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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, V2I, V2P in terms of meeting latency requirements, network coordination required, resource efficiency, and energy efficiency of UE [1].

In this contribution, we will provide the evaluation results on Uu based V2x communications.
2. Potential enhancement
A key issue on Uu based V2x communication is that a data message from a given vehicle, pedestrian, or infrastructure needs to be delivered to multiple other destinations nearby to the message source. Depending on the message source geographical location and the cell range, the potential destinations for a given data message may be distributed in multiple cells. 
For Uu based V2I communication, the geographical information of data source (e.g. the crossing) can be available, therefore, for a given data packet, the cells selected for multicast can be predicted based on the geo-information. In our previous contribution [3], the evaluation results on Uu based V2I have been provided. It is observed that Uu based I2V can achieve good performance with low MCS value and small radio resource utilization. Therefore, in this contribution, we will focus our discussion on Uu based V2P and V2V. 

For Uu based V2V and V2P, without knowledge on the location of the source UE, the serving cell of the source UE has to forward the V2x data to all the possible neighbour cells, to guarantee that all the potential destinations nearby may be able 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. In our previous contribution [2], the evaluation results have shown that it is challenging to support Uu based V2V communication by reusing DL SC-PTM multicast as the vehicle density is high.
Therefore, enhancements to improve the DL multicast performance for high density Uu based V2V and V2P should be considered. Among all possible solutions, implementation based enhancement may need to be first evaluated. In this contribution, the following potential enhancements are considered and evaluated.
Geographical information aware data forwarding:
If the geographical information of vehicle UE which generates the V2V packets can be known in prior, the number of cells that the V2V/P packet should multicast in can be reduced by estimating the geographical location of potential receiving UEs. The total traffic load will be in turn reduced. An example of reducing traffic load by location aware forwarding is shown in Figure 1. 

The estimation of cells to multicast the V2x packet can be more precise if the geographical locating of receiving UEs is also known. However, the signalling cost for the NW or eNB to continuously monitoring the geographical location of potential receiving UEs would be high. Geographical information aware of the potential receiving UEs is only available if the UE is RRC_CONNECTED. Energy consumption of pedestrian UE may be high if it keeps reporting geographical information to the NW. It may also depend on RAN2 decision on whether RRC_idle UE should be supported for Uu based V2V communications, or at least for receiving.
[image: image1.emf]
Figure 1: Location aware data forwarding

Interference coordination by muting
For DL multicast, it can be observed that the packet loss ratio is rather high when resource utilization is high due to high inter-cell interference [2]. The inter-cell interference coordination could be considered for potential enhancement. Cell muting can combat with the inter-cell interference by regularly muting the neighbour cell. However, the muted resource cannot be used for data transmission which may severe the overload situation. 

NW buffering 
If V2X packet is forwarded by ITS application server, then it is possible that the server can buffer the packet and adjust the packet transmit period. For example, pedestrian UE transmits packet in UL with a long period but the NW multicast the message in DL with a shorter period. Independent duty cycle can be then assumed from pedestrian to the network and from the network to pedestrian. The energy consumption of pedestrian UE can be reduced without increasing the latency for vehicle UE to response to the danger situation. In this contribution, we only evaluated this enhancement for V2P scenario.
3. Evaluation Results
3.1. Evaluation assumptions

RAN2 has worked on the analysis of latency and capacity of Uu based V2V [R2-162800]. 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 scheduling flexibility. In addition, UL transmission is assumed to be ideal, that is, packet loss and latency are not modelled for UL data transmission.  
In the evaluation, multiple MCS values (QPSK 0.33, QPSK 0.5, and 16QAM 0.5) has been evaluated to observe the impact of MCS selection. The evaluation assumptions are aligned to the previous agreements and are shown in the appendix. 
In this contribution, we evaluate Geographical information aware data forwarding with different UE location awareness assumptions: 

