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1. Introduction
In RAN#68, V2x study item has been agreed. Study on support of Uu transport for V2V is included in the second phase of study (to be completed by RAN#72 – June 2016), including evaluating the feasibility of Uu transport for V2V in terms of meeting latency requirements, network coordination required, resource efficiency, and energy efficiency of UE [1].
In this contribution, we will provide the analysis and initial evaluation results on Uu based V2V communications.
2. Discussion
RAN2 has worked on the analysis of latency and capacity of Uu based V2V [2]. According to RAN2’s analysis, DL will be the bottleneck of Uu based V2V communication, as for DL the data needs to be multicast to all the vehicle UEs in the cell. Considering latency analysis in RAN2, both MBMS and SC-PTM may be possible for V2x operation in DL.  In this contribution, we will focus our analysis and evaluation on SC-PTM for its flexibility. In addition, following RAN2 assumption that UL is not the bottleneck, we also assume that UL transmission is ideal, that is, there is no packet loss and zero latency for UL data transmission.  
A key issue on Uu based V2V communication is that a data message from a given vehicle needs to be delivered to multiple other vehicles nearby. Depending on the vehicle UE geographical location and the cell range, the destination vehicles for a given data message may be distributed in multiple cells. Without knowledge on the location of a vehicle UE, the serving cell of the UE has to forward the V2V data from the UE to all the neighbor cells to guarantee that all the vehicles nearby have the opportunity to receive the data. Without any optimization, a lot of DL data redundancy will be there as UEs which are far away from the data source will also receive the data message broadcasted in the cell. 

Assuming the same deployment and data traffic model as that used in evaluation of PC5 based V2V [3], 48 usable RBs in each subframe, and all the radio resources can be used for Uu based V2V communication, the minimum spectrum efficiency per cell can be computed as in Table I. It can be observed that the required spectrum efficiency is rather high, considering that multicast is assumed. Especially for the dense urban scenario (15KM/h), modulation of 64 QAM needs to be assumed to support the spectrum efficiency.
Table I: minimum spectrum efficiency per cell for Uu based V2V

	Urban scenario – 60KM/h
	0.88bit/RE

	Urban scenario – 15KM/h
	3.6 bit/RE


Therefore, we made the observation:

Observation 1: For Uu based V2V communication, enhancement may be necessary to reduce the redundant DL data transmission at least for dense urban scenario.
3. Evaluation 

The evaluation assumption of Uu based V2V follows the evaluation assumptions on PC5 based V2V communication, including traffic model, deployment scenarios, UE drop and mobility model, eNB deployment, channel model between UE and eNB, etc. The performance metric includes PRR and resource utilization of downlink resources. SC-PTM is assumed as the DL transmission scheme. No eNB coordination for DL transmission is assumed. For a given vehicle, the data packet will be multicast in its serving cell and all the neighbour cells. Ideal UL transmission is assumed, i.e. with zero latency and packet loss. There is no WAN traffic assumed and no handover impact is considered. If a data packet is not delivered after latency requirement i.e. 100ms, the packet will be dropped. The evaluation assumptions are summarized in Table II in appendix. 
For SC-PTM, single transmission per data packet is assumed. Two different MCS selection algorithms are considered. For the first option, a static MCS value is assumed for each transmission, and data packets are transmitted in a first in first out way. For the second option, the MCS value is dynamically adjusted according to the data packet in the buffer and the available radio frequency resource. As multicast is assumed, it is assumed that the MCS value can only select among those of QPSK and 16QAM.
In Figure 1, the average PRR vs. distance of Uu based V2V communication is shown. For urban scenario with 60KM/h UE speed, the MCS value is set as X if it is statically selected; for urband scenario with 15KM/h UE speed, the MCS value is set as Y if it is statically selected. It is assumed that 48 RBs can be used for Uu based V2V communication in each subframe. The corresponding downlink resource utilization is shown in Table II. It can be observed that the resource utilization is high and the PRR of Uu based V2V is limited. As there is no eNB scheduling coordination, the inter-cell interference is rather high. Due to the street layout used in the evaluation [3], there exists many vehicles UEs deployed at cell boundary area, and thus the impact of inter-cell interference is high. Furthermore, for even dense scenario, DL capacity may not be sufficient as we have analysed in section 2. Packet may be dropped if it is delayed more than 100ms. Even though we set very high MCS i.e. 64 QAM, it may not help the overall performance as many cell edge UEs may have poor SINR status. Thus MCS level should be selected considering target BLER of cell edge UEs.
Therefore, we made the following observation:

Observation 2: When resource utilization is high, inter-cell interference has big impact on the performance of DL Uu based V2V communication.
Observation 3: When NW capacity is limited compared with V2V traffic amount, using very high order MCS may performs even worse than just dropping un-scheduled packets with moderate MCS.
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Figure 1: CDF of PRR (a=0, b= 150m) for Uu based V2V
Table II: Resource utilization of Uu based V2V

	Scenario
	Resource utilization

	60 km/h, QPSK, R=0.53
	0.815

	60 km/h, dynamic (QPSK or 16QAM)
	0.907

	15km/h, 64QAM, R=0.58
	0.939

	15 km/h, dynamic (QPSK or 16QAM)
	0.952


Table III Average PRR vs. distance (m)
	
	0-20
	20-40
	40-60
	60-80
	80-100
	100-120
	120-140
	140-160

	60 km/h, 
QPSK, R=0.53
	0.70
	0.67
	0.67
	0.67
	0.66
	0.67
	0.66
	0.65

	60 km/h, 
Dynamic
	0.71
	0.65
	0.63
	0.63
	0.62
	0.63
	0.63
	0.61

	15 km/h, 
64QAM, R=0.58
	0.35
	0.24
	0.17
	0.13
	0.14
	0.16
	0.18
	0.17

	15 km/h, 
Dynamic
	0.48
	0.38
	0.35
	0.36
	0.35
	0.35
	0.36
	0.36


4. Conclusion
In this contribution, we have analyzed and evaluated the DL performance of Uu based V2V communication. From the discussion, we made the following observations:

Observation 1: For Uu based V2V communication, enhancement may be necessary to reduce the redundant DL data transmission at least for dense urban scenario.
Observation 2: When resource utilization is high, inter-cell interference has big impact on the performance of DL Uu based V2V communication.
Observation 3: When NW capacity is limited compared with V2V traffic amount, using very high order MCS may performs even worse than just dropping un-scheduled packets with moderate MCS.
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Appendix

Table A.I Evaluation assumptions

	Carrier Freq.
	2GHz

	Bandwidth
	10MHz for each of DL and UL in FDD

	Scenario
	Urban 60KM/h, 15KM/h

	Traffic model
	Same as PC5 based V2V, only periodic traffic evaluated

	Data propagation
	Each V2V packet multicast in the serving cell of the generating vehicle and 6 neighbor cells (assuming no UE location information available)

	UL assumption
	Ideal UL with 0 delay and packet loss

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

	WAN traffic
	No WAN traffic is assumed

	Impact of Handover
	Zero

	Max. Latency
	100ms
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