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1. Introduction

Synchronization considerations for Type 1 discovery (public safety use case) are discussed in this paper. In public safety use case, an out-of-coverage UE can’t pick up eNB’s timing because the received synchronization signal (e.g. PSS/SSS) transmitted by eNB is not large enough. Our goal is to extend eNB’s timing to the out-of-coverage UE through the D2DSS signal transmitted by the nearby synchronization source. However, when we extend eNB’s timing to an out-of-coverage UE, which is near the cell edge, the UE may receive two different D2DSS signals at the same time from two different nearby in-coverage synchronization sources. The two simultaneously received D2DSS signals will interfere to each other, and the situation is the so-called collision issue for D2DSS. From the simulation results, we found that the collision issue will severely degrade the performance of the SD2DSS detection. In the following sections, we will discuss the effect of the collision issue.
2. Collision Issue as extending eNB’s Timing to an Out-of-coverage UE 
During 3GPP meeting RAN1 #78, RAN1 #79, and RAN1 #80bis, the latest agreements and working assumption related to D2D synchronization are as follows:

1) For RAN1 #78 [1]
Agreement:

· For in-coverage UEs, 

· A maximum of 1 D2DSS resource (comprising a periodically occurring subframe in which D2DSS may be transmitted if the conditions below are satisfied (note that the eNB may reuse resources which are not used for D2DSS transmission)) can be configured per cell for in coverage UEs

· The D2DSS resource periodicity is: 
· The same for in-coverage and out-of-coverage
· Fixed to 40 ms in the specifications

· The D2DSS resource can be configured with a time offset with a granularity of 1 subframe

· The D2DSS resource offset of neighbour cells can be signalled in a SIB w.r.t. SFN#0 of the serving cell with a granularity of 1 subframe
2) For RAN1 #79 [2]
Agreements:

· PD2DSS symbols are adjacent

· No changes in signal design

· SD2DSS symbols are adjacent

· Normal CP symbol locations:

· PD2DSS: l = 1 and 2 in the first slot 
· SD2DSS:  l = 4 and 5 in the second slot

· Extended CP symbol locations:

· PD2DSS: l = 0 and 1 in the first slot 
· SD2DSS:  l = 3 and 4 in the second slot

Agreements:

· D2DSS ID in D2DSSue_net has range {0-167}

· D2DSS ID in D2DSSue_oon has range {168-335}

· PSSID is the same as D2DSS ID

Agreements:

· The order of decreasing priority for synchronisation source selection is as follows:

1. eNBs that meet the Scriterion

2. UEs within network coverage (among which higher priority is given to D2DSS received with higher synchSourceThresh measurement)

3. UEs out of network coverage transmitting D2DSS from D2DSSue_net (among which higher priority is given to D2DSS received with higher synchSourceThresh measurement)

4. UEs out of network coverage transmitting D2DSS from D2DSSue_oon (among which higher priority is given to D2DSS received with higher synchSourceThresh measurement)

3) For RAN1 #80bis [3]
Working Assumption:

· A Rel-13 UE transmitting Type 1 discovery follows one of the following two SLSS transmission behaviours if it transmits SLSS:

· Behaviour 1 (Rel-12 behaviour): The UE in each discovery period transmits SLSS in subframe n determined by Rel-12 behaviour. 

· Behaviour 2: 

· UE in each discovery period in which UE transmits discovery, transmits SLSS every 40ms.

· FFS whether the UE transmits SLSS if it does not transmit a discovery message in a given discovery period. 

· Actual SLSS transmission is subject to other Rel-12 conditions such as WAN prioritization

· The UE also transmits PSBCH in the same subframe of SLSS transmission.

· Same content as PSBCH for Rel-13 communication UEs is used

· FFS if reserved bits of PSBCH are used in Rel-13

· FFS when the UE follows each behaviour.

· It is not intended that the synchronization operation of an out of coverage receiving UE is changed from Rel-12 procedure for detecting another SyncRef UE.

The frame structure for D2DSS synchronization subframe agreed in 3GPP RAN1 meeting is shown in Figure 1. From the figure, the D2DSS synchronization subframe includes 2 primary D2DSS (PD2DSS) symbols, 2 secondary D2DSS (SD2DSS) symbols, 2 demodulation reference signal (DMRS) symbols, 1 gap symbol and 7 physical D2D synchronization channel (PD2DSCH) symbols.