1) No UE geographical information – the serving eNB will forward the packet to all the 6 neighbour cells for multicast, as shown in Figure 1(a);
2) Geo-info. of the source UE is known. The cells with coverage area overlapping with a circle centralized at source UE will be selected; and V2x message multicasting will be performed in the selected cells. The radius of the circle is set according to the target range. In our evaluation, the radius of the circle is set as 180m for V2V and 80m for V2P (which is a little larger than the target range). In addition, for simplicity, in our evaluation the coverage area of a cell is approximated as a circle with radius equal to the side length of the cell hexagon area. An example can be seen as Figure 1(b).
3) Geo-information of both source and potential receiving UEs are known. The serving cell of the UEs the distance from which to the source UE is less than the target range will be selected; and V2x message multicasting will be performed in the selected cells. In our evaluation, the target range for V2V communication is set as 150m and the target range for V2P communication is set to 75m. An example can be seen as in Figure 1(c).
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Figure 1 Illustration of geographical information aware data forwarding 
Further, in the contribution cell muting is evaluated by assuming that the each cell can only transmit in 1/3 time slots and mute in the other 2/3 time slots. The three cells with the same eNB will sequentially mute, and thus when a cell is transmitting all its neighbour cells will mute. An example of the muting pattern is shown in Figure 2.
[image: image3.png]



Figure 2 Illustration of muting pattern in the evaluation

Finally, for V2P communication, NW buffering is evaluated by assuming that the NW can buffer the packet from pedestrian and increase the DL packet transmission frequency from 1s to 100ms. 
3.2. Uu based V2V communication
For geographical information aware data forwarding, the CDF of PRR with a=0, b=150m is shown in Figure 3. The average PRR vs. distance is shown in Table I. The resource utilization is shown in Table II. From the evaluation results it can be observed that both of the two geographical information aware data forwarding methods can achieve much better performance than 7 cell data forwarding.  MCS QPSK 0.33 performs the best with geographical information aware of source and receiving UE; while MCS QPSK 0.5 performs the best with 7 cell data forwarding assumption. The performance of geographical aware of only source UE is in the middle of the other two solutions. The packet loss with high MCS value, i.e. 16QAM 0.5 is mainly due to reception failure of the DL data; while data packet timeout is an important reason for the packet loss with low MCS value, i.e. QPSK 0.33. For 7 cells case, MCS QPSK 0.5 can achieve almost full resource utilization without cause a large amount of packet timeout. From the table of resource utilization, it can be observed that graphical information aware data forwarding can greatly decrease the redundant data forwarding, and thus lower MCS value can be selected to achieve better DL reception performance without causing packet timeout. 
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Figure 3 CDF of PRR (a=0, b=150m) with different MCS and geographical information data forwarding 
Table I Resource utilization
	Scenario
	Resource utilization

	16QAM, 0.5, 7 cells
	0.480

	16QAM, 0.5, Geo. -S
	0.361

	16QAM, 0.5, Geo. –S+R
	0.268

	QPSK, 0.5, 7 cells
	0.829

	QPSK, 0.5, Geo. -S
	0.653

	QPSK, 0.5, Geo. –S+R
	0.472

	QPSK, 0.33, 7 cells
	0.866

	QPSK, 0.33, Geo. -S
	0.810

	QPSK, 0.33, Geo. –S+R
	0.639


Table II Average PRR vs. distance (m)

	
	0-20
	20-40
	40-60
	60-80
	80-100
	100-120
	120-140
	140-160

	16QAM, 0.5, 7 cells
	0.50 
	0.47 
	0.48 
	0.51 
	0.51 
	0.52 
	0.52 
	0.51 

	16QAM, 0.5, Geo. -S
	0.57 
	0.55 
	0.55 
	0.57 
	0.57 
	0.60 
	0.60 
	0.58 

	16QAM, 0.5, Geo. –S+R
	0.65 
	0.64 
	0.65 
	0.66 
	0.67 
	0.69 
	0.69 
	0.67 

	QPSK, 0.5, 7 cells
	0.69 
	0.68 
	0.68 
	0.69 
	0.68 
	0.69 
	0.69 
	0.69 

	QPSK, 0.5, Geo. -S
	0.74 
	0.74 
	0.74 
	0.75 
	0.75 
	0.75 
	0.76 
	0.75 

	QPSK, 0.5, Geo. –S+R
	0.81 
	0.81 
	0.82 
	0.82 
	0.82 
	0.83 
	0.83 
	0.80 

	QPSK, 0.33, 7 cells
	0.61 
	0.61 
	0.61 
	0.61 
	0.61 
	0.61 
	0.61 
	0.61 

	QPSK, 0.33, Geo. -S
	0.76 
	0.76 
	0.76 
	0.77 
	0.77 
	0.77 
	0.78 
	0.77 

	QPSK, 0.33, Geo. –S+R
	0.89 
	0.89 
	0.89 
	0.89 
	0.89 
	0.89 
	0.89 
	0.86 


Therefore we made the observation:

Observation 1: Geographical information aware data forwarding can greatly enhance the performance of Uu based V2V communication.

