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1 Introduction
At the RAN1 #82b meeting, some agreements on scheduling assignment were made [1]:
· Scheduling assignment

· Each data transmission is scheduled by an SA.

· FFS whether SA and Data are not transmitted on separate physical channels:

· In case of separate channels, study whether SA pool and data pool are orthogonal or can overlap.

· FFS whether SA and data from a single transmitter can be transmitted in the same subframe

· Study the number of transmissions of a given TB

· Study the number of transmissions of a given SA

· FFS whether a single SA may schedule multiple TBs

· FFS whether the time/frequency resources of a given SA is independent of the time/frequency resources of the associated data

For D2D, data follows its scheduling SA on PC5 in a TDM manner and is transmitted 4 times. In this contribution, we explain how a better data and SA multiplexing can enhance performance, and how having a variable, potential smaller number of transmission is beneficial for the overall system. 
2 SA and data multiplexing in Rel-12 D2D
The performance of R-12 D2D SA and data multiplexing is shown in this section.
2.1 Rel-12 D2D SA and data 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 TDMed SA and data of Rel-12 D2D
2.2 Baseline performance 
In this section, we evaluate by means of system simulation the performance of baseline(the legacy D2D Rel-12 TDMed SA and data for mode 2). The evaluation is done according to [2]. The freeway (140km/h) and urban scenarios (60km/h) are simulated. Each UE randomly selects resource for data in time domain and frequency domain in the data pool. 
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Figure 2. Bseline(TDMed SA and data) performance in freeway and urban scenario
Figure 2 shows the Packet Reception Ratio (PRR) according to distance. As it can be seen, the PRR drastically decreases with distance. At a distance of 300m in the freeway scenario, the PRR is 60% while at the distance of 150m in the urban 60 km/h scenario, the PRR is only 40%. 

One of the things that limit performance is the SA collisions. When data and SA are TDMed, there might not be enough resource for the SA:
· One issue is the SA pattern: with the current SA pattern design, the number of available SA resources is rather low.
· Another issue is the half duplex problem: when a UE transmits, it cannot listen. The half duplex issue occurs twice: once for SA, once for data. 
A simple solution to these two problems is to use frequency division multiplexing for SA and data. This solved the SA pattern problem since all the subframes of the SA period can be used for SA transmission, and reduces the half duplex problem, since if data and SA are transmitted in the same subframe, the half duplex issue occurs only once. 
3 SA transmitted in its data subframe
In this section, we show that transmitting an SA and its associated data in the same subframe significantly improves performance. In the remainder of this contribution, this type of multiplexing is called 'same subframe transmission'. 
SA and data could be in either different pools or the same pool. Transmitting SA and data in the same subframe is beneficial since:
· both SA and data can use all the subframes of an entire SA period; 
· the unoccupied frequency resource in SA pool can be used for data transmission; thus improving multiplexing efficiency
· it reduces the half duplex problem since with the existing D2D scheme, half duplex transmission can affect the packet of a data transmission packet twice: when the SA is transmitted, and when the data is transmitted. 
The SA pool and the associated data pool can be FDMed in the same subframe but in different pools as shown in Figure 4. A UE can receive data in any subframe. Note that this multiplexing impacts the single carrier property and requires sharing transmission power  between SA and data. However, given that V2V communication is short range, there is no link budget problem, and slightly increasing the PAPR does not affect performance. 
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Figure 3. Example 1 of FDMed SA and data.
Another possibility is also to have the SA and the associated data FDMed in the same subframe and in a same pool as shown in Figure 4. Consecutive frequency resources are used for SA and the associated data per UE compared to the previous example. 
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Figure 4. Example 2 of FDMed SA and data
3.1 Simulation results
In Figure 5, we compare the performance of the baseline and the same subframe transmission (example 1) via system level evaluation. The performance is shown for the freeway (140km/h) and urban scenarios (60km/h) for both mode 1 and mode 2. Resource selection is random both in time domain and frequency domain. More details of simulation assumptions are according to [2]. Results for other scenarios can be found in Appendix I. 
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a) Mode 1
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b) Mode 2
Figure 5. Comparison of same subframe transmission and baseline in freeway and urban scenario
The same subframe transmission significantly outperforms the baseline. For instance, for mode-2, when the distance is 300m in freeway scenario, the PRR of the same subframe transmission is about 90%, while that of baseline is only about 60%. When the distance is 150m in urban, the PRR of the same subframe transmission is about 60% while that of baseline is only about 40%. For mode-1, the performance is even more impressive.
Proposal 1: SA and its associated data are FDMed in the same subframe.
4 Variable number of transmissions
For D2D, the number of transmissions is fixed for communication. V2V is a type of D2D service. However, the V2V scenarios are quite different than what was considered for Rel-12 D2D: 
· Number of terminals (density): it is much higher for V2V since in Rel-12, D2D communication was for public safety UEs only. For instance, only 3 communication sessions per cell at average are assumed in simulation [3]. With V2V, there could be up to hundreds of vehicles per cell. 
· Packet size: Rel-12 D2D was designed with voice service in mind. For V2V, the data packet size is larger. The typical message size of V2V data packet is 50-300bytes. 
· Latency: 100ms is the maximum latency for V2V packets (see Table 1) which is a much more stringent latency requirement than what can be accomplished for D2D communication. 
· Communication range: the communication range requirement of D2D can be up to 2.5 kilometers. This range may require multiple transmissions of the same data packet in order to lower the code rate. For V2V, the communication range only needs to be at most 320 meters as shown in Table 1. On such a short distance, higher effective code rates can be used.
Table 1: Example parameters for V2X Services