Figure2 shows the illustration of the coverage enhancement of eNB’s timing for an out-of-coverage UE, which is near the cell edge. In the figure, UE0 is the out-of-coverage UE, which is near the cell edge. UE0 may not be able to pick up the eNB’s timing directly when the strength of the received PSS/SSS signal from eNB is not adequate enough. Fortunately, UE0 still may synchronize to the eNB’s timing when there is a nearby in-coverage synchronization source UE1. UE0 may receive the D2DSS sent from the UE1, and then UE0 can synchronize to the eNB’s timing through UE1. Hence, the eNB’s timing may be extended to the out-of-coverage UEs, which are near the cell edge.
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Figure 1: Frame structure for D2DSS synchronization subframe 
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Figure 2: Coverage enhancement of eNB’s timing for an out-of-coverage UE
Observation 1: The eNB’s timing may be extended to the out-of-coverage UEs, which are near the cell edge, through the nearby in-coverage synchronization sources.
The collision issue should be considered when we extend eNB’s timing to an out-of-coverage UE, which is near the cell edge. The illustration of the use case can be shown in Figure 3. In the figure, UE0 is the out-of-coverage UE, which is near the cell edge. UE0 may receive two different D2DSS signals at the same time from two different nearby in-coverage synchronization sources UE1a and UE1b, respectively. The two received D2DSS signals will interfere to each other and the collision issue may occur. An illustration of collision for D2DSS can be shown in Figure 4. In the figure, we can observe that the two different received SD2DSS sequences (SD2DSS1 and SD2DSS2) will interfere to each other, where the PD2DSS sequence is the same and the SD2DSS sequences are different for D2DSS signals transmitted by the two in-coverage synchronization sources.
Observation 2: The collision issue may occur when we extend eNB’s timing to an out-of-coverage UE, which is near the cell edge. And the different received SD2DSS sequences will interfere to each other when collision occurs. 
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Figure 3: The illustration of collision issue when we extend eNB’s timing to an out-of-coverage UE, which is near the cell edge
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Figure 4: An illustration of collision for D2DSS

When the collision issue occurs, there are some drawbacks introduced as follows,

1) Collision occurs in synchronization resource location will degrade the performance of D2DSS detection. It is important to correctly detect the D2DSS signal because the ID of the synchronization source is conveyed by the SD2DSS signal and the ID information will be needed for the detection of PD2DSCH.

2) If collision occurs in synchronization resource location, collision will also occur in the following discovery resource pool location for the D2D UEs who select the timing of D2DSS transmitted by the two different synchronization sources. Because the discovery resource pools for the D2D UEs are located based on frequency division multiplexing (FDM), the near-far effect will degrade the performance of decoding discovery signals for the D2D UEs.
3. Analysis and Discussion for SD2DSS Detection with the Collision Issue
In this section, the SD2DSS detection with the above-mentioned collision issue is analyzed and discussed. For the collision issue, we assume that the out-of-coverage UE receives U D2DSS signals transmitted by U different synchronization sources at the same time, where U is a positive integer number. In other words, U different SD2DSS sequences/patterns will be received at the same time. For simplicity, we set U=2 in this section for the analysis of SD2DSS detection. Besides, two SD2DSS detection methods, including matching-based and differential-matching-based methods, are used to discuss the effect of the collision issue. Moreover, the phase rotation effects caused by the carrier frequency offset (CFO) and timing offset (TO) are introduced for the two SD2DSS detection methods, where both the inter-carrier interference (ICI) caused by CFO and inter-symbol interference (ISI) caused by TO are not considered in the paper.
3.1. A Matching-based SD2DSSS Detection Method
For 1 Tx and 2 Rx antenna case, which is considered in AI 7.2.7 (Study on LTE Device to Device Proximity Services) in [4], the measurement of the matching-based SD2DSS detection method for i-th SD2DSS pattern, Jmatching,i, can be modified by using equal gain combining as follows,
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where Rv,l[k] is the frequency domain received signal at l-th symbol, k-th subcarrier and v-th Rx antenna for v=1,2. Xl,1[k] is the frequency domain desired transmitted SD2DSS signal at l-th symbol and k-th subcarrier. “(·(” is to extract the absolute part value, “*” denotes the complex conjugate operation, L is the number of resource elements of the SD2DSS and SD2DSSi is the SD2DSS pattern allocation set for the i-th SD2DSS pattern. And the Rv,l[k] can be modeled as follows,
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where Wv,l[k] is the frequency domain AWGN at l-th symbol, k-th subcarrier, and v-th Rx antenna for v=1,2. Hv,l,j[k] is the frequency domain channel response at l-th symbol, k-th subcarrier, v-th Rx antenna and j-th SD2DSS transmitted pattern for v=1,2 and j=1,2.

