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1 Introduction

In this paper, we present simulation results for V2V synchronization requirements using simulation assumption [1]. Based on the results, we propose our view for it.
2 Simulation assumption
The simulation assumptions are modeled after the cell identification simulations, with prior knowledge of SyncRef UE 1 and SyncRef UE 2, and the UE is expected to identify a higher priority SyncRef UE 3 with SINR of -6dB. Note that when the SLSS transmissions from SyncRef UE 1 and SyncRef UE 2 are SFNed (i.e., when they are synchronous), they cannot be individually identified. The description in this paper is kept general for brevity.

Table 1: Simulation assumptions for SynchRef UE identification

	Parameter
	Unit
	SyncRef UE 1
	SyncRef UE 2
	SyncRef UE 3

	Carrier Frequency
	-
	5.9GHz
	5.9GHz
	5.9GHz

	System bandwidth
	RB
	50
	50
	50

	SLSS transmission bandwidth
	RB
	6
	6
	6

	Utilization of non-SLSS subframes for Data/SA transmission
	%
	100
	100
	100

	Relative PSD on non-SLSS subframes relative to SLSS subframes
	dB
	0
	0
	0

	Data Modulation
	-
	QPSK
	QPSK
	QPSK

	Frame Structure Type
	-
	1
	1
	1

	CP Length
	-
	Normal
	Normal
	Normal

	Frequency Offset relative to UE frequency reference
	Hz
	0 
	{0, 0.2ppm} 
	{0, 0.4ppm} 

	Relative Delay of 1st Path 
	
	0
	0
	CP/2

	Ior/Ioc
	dB
	Test 1: 5.18
	Test 1: 0.29
	Test 1:  1.25

Test 2:  0.25

Test 3: -0.75

	Number of Tx antennas
	-
	1
	1
	1

	SLSS ID
	-
	See Table below
	See Table below
	See Table below

	SLSS resource (Note 1)
	-
	Resource ‘A’
	Resource ‘A’
	Resource ‘A’

	Propagation Condition
	-
	AWGN, [ETU500], [EVA2700],

	Ioc Model
	-
	AWGN

	Note 1: In the system, there are SLSS resources corresponding to sync-OffsetIndicator1 and sync-OffsetIndicator2, respectively. The two resources are labelled here as ‘A’ and ‘B’.


Table 2: SLSS IDs of the SyncRef UEs

	Synchronous/Asynchronous
	Case
	SyncRef UE 1
	SyncRef UE 2
	SyncRef UE 3

	Synchronous
	Case 1
	168+30
	168+30
	30

	
	Case 2
	168+119
	168+119
	119


Table 3: Additional simulation parameters

	Simulation parameters
	Comments/values

	Prior knowledge of SyncRef UE 1 and SyncRef UE2 by the UE
	Yes

	False detect threshold 
	As resulting from PSBCH false CRC pass 

	UE having apriori knowledge of SyncRef UEs being synchronous or asynchronous 
	No

	Silence period for selection/reselection
	40ms every 2sec

	Performance criterion for comparison
	90th percentile of the required time for SyncRef UE 3 identification and successful PSBCH decoding

	Phase continuity between PSSS and SSSS from a SyncRef UE
	Not assumed

	Margin for AGC training
	[1] SLSS sampling period (40ms)

	Receive antennas
	2  (uncorrelated)


2.1 Performance metrics

The following performance metrics can be considered
· CDF of the SyncRef UE3 identification delay

· 90% percentile for SyncRef UE identification delay 
3 Simulation results
Figure1, Figure2 and Figure3 show CDF of UE3 identification delay at AWGN, ETU500 and EVA2700 respectively.
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Figure1. UE3 identification delay at AWGN
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Figure2. UE3 identification delay at ETU500
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Figure3. UE3 identification delay at EVA2700