Observation 2: Geographical information aware of the potential receiving UEs can further improve the performance of Uu based V2V communications.
Observation 3: Good performance on packet reception ratio can be observed with geographical information aware data forwarding with both source and receiving UEs.
The evaluation results of cell muting with geographical information aware forwarding are shown Figure 4, table III, and table IV. CRS interference is not taken into account in the simulation. With muting, resource is more compacted as each cell can utilize at most 1/3 of the radio resource. It can be observed that low MCS performs not well due to high packet loss rate of packet timeout. On the other hand, high MCS value (i.e. 16QAM) performs best with geographical information aware forwarding, due to both the reduced traffic load and mitigated inter-cell interference.
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Figure 4 CDF of PRR (a=0, b=150m) with cell muting
Table III Resource utilization with cell muting

	Scenario
	Resource utilization

	16QAM, 0.5, 7 cells
	0.313 

	16QAM, 0.5, Geo. -S
	0.288 

	16QAM, 0.5, Geo. –S+R
	0.221

	QPSK, 0.5, 7 cells
	0.301 

	QPSK, 0.5, Geo. -S
	0.298 

	QPSK, 0.5, Geo. –S+R
	0.291

	QPSK, 0.33, 7 cells
	0.299

	QPSK, 0.33, Geo. -S
	0.298 

	QPSK, 0.33, Geo. –S+R
	0.295


Table IV Average PRR vs. distance (m) with cell muting
	
	0-20
	20-40
	40-60
	60-80
	80-100
	100-120
	120-140
	140-160

	16QAM, 0.5, 7 cells
	0.70 
	0.70 
	0.69 
	0.70 
	0.69 
	0.69 
	0.70 
	0.70 

	16QAM, 0.5, Geo. -S
	0.84 
	0.84 
	0.84 
	0.84 
	0.83 
	0.84 
	0.84 
	0.84 

	16QAM, 0.5, Geo. –S+R
	0.93 
	0.93 
	0.93 
	0.93 
	0.93 
	0.93 
	0.93 
	0.90 

	QPSK, 0.5, 7 cells
	0.36 
	0.37 
	0.37 
	0.37 
	0.37 
	0.36 
	0.37 
	0.37 

	QPSK, 0.5, Geo. -S
	0.52 
	0.53 
	0.53 
	0.52 
	0.53 
	0.52 
	0.53 
	0.54 

	QPSK, 0.5, Geo. –S+R
	0.73 
	0.72 
	0.72 
	0.72 
	0.73 
	0.72 
	0.72 
	0.70 

	QPSK, 0.33, 7 cells
	0.25 
	0.25 
	0.25 
	0.25 
	0.25 
	0.25 
	0.25 
	0.25 

	QPSK, 0.33, Geo. -S
	0.51 
	0.51 
	0.51 
	0.51 
	0.51 
	0.51 
	0.51 
	0.49 

	QPSK, 0.33, Geo. –S+R
	0.37 
	0.37 
	0.37 
	0.37 
	0.37 
	0.37 
	0.38 
	0.38 


Therefore we made the observation:
Observation 4: interference coordination solutions like cell muting can enhance the performance of Uu based V2V communication if the traffic is not overflow
Observation 5: Combining interference coordination and geographical information aware data forwarding can achieve even better performance.
3.3. Uu based V2P communication
For V2P communications, pedestrian UE may transmitting messages including its own location information, and vehicle UEs make decision to guarantee pedestrian UEs safety based on the received information. Otherwise pedestrian UE can listen to the message transmitted by the vehicle UE, make decisions based on vehicle location/speed information in the message, and warn the user when necessary. However, pedestrian UE energy consumption would be high if pedestrian UE is required to receive data packet from vehicles.  Furthermore, the PRR performance of pedestrian UE to receive Vehicle UE data message through Uu interface will be similar as that of vehicle UEs. Therefore, our evaluation focuses on the scenario that pedestrian UE transmit data messages for vehicle UEs to receive.
