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1
Introduction
In this contribution we discuss performance of V2V using Uu. More specifically we focus on performance using SC-PTM and eMBMS. 
The structure of this contribution is as follows:
· Section 2 presents some initial simulation result.

· Section 3 summarizes the comparison between the two schemes across different dimensions

· Section 4 concludes the contribution.

2
Simulation Results
In our companion contribution [1] we provide some theoretical capacity results for both downlink and uplink. It is observed that uplink is mostly not a bottleneck but downlink may be a bottleneck. The theoretical capacity results are reproduced in Table 1 below for Urban scenario with cellular coverage as defined by RAN1 [2]. 

	Drop
	Group Type
	Total Traffic for Broadcast 
(Mbps)
	Total Capacity
SCPTM-MCS5
(Mbps)
	Total Capacity
MBMS-MCS6
(Mbps)

	Urban 60 KMPH
	7 cells
	5.34
	6.9
	4.04

	Urban 15 KMPH
	7 cells
	21.37
	6.9
	4.04

	Urban 60 KMPH
	3 cells
	2.29
	6.9
	4.04

	Urban 15 KMPH
	3 cells
	9.16
	6.9
	4.04


Table 1

The red cells are the cases that the required capacity cannot be met for both MBMS and SCPTM. The yellow cells are the cases where the required capacity is met for SCPTM but not for MBMS. We note that theoretically it is not possible to meet the capacity requirement for Urban 15 KMPH case. Hence we focus on the Urban 60 KMPH case.
We simulated SC-PTM and MBMS for the scenario according to simulation assumptions described in [2]. We simulated SC-PTM and MBMS for group sizes of both 3 cells and 7 cells. For 3 cells case we were using the concept of localized broadcast as described in our companion contribution [1], i.e., select appropriate neighboring cells to broadcast on such that coverage is most uniform across all directions. In our simulations SC-PTM is using 100% of downlink resources while MBMS is using only 60% of downlink resources. The 60% is a limitation of MBMS. For MBMS each cell is part of 6 MBSFN groups for 3 cells and each MBSFN group is allocated one subframe in a frame. For 7 cells case, each cell is part of 7 MBSFN groups. Each group is still allocated one subframe in a frame but in each frame one out of the 7 group is disabled to meet the 60% resource constraint.

We first characterize the distribution of instantaneous downlink SINR CDF in Figure 1 below.
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Figure 1: CDF of Instantaneous SINR at UE
A few observation can be made:

· SINR distribution of 3 cells SC-PTM and 7 cells SC-PTM is identical, which is expected.

· SINR distribution of 3 cells  MBMS is in general 4 dB better than SC-PTM

· SINR distribution of 7 cells  MBMS is in general 8 dB better than SC-PTM

The higher SINR for MBMS motivated us to use high MCS, i.e., MCS6 for MBMS compared to MCS5 for SC-PTM. For MCS5 a decoding threshold of 1dB was assumed, whereas for MCS6 a decoding threshold of 3 dB was assumed. 
We plot Packet Reception Ratio versus V2V distance in Figure 2. Note that the V2V distance is the distance from the source of a V2V packet to the receiving UEs (not to be confused with the distance from the receiving UEs to the transmitting eNodeB).
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Figure 2: Packet Reception Ratio versus distance for Urban 60 KMPH case
There are a few remarks about this result:

· We first note that for the case which were not theoretically capacity limited (SC-PTM 3 cells, SC-PTM 7 cells, MBSFN 3 cells) the starting point roughly corresponds to the CDF point of the corresponding SINR.
· Initially the curves are flat for distance where the receiver in all directions is within the coverage of the forwarding area. 

· For 3 cells groups (both SCPTM and MBMS) we start seeing loss due to receiver not being in the forwarding area from around 100 m.

· For 7 cells groups we start seeing loss due to receiver not being in the forwarding area from around 200 m.

· 7 cells MBMS performance is the worst since it is capacity limited.
· 3 cells MBMS always outperforms 3 cells SCPTM since it is not capacity limited and provides better SINR than SCPTM

· 3 cells MBMS outperforms 7 cell SCPTM at small distance (< 125m) as it provides better SINR. At large distance it is coverage limited while baseline SCPTM is not.

· If one takes into account the fact that MBMS is using only 60% of the subframes then MBMS provides better resource efficiency for both 3 cells and 7 cells scenarios.

Note that the loss in Packet Reception Ratio is the combination of three factors: loss due to low SINR at the receiver, loss due to packet dropped at the eNodeB (insufficient downlink capacity) and loss due to receiver not in the forwarding area (out of coverage). To see the effect of the first factor clearer, we also plot the loss due to low SINR only (i.e. the ratio of the downlink packets that have instantaneous SINR lower than the minimum decodable SINR of the MCS in each scheme).
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Figure 3: Packet Reception Rate Due To Different Factors

We can see that
· SCPTM is no capacity limited, this is manifested by the small gap between the relaxed performance and real performance at low distance. This small gap is due to shadowing effect where UEs can be associated to eNodeBs that are far away from them. At large distance, the loss is mostly from out of coverage.

·  The SINR loss of SCPTM is flat w.r.t. V2V distance, which is an expected behaviour.

· MBMS is clearly capacity limited in the 7 cell case. This is illustrated by the larger gap between the relaxed performance and the real performance, even at small distance.

· 3 cells MBMS is also capacity limited in practice (even though analysis in [3] suggest otherwise). This is because the V2V traffic is distributed unevenly for different forwarding area. The most lightly loaded area must forward data from as few as 20 UEs, while the heaviest loaded area must do so for as much as 80 UEs. Yet, for simplicity, we assume equal scheduling between different areas. With a more efficient scheduling algorithm, the performance of 3 cells MBMS is expected to be much better.

· The SINR loss is very low for MBMS schemes. The 7 cells scheme provide nearly no loss up to 125m, and the loss for the 3 cells schemes is less than 10% at 150m.
3
SC-PTM vs MBMS Comparison
Table 2 below summarizes the comparison between the two schemes taking into account the simulation results presented above, characteristics of the schemes and other analysis [3].
	Dimension
	Preferred Scheme

	Resource efficiency
	MBMS: For distances < 250m as illustrated by the above simulation results 

· >67% more for 3 cell case, 

· ~44%  more for 7 cell case

	Impact of high speed
	Needs link level evaluation

	Coexistence with WAN
	SC-PTM: Allows mixing of SC-PTM and other downlink traffic within a subframe irrespective of the transmission mode used for unicast

	Scheduling flexibility
	SC-PTM: SFN nature of MBMS and one subframe granularity reduces flexibility 

	Latency
	SC-PTM, MBMS: Both meet requirements but SC-PTM can achieve lower latency

	Network Coordination
	SC-PTM: SFN nature forces coordination for any changes. However such changes are expected to happen over slow time scales


Table 2
Based on this comparison we feel further study is needed.
4
Conclusion

In this contribution we presented some initial simulation results for SC-PTM and MBMS and compared the two schemes in different dimensions. Further study is needed to make a final decision on the scheme to use.
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