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1 Introduction
In RAN #68, a SI on V2X was approved. One of the objectives is to "identify necessary enhancements [...] to the resource allocation mechanism to meet identified requirements for robustness, latency, overhead and capacity" [1].
For D2D transmission on the PC5 interface, the data and control are transmitted at different time instances: the control is first sent in a SA pool and indicates the resources where the data is located. The data is then sent on those resources. In this contribution, we show that this resource allocation mechanism needs to be modified. We compare different resource allocation mechanisms by means of system simulations and propose to have the SA and data transmitted in the same subframe.
2 SA and data multiplexing for Rel-12 D2D
We first look at how SA and data are multiplexed for D2D Rel-12. We then assess the performance of D2D multiplexing to see if it is appropriate for V2V services.
2.1 Rel-12 data and SA pools
For D2D Rel-12, the SA pool and data pool are time-multiplexed and located in different subframes. As shown in Figure 1, the SA pool is located before the associated data pool in the time domain. For V2V, the existing mechanism in Rel-12 D2D communication can be reused. In the remainder of this contribution, this type of multiplexing is called ‘baseline’.
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Figure 1. SA and data multiplexing for Rel-12 D2D
2.2 Rel-12 D2D multiplexing performance for V2V

In this section, we evaluate the performance of the legacy D2D Rel-12 data-SA multiplexing for V2V by means of system simulation. The evaluation is done according to [2]. The freeway (140km/h) and urban (60km/h) scenarios are simulated using mode 2. All the frequency resources of the data pool are divided into several sub-bands. Each UE randomly selects a resource for SA in the SA pool and a sub-band for data in the data pool. It is assumed that there is no half duplex issue for SA.
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Figure 2. Performance of SA-data multiplexing with the Rel-12 D2D multiplexing in freeway 140km/h
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Figure 3. Performance of SA-data multiplexing with the Rel-12 D2D multiplexing in urban 60km/h
Figure 2 and Figure 3 show the Packet Reception Ratio (PRR) according to distance. As it can be seen, the PRR decreases with distance. At a distance of 300m in the freeway scenario, the PRR is 50% while at the distance of 150m in the urban 60 km/h scenario, the PRR is only 40%. These values are unacceptably low.

The main reason for this bad performance is collision. One way to improve performance is to multiplex data and SA in the same subframe to improve trunking efficiency. If some resources are free in the SA pool, they could be used for data transmission. For this reason, it makes sense to transmit data and SA in the same subframe.
3 SA transmitted in its data subframe
Given that the Rel-12 D2D multiplexing scheme does not perform well, we investigate whether transmitting an SA and its data in the same subframe can improve performance. In the remainder of this contribution, this type of multiplexing is called “single subframe transmission”. SA and data could be in either different pools or the same pool in frequency.
For example, the SA pool and the associated data pool are multiplexed in the same subframe but in different pools as shown in Figure 4 (example 1). Furthermore, with good design, there is only one half-duplex issue in this example. The reception performance should be improved compared with baseline. However, this multiplexing scheme may impact the single carrier property when the used resources are not adjacent. In addition, transmission power has to be shared between SA and data. 
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Figure 4 SA-data multiplexing for example 1.
Another possibility is to have the SA and the associated data multiplexed in the same subframe and in the same pool as shown in Figure 5 (example 2). Consecutive frequency resources are used for SA and the associated data per UE compared to the previous example. 
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Figure 5. SA-data multiplexing for example 2
3.1 Simulation results
In Figure 6 and Figure 7, we compare the performance of the baseline and the single subframe transmission above via system level evaluation. The freeway (140km/h) and urban (60km/h) scenarios are simulated for mode 2 with random resource selection. Simulation assumptions are according to [2]. Results for other scenarios can be found in Appendix. The single subframe transmission outperforms the baseline. For instance, when the distance is 300m in freeway scenario, the PRR of the single subframe transmission is about 75%, while that of baseline is only about 50%. When the distance is 150m in urban, the PRR of the single subframe transmission is about 60% while that of baseline is only about 40%.
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Figure 6. Comparison of single subframe transmission and baseline in freeway 140km/h
[image: image7.png]PRR

09

08

07

06

05

04

03

02

01

Urban BOkm/h mode 2 10Hz

baseline

single subfame transmission

50

100

150
distance (m)

200




Figure 7. Comparison of single subframe transmission and baseline in urban 60km/h
Proposal: SA and data are transmitted in the same subframe
4 Conclusions
In this contribution, methods of multiplexing SA and data were compared. We propose the following:
Proposal: SA and data are transmitted in the same subframe
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Appendix: Simulation results of other scenarios

In Figures 8, 9 and 10, the freeway (70km/h) and urban (15km/h 10Hz and 2Hz) scenarios are simulated for mode 2. The single subframe transmission significantly outperforms baseline. For instance, when the distance is 300m in freeway, the PRR of the single subframe transmission is about 52% while that of baseline is only about 22%. When the distance is 150m in urban 15km/h 10Hz, the PRR of the single subframe transmission is about 25% while that of baseline only about 10%. When the distance in 150m in urban 15km/h 2Hz, the PRR of the single subframe transmission is about 30% while that of baseline only about 12%.
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Figure 8. Comparison of single subframe transmission and baseline in freeway 70km/h
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Figure 9. Comparison of single subframe transmission and baseline in urban 15km/h 10Hz
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Figure 10. Comparison of single subframe transmission and baseline in urban 15km/h 2Hz










































SA pool











SA period








Data pool























Data 3




















































































































































































































































































































































































































1 TTI








Resource pool








Data 4





Data 3





Data pool





SA pool





SA pool





Data 4











Data 2















































SA 3

















Data 1





SA 4





SA 2











SA 1











SA 4











Data 2











SA 3





1 TTI





SA 2





SA 1














Data 1








1

