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1. Introduction

In the email discussion of RAN2 [92#37] and [92#45], latency and capacity of Uu-based V2V has been discussed [1,2]. It was observed that existing multi-cast satisfies the requirement on latency while potential shortage on downlink capacity remains. In this contribution, we provide initial evaluation results based on SC-PTM and possible enhancements.
2. Evaluation results of multicast/broadcast
In our companion papers [3,4], downlink performance of Uu-based V2V and I2V are evaluated in urban scenario. In the simulation, SC-PTM is assumed for downlink transmission scheme. In the downlink transmission for Uu-based V2X, some V2X communication can be inter-cell communication if target range for V2X communication straddles several cells. In the V2V operation, V2V message should be forwarded from serving cell of the source UE to the neighbor cells where receiver UEs can be located so that all the vehicles nearby have the opportunity to receive the data. In urban scenario, 6 neighbor cells are assumed in the evaluation. For I2V operation, inter-cell data forwarding can be optimized according to the RSU locations needs to be covered, i.e., intersections in the urban scenario as discussed in [4].
Corresponding evaluation results are summarized in Table I and Table II. It is observed that even with 60 km/h, Uu-based V2V does not provide sufficient PRR. Since resource utilization is 81.5% for UE speed with 60 km/h, retransmission is not possible for enhancement. In case of 15 km/h, available resource is not sufficient and 64QAM is selected in order to transmit all the V2X messages with the limited resource. Contrary, it is observed that PRR of I2V service shows relatively high PRR due to limited traffic volume which is equivalent to 1 or 2% of resource utilization. Therefore, major reason of performance limitation in the V2V operation would be inter-cell interference due to high traffic load. Another aspect we can find in the I2V performance is that; even though quite limited RU for I2V, average PRR does not achieve 90% in some cases. Considering that it would be mostly noise limited environment, the degradation could be due to cell association. If UE selects an eNB which is far from the UE location, the eNB may never provide V2X massages which the UE is interested to because V2X packets are forwarded only for neighbour cells. Such situation can be occurred due to shadowing especially in realistic urban scenario. If optimal range for data forwarding is optimized, it would mitigate for both inter-cell interference and cell association issue. As these two issues are in the relationship of trade-off, further study on the optimal data forwarding among eNB is necessary. So RAN1 needs to evaluate several data forwarding options until possible options are down-selected by other WGs. Therefore, we observe following.
Observation 1: Performance bottleneck for Uu-based V2V is inter-cell interference due to high load.
Observation 2: Further study on the optimal data forwarding among eNBs is necessary.
Table I Average PRR vs. distance (m) in urban scenario
 (a) Uu-based V2V

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

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

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


(b) Uu-based I2V

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

	60 km/h, 
QPSK, R=0.53
	0.89
	0.92
	0.92
	0.89
	0.89
	0.92
	0.90
	0.89

	60 km/h, 
QPSK, R=0.22
	0.96
	0.96
	0.94
	0.92
	0.92
	0.95
	0.93
	0.92

	15 km/h, 
QPSK, R=0.53
	0.89
	0.92
	0.92
	0.90
	0.89
	0.93
	0.89
	0.86

	15 km/h, 
QPSK, R=0.22
	0.95
	0.95
	0.94
	0.92
	0.92
	0.96
	0.93
	0.90


Table II: Resource utilization in urban scenario
(a) Uu-based V2V

	Scenario
	Resource utilization

	60 km/h, QPSK, R=0.53
	0.815

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


(b) Uu-based I2V

	Scenario
	Resource utilization

	60 km/h, QPSK, R=0.53
	0.0098

	60 km/h, QPSK, R=0.22
	0.0226

	15 km/h, QPSK, R=0.53
	0.0098

	15 km/h, QPSK, R= 0.22
	0.0226


3. Possible Enhancements
As discussed in the section 2, inter-cell data forwarding is essential. In the MBSFN, it is assumed that several cells semi-statically compose a MBSFN area for SFN transmission. Assuming broadcast service in wide area, e.g., TV, such operation efficiently mitigates inter-cell interference. On the other hand, most of the V2X services are short range communication where communication range is up to several hundred meters, e.g., 320 m for freeway and 150 m for urban/NLOS. Therefore more localized coordination would be suitable for V2X operation. If all the V2X traffic is shared among neighbour cells, resource load will be significantly increased compared to the single cell operation. For example, 7-fold effective resource occupancy is expected for urban scenario with hexagonal cell layout as shown in Figure 1 (a) and (b). With irregular cell layout, even worse inefficiency is possible. If the data forwarding among cells can be location aware, target cell(s) for the data forwarding can be optimized per packet. V2X packet will only be forwarded to the cell area which is likely within the communication range of the packet. For example, if the source UE is located in the cell centre, the packet could be terminated within a cell and if the UE is located in cell edge, the packet will be transferred to target cell(s) determined based on location information. 1-7-fold resource occupancy is expected in this option as shown in Figure 1 (c). Considering the resource shortage and severe impact of inter-cell interference in the Uu-based V2V operation, it is considered that location-aware data forwarding may contribute to reduce inter-cell interference. Feasibility of such location-aware data forwarding should be discussed by related WGs, e.g., RAN2, RAN3 and SA2.
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Figure 1: Data forwarding options for multi-cell multi-cast/broadcast
It is noted that all the three options are applicable for MBSFN and SC-PTM. For option 3, MBSFN cannot dynamically schedule forwarded data packets by the “agile operation” in option 3 while SC-PTM has better flexibility on scheduling:
· Option c with SC-PTM

· Data is forwarded to the cells within the communication range. Each cell schedules the data with/without inter-cell coordination

· Option c with MBSFN

· Alt. 1: Several cells in a MBSFN area skip transmission of data if the cell is not within the communication range
· Alt. 2: Several sets of overlapped MBSFN areas are configured and data is transmitted in the best suitable MBSFN area with the cost of increase in latency

As a result of limited flexibility on resource allocation, some resources will not be scheduled and/or additional latency is introduced for MBSFN with option c. Therefore, we consider that SC-PTM is appropriate multicast/broadcast scheme for option 3 if option 3 is feasible. If neither MBSFN nor SC-PTM with listed options do not provide sufficient PRR to meet the requirement, further optimization to improve the PRR is considered, e.g., interference mitigation by inter-cell coordination.
Observation 3: Location-aware inter-cell data forwarding in SC-PTM, if possible, may optimize the resource utilization and mitigate inter-cell interference issue for multi-cell multicast.
4. Conclusion

In this contribution, we discussed. Observations are summarized below.
· Observation 1: Performance bottleneck for Uu-based V2V is inter-cell interference due to high load.
· Observation 2: Further study on the optimal data forwarding among eNBs is necessary.
· Observation 3: Location-aware inter-cell data forwarding in SC-PTM, if possible, may optimize the resource utilization and mitigate inter-cell interference issue for multi-cell multicast.
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