	
	Effective range
	Absolute velocity of a UE supporting V2X Services
	Relative velocity between 2 UEs supporting V2X Services
	Maximum tolerable latency
	Minimum application layer message reception reliability

	#1 (suburban)
	200m
	50kmph
	100kmph
	100ms
	90%

	#2 (freeway)
	320m
	160kmph
	280kmph
	100ms
	80%

	#3 (autobahn)
	320m
	280kmph
	280kmph
	100ms
	80%

	#4 (NLOS / urban)
	100m
	50kmph
	100kmph
	100ms
	90%

	#5 (urban 
intersection)
	50m
	50kmph
	100kmph
	100ms
	95%


Table 1 shows that the communication range of interest varies from 50m to 320m, which is shorter than the 2.5km considered for D2D. A smaller number of transmissions, e.g. 1 or 2 is better than fixed 4. On the other hand, emergency cars have higher priority and reliability requirements and may need to broadcast their information as far as possible so that more vehicles can receive the information and clear the road in advance. Thus, more retransmissions are beneficial in this case.  .
The simulation is based on Rel-12 TDMed SA and data (Figure 1). Both  mode 1 and mode 2 performance are provided below. 
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Figure 6. Comparison of 4 and 2 transmissions in freeway and urban scenarios with different TTIs for SA in mode 1
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Figure 7. Comparison of 4 and 2 transmissions in freeway and urban scenarios with different TTIs for SA in mode 2
There are less resources for data transmission when the number of SA subframes increases. Less data transmissions consumes less resources, thus reduces collisions and leads to more successful receptions. More SA subframes also are beneficial to reduce SA collisions. Therefore, variable number of transmissions should be considered for V2X.
Proposal 2: The number of V2V transmissions can be variable. 
5 Conclusions
In this contribution, FDMed multiplexing of SA and data, and variable number of transmissions are discussed and compared with baseline. Based on the performance gain, we propose the following:
Proposal 1: SA and its associated data are FDMed in the same subframe.
Proposal 2: The number of V2V transmissions can be variable. 
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Appendix I: Simulation results of same subframe transmission in other scenarios 
In Figure 8, the freeway (70km/h) and urban (15km/h 10Hz and 2Hz) are simulated for mode 2. The same subframe transmission significantly outperforms baseline. For instance, when the distance is 300m in freeway, the PRR of the same subframe transmission is about 60% while that of baseline is only about 30%. When the distance is 150m in urban 15km/h 10Hz, the PRR of the same subframe transmission is about 15% while that of baseline only about 5%. When the distance in 150m in urban 15km/h 2Hz, the PRR of the same subframe transmission is about 65% while that of baseline only about 45%.
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Figure 8. Comparison of same subframe transmission and baseline in mode 2
In Figure 9, the freeway (140km/h, 70km/h) and urban (60km/h, 15km/h 10Hz and 15km/h 2Hz) are simulated for mode 1. The same subframe transmission significantly outperforms R-12 mode 1. 
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Figure 9. Comparison of same subframe transmission and R-12 mode 1 in all scenarios in mode 1
Appendix II: Simulation results of different transmission number in other scenarios 
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Figure 10. Comparison of 4 and 2 transmissions in the rest scenarios with different TTIs for SA in mode 2
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