3.2. A Differential-matching-based PSS Detection Method for D2D Synchronization
For 1 Tx and 2 Rx antenna case, the measurement of the differential-matching-based SD2DSS detection method for i-th SD2DSS pattern, Jdiff-matching,i, can be modified by using equal  gain combining as follows,
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where Rv,l[k] is the frequency domain received signal at l-th symbol, k-th subcarrier and v-th Rx antenna for v=1,2. Xl,1[k] is the frequency domain desired transmitted SD2DSS signal at l-th symbol and k-th subcarrier. “Real{·}” is to extract the real part value, “*” denotes the complex conjugate operation, L is the number of resource elements of the SD2DSS and SD2DSSi is the SD2DSS pattern allocation set for the i-th SD2DSS pattern. And the Rv,l[k] can be modeled the same as that in 1 Tx and 2 Rx antenna case in section 3.1.
3.3. Phase Rotation Effect due to CFO for the both SD2DSS Detection Methods
CFO is caused by the mismatch between the transmitter oscillator and the receiver oscillator. In this section, we assume that the CFO is small enough and hence the inter-carrier interference (ICI) caused by the CFO can be neglected. However, the small CFO will still result in phase rotation effect. 

For the 1 Tx and 1 Rx antenna case as an example (i.e. v=1 and v is neglected in the following equations), the phase rotation effect due to CFO in the frequency domain received signal can be expressed as follows,


[image: image8.wmf]2

,1,1,2,2

[]                                      

                     no Tx SD2SS signal

[]

([][][][])[]     2 Tx SD2DSS signals exi

st

s

l

jlNTf

l

lllll

Wk

Rk

XkHkXkHkeWk

p

D

ì

»

í

++

î


where the phase term is in exp{j·2·l·N·Ts·f}, l is the symbol index, N·Ts is the useful symbol duration with unit of sec and f is the CFO with unit of Hz. 

With the above-mentioned phase rotation effect due to CFO in the frequency domain received signal, the measurement of the matching-based SD2DSS detection method for i-th SD2DSS pattern, Jmatching,i, can be derived as follows,
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where we assume that the two SD2DSS patterns are uncorrelated. Besides, we assume that the magnitude of Xl,1[k] is constant and the Hl,1[k] varies slowly enough in the set SD2DSSi, the phase extension of the Jmatching,i, which can be shown in Figure 5, depends on the symbol index l, l=1,2,…,M, for the case of 2 Tx SD2DSS signals exist, and the phase extension range is {2·M·N·Ts ·f}. When the phase extension range is much smaller than 2, i.e. f<<1/M/(N·Ts)=fsub/M where fsub is the carrier spacing with unit of Hz, the phase rotation effect is small. When the phase extension range is lager than 2, i.e. f>1/M/( N·Ts)=fsub/M, the phase rotation effect is significant. For example, assume that the carrier frequency (fc) is 2GHz, carrier spacing (fsub) is 15KHz and CFO=1ppm mismatch, then f=2KHz and the phase rotation effect is small if M<<8. For Rel-12 SD2DSS, M=1 and hence the phase rotation effect with CFO=1ppm is small for the matching-based SD2DSS detection method.

Observation 3: For matching-based SD2SS detection method, the phase rotation effect due to CFO is small as long as f<<fsub where f is the CFO and fsub is the carrier spacing.


[image: image10.emf]·

·

·

2

p(D

f)(NT

s

)

2

p(D

f)M(NT

s

)

·

·

·

·

·

·

·

·

·

·

·

·

·

·

2

p(D

f)(NT

s

)

2

p(D

f)M(NT

s

)

2

p(D

f)(M-1)(NT

s

)

2

p(D

f)2(NT

s

)

2

p(D

f)3(NT

s

)

(a) for a small phase rotation effect  (b) for a large phase rotation effect 


Figure 5: An illustration of phase rotation effect due to CFO for the matching-based SD2DSS detection method 

Similarly, with the above-mentioned phase rotation effect due to CFO in the frequency domain received signal, the measurement of the differential-matching-based SD2DSS detection method for i-th SD2DSS pattern, Jdiff-matching,i, can be derived as follows,
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where we assume that the two SD2DSS patterns are uncorrelated. From the equation, the phase extension of the Jdiff-matching,i is independent of symbol index l and carrier index k for the case of 2 Tx SD2DSS signals exist, and the phase rotation effect due to CFO will not influence the performance of SD2DSS detection by using the measurement Jdiff-matching,i.