Table 4 summarizes SyncRef  UE3  identified delay of 90% percentile based on the figures . 
Table 2. SyncRef UE3 identified delay and PSBCH decoding error
	Carrier Frequency
	5.9GHz

	Frequency offset
	[0 0 0]ppm
	[0 0.2 0.4]ppm

	SINR of UE3[dB]
	-8
	-7
	-6
	-5
	-4
	-3
	-8
	-7
	-6
	-5
	-4
	-3

	AWGN
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	ETU500
	4
	3
	2
	2
	2
	2
	4
	3
	3
	2
	2
	2

	EVA2700
	3
	3
	3
	2
	2
	2
	4
	3
	3
	2
	2
	2


From the table, we can see the following observation. 
· Observation 1: SyncRef UE3 identification delay requires up to 3 silence periods at SINR of -6dB.
· Observation 2: SyncRef UE3 identification delay requires up to 2 silence periods at SINR of -3dB.
And, comparing V2V operating range with D2D, we can expect that V2V has higher SINR than D2D.  The reason is V2V operating range is smaller than D2D.

· Observation 3: V2V side condition can be higher than that of D2D regarding operating range.
4 Discussion  
For addressing the requirement related to synchronization(selection/reselection SyncRf UE), we have to see differences between V2V and D2D in addition to the above observation based on the simulation.  There are two main differences, i.e, SLSS period cycle and high speed. For SLSS period cycle, V2V is 5 time longer than D2D communication.  It means that relative opportunity of SLSS transmission in V2V is lower than D2D. And moving out V2V operation coverage by high speed  should not be considered in the requirement.  
In D2D, detection time of SyncRef UE is defined as 20 seconds at SCH Es/Iot ≥ -4 dB, provided that the ProSe UE is allowed to drop a maximum of 2% of its transmission at the physical layer for the purpose of SyncRef UE selection / reselection.

Here, same principle of D2D can be used to address selection/reselection requirement.

For V2V, detection time of 20seconds is not desirable, since it is too long to keep same side condition and operation coverage regarding movement due to high speed. So it needs to  be shortened. And for a maximum dropping rate, the observed silence periods of 3 from simulation results and the SLSS period cycle of 200ms for V2V can be considered. 
Table 3 shows moving distance vs. velocity. Regarding actual operation of V2V, the detection time of SyncRef UE is reasonable the value which corresponds to moving distance to be lower than 500m from table3. 
 Table 3. moving distance[m] vs. velocity

	Velocity [km/h]
	30
	280
	500

	1 sec
	8
	78
	139

	2 sec
	17
	156
	278

	3 sec
	25
	233
	417

	4 sec
	33
	311
	555

	5 sec
	42
	389
	694


If the detection time of SyncRef UE is defined with 2 seconds, there are 10 opportunities to detect SLSS  in 2 seconds assumming SLSS period cycle of 200ms. So, based on the simulation results at SINR of -6dB, 3 silence periods means dropping rate of 30%(600ms/2000ms). 2 silence periods at SINR of -3dB means dropping rate of 20%(400ms/2000ms).

 If the detection time of SyncRef UE is defined with 3 seconds, 3 silence periods at SINR of -6dB and 2 silence periods at SINR of -3dB means dropping rate of 20% and 14% respectively. 
Based on the observation and analysis, we propose as follows.
· Proposal 1: For V2V, detection time of SyncRef UE is defined as 3 seconds at SCH Es/Iot ≥ -3 dB, provided that the V2V UE is allowed to drop a maximum of 14% of its transmission at the physical layer for the purpose of SyncRef UE selection / reselection.
5 Conclusion
In this paper, we provided simulation results and analysis for V2V synchronization requirements. From the things, we proposed as follows. 

· Proposal 1: For V2V, detection time of SyncRef UE is defined as 3 seconds at SCH Es/Iot ≥ -3 dB, provided that the V2V UE is allowed to drop a maximum of 14% of its transmission at the physical layer for the purpose of SyncRef UE selection / reselection.
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