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1 Introduction
At the RAN1 #82b meeting, agreements on network control were reached [1]:
· 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.

· When a UE operates PC5 in a carrier where no cell is detected but it is inside coverage of an eNB in another carrier (i.e., different carriers for Uu and PC5), network may control at least some parameters that affects UE resource selection.

· At least when the PC5 and Uu carriers are allocated to the same operator, RAN1 assumes that eNB has at least some controls. FFS for the other cases. 

· UE autonomous resource selection can be configured for a UE inside network coverage.

· eNB control above includes

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

· FFS: other parameters
And

· Semi-persistent scheduling from eNB for PC5 transmissions

In this contribution, a performance evaluation of R-12 D2D  mode-1 is presented. Enhancements for D2D mode 1 are discussed to reduce the signalling overhead.
2 Mode-1 performance

Figure 1 below shows the PRR for mode-1 and mode-2 under the same conditions for the freeway 140km/h scenario. It can be seen that mode-1 significantly outperforms mode-2.
Observation: mode-1 significantly outperforms mode-2 
  
[image: image3.jpg]PRR

0.9
0.8
0.7
0.6
0.5
04
03
0.2
0.1

Highway 140km/h

]

™~

—

N

\\

U
N

—mode2 I~
—mode-1 [l

100 200

300 400 500 600
distance (m)





Figure 1. Performance for baseline and R-12 D2D mode 1
3 Mode-1 enhancements
R-12 D2D mode 1 provides better performance than mode-2. Mode-1 requires more signalling than mode-2. However, some simple enhancements can reduce mode-1 overhead. 
3.1 SPS scheduling instead of dynamic scheduling

Most of the V2V traffic [2] is periodic in nature. SPS scheduling was designed and can be used for periodic messages to reduce overall signalling 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 for as long as the vehicle travels within a cell. When hand-over is triggered, the vehicle switches to other resources.
According to [3], the average number of CCEs in a UL grant DCI for 10MHz system BW is about 1.3. The highest vehicle density from 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 message are sent with a minimum periodicity of 100ms, therefore up to 1.75 DCI per subframe is needed with fully dynamic scheduling. This corresponds to 2.28CCEs 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. 
If a DCI is 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 

Table 1: Average overhead of dynamic scheduling and SPS in the five scenarios
	
	Freeway 140km/h
	Freeway 70km/h
	Urban 60km/h
	Urban 15kmk/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%


Proposal 1: SPS are considered to reduce the overhead of DCI in mode 1.

3.2 Fast SR

V2V periodic traffic generates packets at multiple of 100ms interval with predictable packet sizes. Thus, many BSRs do not need to be transmitted, as shown in Figure 3: normally, in addition to the SR, the UE should also send a BSR. However, because the message is predictable for CAM-type periodic traffic, the BSR does not always need to be sent. Upon the reception of such a SR, the serving eNB can immediately schedule appropriate resources. 

[image: image2.emf]SR

DCI

SA 

pool

data 

pool

SA 

pool

data 

pool

Can be as short 

as 1ms


Figure 3. Fast SR.
Proposal 2: Fast Scheduling Requests are considered to reduce overhead and latency for mode 1.
4 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:
Observation: mode-1 significantly outperforms mode-2 
Proposal 1:  SPS are considered to reduce the overhead of DCI in mode 1.
Proposal 2: Fast Scheduling Requests are considered to reduce the latency in mode 1.
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