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1
Introduction

In this contribution we present performance using SC-PTM and eMBMS for Uu based V2V. The structure of this contribution is as follows:

· Section 2 presents results for SC-PTM and eMBMS.
· Section 3 concludes the contribution.

2
Performance of eMBMS and SC-PTM
We present some results for SC-PTM and eMBMS for Urban scenario. The simulation assumptions are described in [2]. We simulated SC-PTM and eMBMS 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 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 MBMSFN is using only 60% of downlink resources. The 60% is a limitation of MBMSN. For eMBMS 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 simulated a couple of enhancements to eMBMS. The first scheme was to change to normal CP. Note that MBSFN area for multimedia broadcast (the original application of MBSFN) is typically very large. This requires the use of extended CP. For V2X applications smaller MBSFN area is usually sufficient and one can use the normal CP (and corresponding normal reference signal spacing). This will increase spectral efficiency. 

We also simulated the Reuse-3 scheme proposed in [4]. Here each cell transmit in one subframe out of 3 subframes and is muted for the remaining two subframes. This is done in a coordinated manner such that every broadcasting cell is covered by a ring of muted cells, hence the receiving SINR at UEs improve significantly. One advantage of such an approach that the SINR improvement allows vehicles in other cells to successfully decode the message. The message does not need to be re-broadcasted at adjacent cells. 
Note that muting can be only applied to eMBMS and not SC-PTM. It is not possible to mute non MBSFN subframes without impacting legacy UE behaviour. Therefore for Reuse-3 only 60% of downlink resources will be used.
We plot Packet Reception Ratio versus V2V distance in the Urban 60km/h and 15km/h cases in Figure 1 and Figure 2 respectively. 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). We simulate the following schemes

· eMBMS with MBSFN area of 3 cells

· eMBMS with MBSFN area of 7 cells

· eMBMS with MBSFN area of 3 cells, normal CP

· eMBMS with MBSFN area of 7 cells, normal CP

· eMBMS with Reuse-3, normal CP

· SC-PTM with broadcast over 3 cells
For each curve we simulated different MCS values and chose the MCS that gives the best performance.
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Figure 1: Packet Reception Ratio versus distance for Urban 60 km/hr 
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Figure 2: Packet Reception Ratio versus distance for Urban 15 km/hr
Following are a few comments on the issue plots:
· We first note that for the case which are not theoretically capacity limited [1] (SC-PTM 3 cells, eMBMS 3 cells in the 60km/h case) 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 the capacity limited case of Urban 15 km/hr, the Packet Reception Rate is much less than 1 even for small V2V distance. Such non-graceful degradation is not desirable for safety messages. 
· For 3 cells groups (both SCPTM and all versions of eMBMS) 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. In other words, 3 cells groups are range limited. This can be seen most clearly in the 60km/hr case where the capacity is not met. 
· If one takes into account the fact that eMBMS is using only 60% of the subframes then eMBMS provides better resource efficiency for both 3 cells and 7 cells scenarios.
· For the cases that are capacity limited using normal CP for eMBMS improves performance significantly.
· The gains due to Reuse-3 are somewhat limited. 
Observation 1: eMBMS typically has better performance than SC-PTM especially considering the 60% limitation of eMBMS. 

Observation 2: Using normal CP for eMBMS provides significant gains for capacity limited scenarios.

Observation 3: The gains of Reuse-3 are somewhat limited.

In [5] it is observed that periodicity of CAM is a function of vehicles speed, acceleration etc. This is quite different from the assumed traffic model in [2]. We simulated using a more realistic traffic model where the periodicity of packet generation was changed based on the speed. The periodicity of CAM messages is described in Table 1. The periodicity was chosen to generate a message for every 4m displacement.

	Scenario
	Urban 60km/hr
	Urban 15 km/hr

	CAM Generation Periodicity (ms)
	250
	1000


Table 1: Periodicity of CAM messages
The results are shown in Figures 3 and 4.

We note that with more realistic traffic model the results for Urban 15km/hr and Urban 60km/hr are almost identical. This is because we are no longer capacity limited in both cases. There is limited gains of using normal CP or Reuse-3 scheme (which actually has worse performance). While both SC-PTM and eMBMS perform quite well eMBMS may has perform advantage. However SC-PTM allows for better multiplexing of V2V traffic with WAN traffic. Therefore both schemes can be considered for Uu based V2V. 
Observation 4: For realistic CAM packet generation the gains of normal CP and Reuse-3 are at best limited.
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Figure 3: Packet Reception Ratio versus distance for Urban 60 km/hr – CAM period of 250ms
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Figure 4: Packet Reception Ratio versus distance for Urban 15 km/hr – CAM period of 1000ms
4
Conclusion

In this contribution we presented results for Uu based V2V using SC-PTM and eMBMS. We make the following observations and proposals.

Observation 1: eMBMS typically has better performance than SC-PTM especially considering the 60% limitation of eMBMS. 

Observation 2: Using normal CP for eMBMS provides significant gains for capacity limited scenarios.

Observation 3: The gains of Reuse-3 are somewhat limited. 
Observation 4: For realistic CAM packet generation the gains of normal CP and Reuse-3 are at best limited.
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