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1 Introduction

In RAN2# 92, an email discussion was launched to discuss the capacity analysis of Uu-based V2V transmission [1].
In this contribution, the capacity results captured in [1] is analyzed, and potential RAN2 impacts are raised correspondingly.
2 Capacity analysis of V2V transfer for Scenario 2
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Fig. 1: Scenario 2
The capacity of analysis of Scenario 2 is analyzed. In RAN1 #92, it was agreed to continue using the traffic model adopted for PC5 transmitting V2V in RAN1 #82 [3]. In this section the performance of candidate Scenario 2 architectures are provided based on the PC5 evaluation methodology agreed in RAN 1.
2.1 Working assumption

Based on the agreement in RAN2 [2], 2GHz is analyzed with high priority, and 20MHz carrier bandwidth is assumed. Other working assumptions are aligned with the agreed evaluation parameters for PC5 [1].
In the evaluation, we assume that 95% vehicles within the coverage should fulfil the PRR (packet receiving ratio) requirement individually, which is also adopted in the SC-PTM and MBSFN system evaluation for MCPTT. It is important to add this assumption. Without such an assumption, higher MCS could be assumed, and some UEs located at the edge of the cell may continuously fail to reliably receive the data transmitted from other UEs. 
Table-1 Simulation assumptions
	Parameter
	Value

	Deployment scenario
	Urban, highway

	Cellular Layout
	19 cell sites, 3 sectors per site

	Inter-site distance
	500m for urban, 1732 for highway

	Carrier frequency
	2000MHz

	Bandwidth
	10MHz, 20MHz

	Duplex method
	FDD

	UE speeds of interest
	15/60kmh for urban , 70/140kmh for highway

	UE antenna gain
	3dB

	MBSFN configuration
	10 subframes are fully used

MCS is fixed

Extended CP

	SC-PTM configuration
	10 subframes are fully used

MCS is fixed

Normal CP

	UE dropping method
	inter-vehicle distance (2.5second *  vehicle speed)
4 lane for urban, 6 lane for highway
UEs are uniformly dropped on the road

	Traffic model
	V2V traffic model agreed in RAN1

	Transmission mode
	SFBC for SC-PTM, SIMO for MBSFN 

	Wrap around
	Wrap around agreed in RAN1

	Metrics (Only applied to Table 3,4)
	MCS is fixed to guarantee that 95% UEs in a cell meet the PRR requirement (Urban 90%, freeway 80%).
To obtain the maximum vehicle density supported. 



2.2
Capacity analysis
2.2.1
Capacity requirement

Based on the urban scenario agreed in RAN1 #82, the ISD (Inter-Site Distance) is 500m, and each cell covers an area of 0.072km2. Each block (433m*250m) covers the area of 0.108 km2. 

A similar calculation is done for the highway scenario. In the following, a speed of 15km/h and an urban scenario are used as an example. 
If the vehicle is travelling with low speed, e.g., 15km/h, the inter-vehicle distance is assumed to be 15/3.6*2.5=10.4m, where 2.5 seconds is the driver reaction time. Each block is surrounded by two 4-lane 443-meter roads, and two 4-lane 250-meter roads as well. In the super dense scenario, each block has (433+250)*4/10.4=262.7 vehicles. Then the average vehicle number per cell is 0.072/0.108*262.7=175 vehicles/cell.
Based on the proposed traffic model in [3], each vehicle should transmit eight 190 Byte packets and two 300 Byte packets within 1 second. Therefore the data rate for each vehicle is (190*8+300*2)*8=16,960bps, i.e., the cell level data rate requirement is 17kbps*175=2.975Mbps.

On the other hand, the transmission range requirement of V2V messages is 150m in the urban scenario. With an ISD of 500m many vehicles within the transmission range requirement of a transmitting UE will be outside of the coverage range of the UE’s serving cell. However, each downlink message should not be only transmitted in the vehicle’s serving cell, but also among one-ring adjacent cells to guarantee coverage requirement, as Fig.5 shows. As the network cannot know the position of each vehicle exactly, an appropriate way is to forward the messages to each neighbouring cell of the vehicle’s serving cell, i.e., each packet will be transmitted in 7 cells in the urban scenario, and 3 in the highway scenario.
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Fig.2 Consideration of forwarding V2V message to neighbouring cells

Observation 1: The V2V message transmitted by one vehicle needs to be received by vehicles in the serving cell and its neighbour cells. 

Downlink data rate requirement is 2.975Mbps/cell *7=20.825Mbps/cell.Obviously, the downlink is the bottleneck for the Uu transport of V2V. The same observation is obtained in highway scenario.
2.2.2
Capacity analysis results
2.2.2.1
Unicast

For the unicast solution, each packet should be delivered in the downlink to each vehicle in the serving cell and 6 neighbouring cells individually. Therefore the total data rate requirement in the downlink for V2V is 2.975 Mbps/cell *7*175=3.65Gbps/cell. 

It is clear that the unicast solution is not efficient, and cannot be the only solution to support V2V transmission. However, it could supplement other solutions.

Proposal 1: The unicast solution should not be the only solution supporting V2V transport, but could supplement other solutions. 