Observation 4: For differential-matching-based SD2DSS detection method, it is robust to the phase rotation effect due to CFO. 
3.4. Phase Rotation Effect due to TO for the both PSS Detection Methods

We also assume that the TO is small enough, i.e. the timing is in the range of guard interval, and hence the inter-symbol interference (ISI) will not be occurred. Also, the small TO will still result in phase rotation effect.
For the 1 Tx and 1 Rx antenna case as an example (i.e. v=1 and v is neglected in the following equations), the phase rotation effect due to TO in the frequency domain received signal can be expressed as follows,
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where the phase term is in exp{j·2·k·fsub ·t}, k is the carrier index, fsub is the carrier spacing with unit of Hz and t is the TO with unit of sec. 

With the above-mentioned phase rotation effect due to TO in the frequency domain received signal, the measurement of the matching-based SD2DSS detection method for i-th SD2DSS pattern, Jmatching,i, can be derived as follows,
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where we assume that the two SD2DSS patterns are uncorrelated. Besides, we sssume that the magnitude of Xl,1[k] is constant and the Hl,1[k] varies slowly enough in the set SD2DSSi, the phase extension of the Jmatching,i, which can be shown in Figure 6, depends on the carrier index k, k=1,2,…,Q, for the case of 2 Tx SD2DSS signals exist, and the phase extension range is {2·Q·fsub·t }. When the phase extension range is much smaller than 2, i.e. t<<1/Q/(fsub)=TU/Q where TU=N·Ts is the useful symbol duration with unit of sec, the phase rotation effect is small. When the phase extension range is lager than 2, i.e. t>1/Q/(fsub)=TU/Q, the phase rotation effect is significant. For example, the useful symbol duration TU=66.67sec in LTE, then the phase rotation effect is small if t=1sec and Q<<66. For Rel-12 SD2DSS, Q=62 and hence the phase rotation effect with t=1sec is not small for the matching-based SD2DSS detection method.

Observation 5: For matching-based SD2DSS detection method, the phase rotation effect is small as long as t<<TU/62, where t is the TO and TU is the useful symbol duration.
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Figure 6: An illustration of phase rotation effect due to TO for the matching-based SD2DSS detection method 

Similarly, with the above-mentioned phase rotation effect due to TO in the frequency domain received signal, the measurement of the differential-matching-based SD2DSS detection method for i-th SD2DSS pattern, Jdiff-matching,i, can be derived as follows,
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where we assume that the two SD2DSS patterns are uncorrelated. From the equation, the phase extension of the Jdiff-matching,i is independent of  symbol index l and carrier index k for the case of 2 Tx SD2DSS signals exist, and the phase rotation effect due to TO will not influence the performance of SD2DSS detection by using the measurement Jdiff-matching,i.

Observation 6: For differential-matching-based SD2DSS detection method, it is robust to the phase rotation effect due to TO.
4. Simulation Results for SD2DSS Detection with the Collision Issue
Performance comparisons of detection error probability between matching-based and differential-matching-based SD2DSS detection methods are evaluated over an ITU UMi channel, given a false alarm rate of 10-3. For collision issue considerations, 1, 2, 4 simultaneously received SD2DSS patterns (U=1, 2, or 4) are simulated. Simulation parameters and power delay profile of the ITU UMi channel are shown in Table 1 and Table 2 in Appendix, respectively. The SD2DSS resource allocation is M=1 and Q=62. The small scale fading channel is the ITU UMi channel (urban micro cell for NLOS case [5]) with vehicle velocity (vcar) of 120 km/hr, and the normalized Doppler frequency defined as fd ·TU is 0.0148 where fd is the Doppler frequency and TU is the useful symbol duration. Although the agreements in AI 6.2.7.1 in [6] is that 60 km/hr for outdoor UEs in option 5 and 3km/hr for all other cases, vehicle velocity of 120 km/hr in our simulation still can show the similar important results and can save a lot of simulation time. 

We will show the phase rotation effect due to TO for the two SD2DSS detection methods. From the following simulation results, we are interested in which average SNR is required when the detection error probability achieves 10-2. 

