-based V2X. RAN4 has discussed the synchronization assumptions in Ran1 evaluation assumptions and has the following conclusions.

When the eNB signal is used for synchronization, current RAN4 requirements specify that the UE modulated carrier frequency shall be accurate to within ±0.1 PPM compared to the carrier frequency received from the eNB. Based on the Ran1 evaluation assumptions, RAN4 has concluded on LS of RAN1 as follows

· As RAN1 assumed NLOS channel between eNB and vehicle UE, the impact of Doppler on the frequency error is negligible.
· Under the current frequency error requirements for eNB(e.g, medium range BS, local area BS) and UE, ± 0.4 ppm error range can cover all the cases even when LOS channel is considered 

When GNSS is used for synchronization, the short term frequency error at the vehicle with high mobility can be in a smaller range compared with eNB based synchronization under assumption that the GNSS signal has good quality. RAN4 will further discuss the achievable accuracy for the GNSS based synchronization.

RAN4 respectfully asks RAN1 to take above conclusions into consideration in their evaluation.
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