2.2.2.2
SC-PTM

For SC-PTM, the system capacity results and requirements in different scenarios with different vehicle densities are listed in table-3 below. Note that for these results we assume that MCS is fixed to guarantee that 95% UEs in a cell meet the PRR requirement (Urban 90%, freeway 80%).
 Table-3 Capacity simulation results for SC-PTM
	Scenario
	Urban 
	Highway 

	Speed(km/h)
	60
	15
	15
	140
	70

	Message frequency(Hz)
	10
	2
	10
	10
	10

	Density requirement (v/cell)
	43
	175
	175
	54
	107

	Supported density with 10MHz(v/cell)
	43
	186
	43
	100
	100

	Result
	(
	(
	(
	(
	(


Here, “Supported density” is the maximum vehicle density for which the system can guarantee the target PRR.
2.2.2.3
MBSFN
For MBSFN, the system capacity results and requirements in different scenarios with different vehicle densities are listed in table-4 below. Notice that we assume all of the 10 subframes in one radio frame are used for MBSFN transmission to keep the comparison fair. For these results we assume that MCS is fixed to guarantee that 95% UEs in a cell meet the PRR requirement (Urban 90%, freeway 80%).

Table-4 Capacity simulation result for MBSFN
	Scenario
	Urban 
	Highway 

	Speed(km/h)
	60
	15
	15
	140
	70

	Message frequency(Hz)
	10
	2
	10
	10
	10

	Density requirement (v/cell)
	43
	175
	175
	54
	107

	Supported density with 10MHz(v/cell)
	27
	114
	27
	62
	62

	Result
	(
	(
	(
	(
	(


Here, “Supported density” is the maximum vehicle density for which the system can guarantee the target PRR.
2.3 PRR analysis results
In this section, we use PRR as the metric. Different PRR values for different MCS values are provided. Only PRR values at target distance range 140-160m (urban) and PRR values at target distance range 300-320m (Freeway) are provided in Table 5.
PRR values for bandwidths of 10MHz are also compared in Table 5.
Table 5: PRR for different configurations by MBSFN
	Scenario
	PRR at target distance range 140-160m 
(Urban, 60km/h, 10 Msgs/Sec)
	PRR at target distance range 300-320m 
(Freeway, 70km/h, 10 Msgs/Sec)
	PRR at target distance range 140-160m 
(Urban, 15km/h, 10 Msgs/Sec)

	10MHz DL(MCS=5)
	0.5689
	0.5305
	0.1591

	10MHz DL(MCS=6)
	0.7587
	0.6826
	0.1882

	10MHz DL(MCS=7)
	0.9027
	0.8433
	0.2238

	10MHz DL(MCS=8)
	0.9749
	0.9732
	0.2514

	10MHz DL(MCS=9)
	0.9542
	0.9516
	0.3014

	10MHz DL(MCS=10)
	0.9442
	0.9403
	0.3671


Table 6 PRR for different configurations by SC-PTM
	Scenario
	PRR at target distance range 140-160m 
(Urban, 60km/h, 10 Msgs/Sec)
	PRR at target distance range 300-320m 
(Freeway, 70km/h, 10 Msgs/Sec)
	PRR at target distance range 140-160m 
(Urban, 15km/h, 10 Msgs/Sec)

	10MHz DL(MCS=5)
	0.6396
	0.5542
	0.1886

	10MHz DL(MCS=6)
	0.8448
	0.7890
	0.2298

	10MHz DL(MCS=7)
	0.9444
	0.9048
	0.2751

	10MHz DL(MCS=8)
	0.9669
	0.9577
	0.3177

	10MHz DL(MCS=9)
	0.9462
	0.9411
	0.3434

	10MHz DL(MCS=10)
	0.9405
	0.9355
	0.4075


3 Performance analysis for SC-PTM and MBSFN
3.1Capacity analysis

It can be observed from Table 3 and 4 that, in 10 MHz bandwidth,  both SC-PTM and MBSFN have difficulties to meet the capacity requirements for high vehicle density scenarios. 
Observation 2: Neither SC-PTM nor MBSFN technologies can meet the capacity requirement in Scenario 2 when vehicle density is high for 10MHz bandwidth.
The SC-PTM outperforms MBSFN in capacity in terms of the following three aspects.

