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1 Introduction

In this paper, we present simulation results for D2D synchronization requirements using simulation assumption [1] with some modification. [1] was spread by e-mail before Ran4#74. Based on the results, we propose our view for it.
2 Simulation assumption
This simulation assumption[1] is considered with more consideration below. 
· Carrier Frequency : 700MHz, 2.5GHz

· For 1st  symbol for AGC
· Puncturing 

· No Puncturing

· Information Bit

· 48bit (currently agreement by Ran1 & Ran2)
· 40bit 
The reason to consider more parameters above is,  

· In Asynchronous case, frequency offset value which is defined with 10ppm depends on carrier frequency. 

· 1st symbol is impacted by AGC operating, so the symbol is probably punctured in UE receiver.

· 48 information bits for PSBCH is agreed by RAN2 36.331 CR currently with a reserved field of size 27 bits instead of 20bit (Ran1 agreement) due to octet alignment reason. However, when considering 1st symbol puncturing due to AGC operation, PSBCH decoding error rate is close to 1.
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
	-
	700MHz/2.5GHz
	700MHz/2.5GHz
	700MHz/2.5GHz

	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 (Sync)
0 (Async)
	{0, 0.2ppm} (Sync)
5ppm (Async)
	{0, 0.4ppm} (Sync)
10ppm(Async)

	1) Relative Delay of 1st Path (synchronous)
	
	0
	0
	CP/2

	2) Relative Delay of 1st Path (asynchronous): Fixed delay
	
	0
	1.5 ms
	3.0 ms

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

	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, EPA5, EVA70

	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

	Asynchronous
	Case 3
	168+23
	168+149
	14

	
	Case 4
	168+30
	168+59
	0


Table 3: Additional simulation parameters

	Simulation parameters
	Comments/values

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

	False detection reference
	< 0.001

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

	Silence period for selection/reselection
	40ms every 2.56sec

	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

	1st symbol for AGC 
	Puncturing in Receiver

	Receive antennas
	2  (uncorrelated)


2.1 Performance metrics

The following performance metrics can be considered
· 90% percentile for SyncRef UE identification delay 
· PSBCH decoding error
3 Simulation results
Table 4 shows SyncRef UE  identified delay of 90% percentile and PSBCH decoding error. 
Table 2. SyncRef UE identified delay and PSBCH decoding error
	
	Carrier Frequency
	700MHz
	2.5GHz

	
	Frequency offset(0.4ppm forSync., 10ppm for Async.)
	Sync.(280Hz)
	Async.(7KHz)
	Sync.(1KHz)
	Async.(25KHz)

	
	Case
	Case1
	Case2
	Case3
	Case4
	Case1
	Case2
	Case3
	Case4

	AWGN
	Identification delay(X*2.56sec)
	1
	1
	1
	1
	1
	1
	N/A
	N/A

	
	PSBCH decoding error(1st Symbol Puncturing & info.bits)
	No Punc.
	48bits
	0.0011
	0.0006
	0.5539
	0.5505
	0.9862
	0.9838
	-
	-

	
	
	
	40bits
	0.0001
	0.0001
	0.4951
	0.4981
	0.0164
	0.0133
	-
	-

	
	
	Punc.
	48bits
	0.9368
	0.9352
	0.9709
	0.9692
	0.9415
	0.9389
	-
	-

	
	
	
	40bits
	0.0001
	0.0001
	0.5019
	0.4895
	0.0036
	0.0037
	-
	-

	EPA5
	Identification delay(X*2.56sec)
	2
	2
	1
	1
	2
	3
	N/A
	N/A

	
	PSBCH decoding error(1st Symbol Puncturing & info.bits
	No Punc.
	48bits
	0.5111
	0.5135
	0.6105
	0.6172
	0.9024
	0.9029
	-
	-

	
	
	
	40bits
	0.4002
	0.4041
	0.5303
	0.536
	0.659
	0.6657
	-
	-

	
	