The performance of the matching-based SD2DSS detection methods at TO=0 and TO=1sec over an ITU UMi channel are shown in Figure 7 and Figure 8, respectively. Besides, the performance of the differential-matching-based SD2DSS detection methods at TO=0 and TO=1sec over an ITU UMi channel are shown in Figure 9 and Figure 10, respectively. From Figure 9 and 10, we can observe that the effect of the collision issue (for U=2 and 4) is significant for SD2DSS detection when the differential matching method is used in the receiver. This is because the number of undesired interference terms exponentially increases for the received signals when the number of U increases linearly at the differential matching-based SD2DSS detection method and the U SD2DSS patterns are not completely mutually uncorrelated. Furthermore, from Figure 7 and 8, although the effect of collision issue (for U=2 and 4) is not significant for using matching method in the receiver, but the synchronization error, i.e. 1sec timing offset, will significantly degrade the performance of SD2DSS detection when the matching method is used in the receiver. Therefore, the SD2DSS patterns may not be correctly detected in the receiver when both the collision issue and TO occurs.
Therefore, some indicators adopted to separate the D2DSS resource location for the nearby synchronization sources in the serving cells should be considered to mitigate the collision issue and facilitate the extension of eNB’s timing to an out-of-coverage UE through the nearby synchronization sources.
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Figure 7: Performance of the matching-based SD2DSS detection method with CFO=0 & TO=0 at different number of received SD2DSS patterns over an ITU UMi channel
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Figure 8: Performance of the matching-based SD2DSS detection method with CFO=0 & TO=1sec at different number of received SD2DSS patterns over an ITU UMi channel
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Figure 9: Performance of the differential-matching-based SD2DSS detection method with CFO=0 & TO=0 at different number of received SD2DSS patterns over an ITU UMi channel
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Figure 10: Performance of the differential-matching-based SD2DSS detection method with CFO=0 & TO=1sec at different number of received SD2DSS patterns over an ITU UMi channel
Observation 7: The performance of differential-matching-based SD2DSS detection method is significantly degraded when the collision issue occurs.
Proposal 1: The collision issue should be considered when we extend eNB’s timing to an out-of-coverage UE.
Proposal 2: Some indicators adopted to separate the D2DSS resource location for the nearby synchronization sources should be considered to mitigate the collision issue and facilitate the extension of eNB’s timing
5. Conclusions
We provide the observations and proposals for synchronization considerations for partial and outside network coverage, especially for the collision issue consideration when we extending eNB’s timing to an out-of-coverage UE through nearby synchronization sources, which are:
Observation 1: The eNB’s timing may be extended to the out-of-coverage UEs, which are near the cell edge, through the nearby in-coverage synchronization sources.
Observation 2: The collision issue may occur when we extend eNB’s timing to an out-of-coverage UE, which is near the cell edge. And the different received SD2DSS sequences will interfere to each other when collision occurs. 

Observation 3: For matching-based SD2SS detection method, the phase rotation effect due to CFO is small as long as f<<fsub where f is the CFO and fsub is the carrier spacing.

Observation 4: For differential-matching-based SD2DSS detection method, it is robust to the phase rotation effect due to CFO. 
Observation 5: For matching-based SD2DSS detection method, the phase rotation effect is small as long as t<<TU/62, where t is the TO and TU is the useful symbol duration.

Observation 6: For differential-matching-based SD2DSS detection method, it is robust to the phase rotation effect due to TO.
Observation 7: The performance of differential-matching-based SD2DSS detection method is significantly degraded when the collision issue occurs.
Proposal 1: The collision issue should be considered when we extend eNB’s timing to an out-of-coverage UE.
Proposal 2: Some indicators adopted to separate the D2DSS resource location for the nearby synchronization sources should be considered to mitigate the collision issue and facilitate the extension of eNB’s timing
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7. Appendix
7.1. Simulation Parameters and the Channel Power Delay Profile

Simulation parameters for matching-based and differential-matching-based SD2DSS detection methods are shown in Table 1. For collision issue considerations, 1, 2, 4 simultaneously received SD2DSS patterns (U=1, 2, or 4) are simulated. Besides, the small scale fading channel is the ITU UMi channel (urban micro cell for NLOS case [5]), which the power delay profile can be shown in Table 2.

Table 1.  Simulation Parameters for Matching-based and Differential-matching-based SD2DSS Detection Methods
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Table 2.  Power Delay Profile for ITU UMi for NLOS
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