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1 Introduction
At the RAN #70 meeting, a WID for V2V communication was approved. In particular, the following objective needs to be addressed [1]:

3)To identify what are necessary sidelink resource allocation enhancement option(s) among the ones captured in TR 36.885 for V2V services and specify the identified option(s) [RAN1, RAN2] 
At the RAN1 #82b meeting, the following agreements on network control were reached [2]
· Network control aspect

· At least when a UE is inside coverage of an eNB on the carrier where PC5 is performed (i.e., Uu and PC5 share the carrier), the eNB controls at least some parameters that affects UE resource selection.

· eNB control above includes

· Exact resources for transmission or set of resources for UE autonomous selection

In this contribution, solutions to improve the performance R-12 D2D mode-1 for V2V are presented. In particular, solutions to reduce mode-1 signaling overhead are presented.
2 Mode-1 enhancements
In [3], it was shown that R-12 D2D mode-1 provides significantly better performance than mode-2 when applied to V2V communications. However, mode-1 requires more signaling than mode-2. Therefore, it is important to reduce the mode-1 signaling overhead. 
2.1 SPS scheduling instead of dynamic scheduling

The DCI overhead of dynamic scheduling will be analyzed below. According to [5], the average number of CCEs in a UL grant DCI for 10MHz system BW is about 1.3. The highest vehicle density for the urban 15km/h case is 96 vehicles/km/lane; thus, the highest average vehicle number per cell is about 175 vehicles assuming one eNB has 3 cells. V2V messages are sent with a minimum periodicity of 100ms, therefore up to 1.75 DCI per subframe are needed with full dynamic scheduling. This corresponds to 2.28 CCEs per subframe for V2V message scheduling. Note that this overhead is already low: it corresponds to 6% of all PDCCH resources for a 3-symbol PDCCH zone and a 10 MHz system. Even with full dynamic DCI scheduling, the overall control overhead is limited.
Since most of the V2V traffic [4] is periodic in nature, SPS scheduling can be used to reduce overall signaling overhead. A periodically recurring resource can be allocated to a vehicle UE via SPS for an extended period of time. For example, a resource may be used by a vehicle as long as the vehicle travels within a cell. When hand-over is triggered, the vehicle switches to other resources.

For SPS, if a DCI can be transmitted once every N subframes, the overhead is reduced by a factor of N. For instance, if the DCI is transmitted every second, the overhead is reduced by 90%. Table 1 shows the overhead percentage with dynamic scheduling and SPS for different scheduling intervals. As it can be seen, the scheduling overhead can be very low with SPS.
Proposal 1: Semi-persistent scheduling is supported for V2V communication
Table 1: Average overhead of dynamic scheduling and SPS in the five scenarios
	
	Freeway 140km/h
	Freeway 70km/h
	Urban 60km/h
	Urban 15km/h 10Hz message
	Urban 15km/h 2Hz message 

	DCI overhead of dynamic scheduling
	1.92%
	3.84%
	1.54%
	6.16%
	1.23%

	DCI overhead after introducing SPS 
	200ms
	0.96%
	1.92%
	0.77%
	3.08%
	/

	
	1s
	0.19%
	0.38%
	0.15%
	0.62%
	0.62%

	
	2s
	0.10%
	0.19%
	0.08%
	0.31%
	0.31%


2.2 Fast Scheduling Request (SR)
V2V periodic traffic generates packets at multiples of 100ms interval with predictable packet sizes. Even event-triggered messages are transmitted periodically after being triggered. Thus, Buffer Status Report (BSR) may not be needed for each of the periodic component of V2V traffic: one packet of known size will be generated every 100ms. Thus, we suggest not to transmit a BSR following an SR for the periodic V2V traffic. This has two advantages:

· Reduced latency since now the packet transmission can be scheduled immediately after a SR

· Reduced overhead since PUSCH resources are not needed for transmitting the BSR.

The SR/DCI timeline is shown in Figure 1. Upon the reception of an SR for V2V periodic traffic, the serving eNB can immediately schedule appropriate resources. 
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Figure 1. Fast SR.

An overhead analysis of BSR is provided, assuming that the V2V and D2D BSRs are identical. As shown in Table 2 below, the maximum length of BSR is 29 bytes and the average length is 17 bytes. Consequently, a maximum of 2 PRBs are needed to transmit a sidelink BSR with QPSK and rate 1/2 coding.

Table 2: BSR size
	MAC CE
	Subheader
	CRC
	Total

	24 bytes at most, 12 bytes in average
	2 bytes
	3 bytes (24 bits)
	29 bytes or 232 bits at most, 17 bytes or 136 bits in average (assume that there is only a sidelink BSR in the MAC PDU)


Take the scenario of Urban 15km/h as an example to analyze the resource overhead of BSR. According to the discussion in Section 3.1, the average number of dynamic scheduling requests and BSR is 1.75 per TTI and corresponding number of PRBs for BSR is 3.5 in a TTI. Consequently, the overhead of a BSR is 7% for 10MHz bandwidth. Overhead analysis in other scenarios can be found in Table 3, which shows that fast SR can reduce the overhead of BSR drastically. 
Table 3: Overhead of BSR in the five scenarios
	
	Freeway 140km/h
	Freeway 70km/h
	Urban 60km/h
	Urban 15km/h 10Hz message
	Urban 15km/h 2Hz message 

	BSR overhead of dynamic scheduling
	2.18%
	4.36%
	1.75%
	7%
	1.4%

	BSR overhead after introducing fast SR 
	0%
	0%
	0%
	0%
	0%


The overhead analysis of SR is provided also with the scenario of Urban 15km/h as an example. V2V messages are sent with a minimum periodicity of 100ms and SR periodicity is assumed to be 10ms to fulfil latency requirements. The average number of SR per TTI within 10ms is 17.5. Generally, up to 18 SRs can be multiplexed in a PRB pair. Therefore 1 PRB pair should be reserved for SR in case of dynamic scheduling, which corresponds to 2% PRB overhead. The overhead of SR for the five scenarios can be found in Table 4. For fast SR, because there are typically two message sizes, two SR resources are used by one fast SR to indicate different message size instead of BSR. So the overhead of SR with fast SR is twice as much as that with dynamic scheduling. 
Table 4: Overhead of SR in the five scenarios
	
	Freeway 140km/h
	Freeway 70km/h
	Urban 60km/h
	Urban 15km/h 10Hz message
	Urban 15km/h 2Hz message 

	SR overhead (overall extra mode 1 overhead) after introducing fast SR 
	1.25%
	2.5%
	1%
	4%
	0.8%


Observation 1: Fast Scheduling Request could reduce latency and resource overhead.
Proposal 2: Buffer Status Reports are not always transmitted after a Scheduling Request for V2V periodic traffic. Details up to RAN2.
3 Conclusion

In this contribution, it was observed that mode-1 outperforms mode-2. SPS and fast SR are discussed to enhance mode 1 performance and reduce overhead. We propose:
Proposal 1: Semi-persistent scheduling is supported for V2V communication

Observation 1: Fast Scheduling Request could reduce latency and resource overhead.
Proposal 2: Buffer Status Reports are not always transmitted after a Scheduling Request for V2V periodic traffic. Details up to RAN2.
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