· Spectrum efficiency
Technically, V2V is kind of local environment broadcast. In this case, MBSFN transmission is not efficient as it can only support extended cyclic prefix. Extended cyclic prefix will lead to 14.3% system capacity lost compared to normal cyclic prefix which is supported by SC-PTM. In addition, MBSFN only supports the transmission on single antenna port (i.e. antenna port 4), however SC-PTM supports multiple antenna port transmission (i.e. transmit diversity) which can provide significant gain in terms of spectrum efficiency. It can be seen from the evaluation results that SC-PTM outperforms MBSFN in all scenarios even when MBSFN is assumed to utilize all of the subframes.
· Link quality robustness
The SINR for vehicles in the MBSFN area edge (for MBSFN) will be worse than the SINR for vehicles in the cell edge (for SC-PTM). Taken the following Figure as an example, where vehicle V1 is located in the edge of a MBSFN area and the MBSFN area consists of cell 0-6.  Vehicle V1 almost cannot get the multi-cell signal combination gain, because cells 0/2/4 don’t have main lobe towards it. At the same time, vehicle V1 will suffer from the strong aggregated interference from another adjacent MBSFN area which consists of cell 7/8 etc. 
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Fig.3 Demonstration of signal and interference combination for MBSFN
· Scheduling flexibility
For MBSFN, the MBSFN resource configuration and allocation are quite static, and it is configured by O&M according to e.g. the maximum possible traffic volume, the required MCS to achieve coverage target, etc. In V2V, one cell needs to be configured with multiple MBSFN areas (e.g. 3 MBSFN areas in the highway scenario) in order to broadcast the V2V traffic data that generated by vehicles in neighbouring cells. Sometimes there may be fewer vehicles in one neighbouring cell hence fewer V2V messages to broadcast in the corresponding MBSFN area, however the unused radio resources cannot be utilized by other MBSFN areas.
SC-PTM doesn’t have the above problem. SC-PTM transfers the broadcast service using PDSCH, and the SC-PTM scheduling is quite agile and radio resources could be dynamically assigned by PDCCH based on the real time V2V traffic load TTI by TTI. This enables the LTE system to support a varied system load based on different vehicles density and V2V traffic load.  In the network supporting V2X, there could be unicast service as well as broadcast services. Both SC-PTM and unicast are PDSCH based transmissions and they have the same radio frame structure, so the radio resources could be flexibly shared between them even in the same radio subframe, which consequently means that the spectrum resources can be fully utilized without waste.

Observation 3: SC-PTM outperforms MBSFN in terms of spectrum efficiency, link robustness and scheduling flexibility in V2V scenarios, and should be considered as the baseline for Uu-based V2V.
3.2 PRR Performance analysis 

It is first observed from 15km/h case in Table 5 and 6 that, when the Modulation and Coding order is increased, the system capacity increases as well. Increasing MCS order seems the appropriate way to fulfil high vehicle density requirement. However, it has been analyzed in TR36.890 that the PRR will drop rapidly for broadcast/multicast when the UEs approach edge of a cell/MBSFN area due to degradation of BLER performance. The similar result is observed for MCS=8,9,10 in 60km/h case for  SC-PTM and MBSFN, where the majority of packets are dropped due to poor cell edge  link quality. Therefore some enhancement is needed so that the cell edge UE performance should be guaranteed.
Observation 4: High MCS order is required for SC-PTM to meet capacity requirements, but enhancements are needed to guarantee the PRR performance for the cell edge UE.

It can be seen from the table 5 and 6 that when MCS is higher than MCS8, PRR performance of MBSFN outperforms SC-PTM. The UEs located at the centre cell of the area have higher transmission reliability because the MBSFN combines the signals from the outer-ring cells. As shown in Fig.4A, the vehicles dropping the message from another vehicle in cell 0 only locate at the edge of outer-ring cells 1-6 in the blue belt area. 

On the other hand, when SC-PTM is used, the messages from cell 0 are sent in cell 0-6 independently. Taking the Fig4.B as an example, UEs at the inner edge of 2, 4, 6 in the blue belt may fail to receive the message from cell 0. When multi-cell combination is used, SC-PTM performance in terms of reception reliability can be improved for cell edge UEs.
[image: image4.png]


            [image: image5.png]



Fig 4A. packet loss in MBSFN                                Fig.4B packet loss in SC-PTM
Fig 4. Packet loss for V2V service
Observation 5:  When multi-cell combination is used, SC-PTM performance in terms of reception reliability can be improved for cell edge UEs.
Proposal 2: Enhancement for SC-PTM is required to fulfil V2V service requirements for cell edge UEs, i.e., synchronous multi-cell coordinated SC-PTM transmission for V2V messages.
Proposal 3: RAN2 is requested to capture the above analysis results and proposals into TR 36.885.

4 Conclusion
Observation 1: The V2V message transmitted by one vehicle needs to be received by vehicles in the serving cell and its neighbour cells. 

Proposal 1: The unicast solution should not be the only solution supporting V2V transport, but could supplement other solutions. 

Observation 2: Neither SC-PTM nor MBSFN technologies can meet the capacity requirement in Scenario 2 when vehicle density is high for 10MHz bandwidth.
Observation 3: SC-PTM outperforms MBSFN in terms of spectrum efficiency, link robustness and scheduling flexibility in V2V scenarios, and should be considered as the baseline for Uu-based V2V.
Observation 4: High MCS order is required for SC-PTM to meet capacity requirements, but enhancements are needed to guarantee the PRR performance for the cell edge UE.

Observation 5: When multi-cell combination is used, SC-PTM performance in terms of reception reliability can be improved for cell edge UEs.
Proposal 2: Enhancement for SC-PTM is required to fulfil V2V service requirements for cell edge UEs, i.e., synchronous multi-cell coordinated SC-PTM transmission for V2V messages.
Proposal 3: RAN2 is requested to capture the above analysis results and proposals into TR 36.885.
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