The evaluation assumptions follow the previous agreement on V2P evaluation and the results are shown in Figure 5, table V and table VI. Other V2x traffic, e. g. V2V and I2V traffic are not considered in the evaluation. As the target range for V2V communication is 75m, the CDF of PRR with a =0 and b=75m is shown. From the evaluation results it can be observed that with 1Hz packet generation rate, even 7 cells multicasting can perform well due to the low traffic load. However, when the traffic generation rate is high (i.e. 10Hz), 7 cells data forwarding cannot satisfy the PRR requirement. Geographical information aware data forwarding can greatly improve the PRR performance provides average PRR of above 90%.
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Figure 5 CDF of PRR (a=0, b=75m) with geographical information data forwarding
Table V Resource utilization with cell muting

	Scenario
	Resource utilization

	QPSK, 0.33, 7 cells, 1Hz
	0.121  

	QPSK, 0.33, Geo. –S, 1Hz
	0.047  

	QPSK, 0.33, Geo. –S+R, 1Hz
	0.043 

	QPSK, 0.33, 7 cells, 10Hz
	0.625  

	QPSK, 0.33, Geo. –S, 10Hz
	0.397  

	QPSK, 0.33, Geo. –S+R, 10Hz
	0.372

	QPSK, 0.5, 7 cells, 10Hz
	0.740


Table VI Average PRR vs. distance (m) with cell muting
	
	0-20
	20-40
	40-60
	60-80

	QPSK, 0.33, 7 cells, 1Hz
	0.92 
	0.92 
	0.90 
	0.90 

	QPSK, 0.33, Geo. –S, 1Hz
	0.92 
	0.93 
	0.93 
	0.92 

	QPSK, 0.33, Geo. –S+R, 1Hz
	0.97 
	0.97 
	0.97 
	0.97 

	QPSK, 0.33, 7 cells, 10Hz
	0.56 
	0.56 
	0.58 
	0.57 

	QPSK, 0.33, Geo. –S, 10Hz
	0.90 
	0.91 
	0.91 
	0.90 

	QPSK, 0.33, Geo. –S+R, 10Hz
	0.95 
	0.95 
	0.95 
	0.94 

	QPSK, 0.5, 7 cells, 10Hz
	0.73 
	0.73 
	0.71 
	0.72 


Observation 6: Due to low traffic load, 7 cell data forwarding can perform well when P2V packet generation rate is low (i.e. 1Hz).
Observation 7: Geographical information aware data forwarding can greatly enhance the PRR performance, and perform well when P2Vpacket generation rate is high (i.e. 10Hz).

4. Conclusion
In this contribution we discussed and evaluated the potential implementation based enhancement for Uu based V2x communications. Based on the evaluation, we made the following observations:
Observation 1: Geographical information aware data forwarding can greatly enhance the performance of Uu based V2V communication.

Observation 2: Geographical information aware of the potential receiving UEs can further improve the performance of Uu based V2V communications.

Observation 3: Good performance on packet reception ratio can be observed with geographical information aware data forwarding with both source and receiving UEs.

Observation 4: interference coordination solutions like cell muting can enhance the performance of Uu based V2V communication if the traffic is not overflow
Observation 5: Combining interference coordination and geographical information aware data forwarding can achieve even better performance.
Observation 6: Due to low traffic load, 7 cell data forwarding can perform well when P2V packet generation rate is low (i.e. 1Hz).

Observation 7: Geographical information aware data forwarding can greatly enhance the PRR performance, and perform well when P2Vpacket generation rate is high (i.e. 10Hz).
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Appendix

Table VII Evaluation assumptions

	Carrier Freq.
	2GHz

	Bandwidth
	10MHz for each of DL and UL in FDD

	Scenario
	Urban 60KM/h, 15KM/h

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

	P2V Traffic model
	300 bytes every 1s/100ms

	Data propagation
	7 cells, or geographical information aware data forwarding

	UL assumption
	Ideal UL with 0 delay and packet loss

	DL assumption
	SC-PTM

	WAN traffic
	No WAN traffic is assumed

	Impact of Handover
	Zero

	Max. Latency
	100ms
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