	Punc.
	48bits
	0.97
	0.9727
	0.9677
	0.9719
	0.9816
	0.9809
	-
	-

	
	
	
	40bits
	0.4022
	0.4024
	0.5167
	0.5219
	0.5368
	0.5454
	-
	-

	EVA70
	Identification delay(X*2.56sec)
	3
	3
	2
	2
	3
	3
	N/A
	N/A

	
	PSBCH decoding error(1st Symbol Puncturing & info.bits
	No Punc.
	48bits
	0.7549
	0.7505
	0.6525
	0.6634
	0.9348
	0.9354
	-
	-

	
	
	
	40bits
	0.6373
	0.642
	0.5749
	0.5631
	0.8083
	0.8154
	-
	-

	
	
	Punc.
	48bits
	0.9892
	0.9851
	0.9782
	0.9751
	0.992
	0.9932
	-
	-

	
	
	
	40bits
	0.6414
	0.6421
	0.5686
	0.56
	0.737
	0.7501
	-
	-


From the table, we can see the following observations considering 3 propagation conditions(AWGN, EPA5, EVA70).
· Observation 1: In Synchronous case, SyncRef UE3 identification delay is 3*Silence_period at SINR of -6dB under both carrier frequency of 700MHz and 2.5GHz.
· Observation 2: In Asynchronous case, SyncRef UE3 identification delay is 2*Silence_period at SINR of -6dB under  carrier frequency of 700MHz.
· Observation 3: In Asynchronous case, SyncRef UE3 is not identified at SINR of -6dB under  carrier frequency of 2.5GHz due to very high frequency offset of 25KHz corresponding to 10ppm.
· Observation 4: In both Synchronous case and Asynchronous case, when considering to puncture 1st symbol of PSBCH  due to AGC operation, PSBCH decoding error rate is close to 1 at SINR of -6dB under information bit number of 48bits.
· Observation 5: In Synchronous case, when considering to puncture 1st symbol of PSBCH due to AGC operation, PSBCH  is decoded with probability equal to or larger than 99% at SINR of -6dB under information bit number of 40bits.
· Observation 6 In Synchronous case & EVA70, when considering to puncture 1st symbol of PSBCH due to AGC operation, PSBCH  is decoded with probability of about 35%  at SINR of -6dB under information bit number of 40bits.
Based on the observations, we propose as below
· Proposal 1: For carrier frequency of 700MHz, SyncRef UE identification delay can be defined as 3*silence_period at SINR of -6dB with the frequency offset of 10ppm.
· Proposal 2: For carrier frequency of 2.5GHz, SyncRef UE identification delay can be defined as 3*silence_period at SINR of -6dB if the frequency offset is lower than 3ppm.
· Proposal 3: RAN4 needs to discuss how to handle the large frequency offset in carrier frequency of 2.5GHz in defining the synchronization performance requirement.
· Proposal 4: When decoding PSBCH, 1st symbol puncturing should be considered due to AGC operation.
· Proposal 5: Current defined information bits of 48 should be changed to avoid bad decoding performance by considering 1st symbol puncturing due to AGC.
4 Conclusion
In this paper, we provided simulation results  for D2D synchronization requirements. From simulation results, we proposed as below . 

· Proposal 1: For carrier frequency of 700MHz, SyncRef UE identification delay can be defined as 3*silence_period at SINR of -6dB with the frequency offset of 10ppm.
· Proposal 2: For carrier frequency of 2.5GHz, SyncRef UE identification delay can be defined as 3*silence_period at SINR of -6dB if the frequency offset is lower than 3ppm.
· Proposal 3: RAN4 needs to discuss how to handle the large frequency offset in carrier frequency of 2.5GHz in defining the synchronization performance requirement.
· Proposal 4: When decoding PSBCH, 1st symbol puncturing should be considered due to AGC operation.
· Proposal 5: Current defined information bits of 48 should be changed to avoid bad decoding performance by considering 1st symbol puncturing due to AGC.
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