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1
Introduction
From previous RAN1 meetings, D2D may operate in different scenarios of within, partial, and out of network coverage. In these scenarios, synchronous D2D operation may provide better performance in terms of interference management, channel utilization, and power consumption, as compared with asynchronous operation. In addition, synchronous D2D operation is also preferred in favor of complying with synchronous operation of LTE. In the scenario of all UEs within network coverage, from RAN1 #74bis, the eNB can be the synchronization source. In scenarios of partial UEs within network coverage, synchronization of UEs out of network coverage may be achieved relying on UEs within network coverage. In the scenarios all UEs out of network coverage, UEs may rely on each other to achieve synchronization. For D2D synchronization, in RAN1 #74bis [1], following working assumption has been agreed:
· Synchronization sources transmit at least a D2DSS: D2D Synchronization Signal

· May be used by D2D UEs at least to derive time/frequency

· May (FFS) also carry the identity and/or type of the synchronization source(s)

· Comprises at least a PD2DSS 

· PD2DSS is a ZC sequence

· Length FFS

· May also comprise a SD2DSS

· SD2DSS is an M sequence

· Length FFS
· Concept for the purpose of further discussion (without implying that such a channel will be defined), PD2DSCH: Physical D2D Synchronization Channel
· May carry information including one or more of the following (FFS):

· Identity of synchronization source

· Type of synchronization source

· Resource allocation for data and/or control signalling

· Data

· others FFS
· A synchronization source is any node transmitting D2DSS 
· A synchronization source has a physical identity PSSID
· If the synchronization source is an eNB the D2DSS is Rel-8 PSS/SSS

· Note: in RAN1#73, “synchronization reference” therefore means the synchronization signal(s) to which T1 relates, transmitted by one or more synchronization source(s). 

In this contribution, we would like to propose, discuss, and analyze mechanisms for D2D synchronization, with particular focus on scenarios of partial and out of network coverage.
2
D2D Synchronization in Partial Network Coverage
To achieve D2D synchronization in scenario of partial network coverage, UEs within network coverage can synchronize with each other by synchronizing with a common synchronization source (eNB or GPS). However, for UEs out of network coverage, a common synchronization source eNB is not available. Hence, UEs within network coverage are proposed to act as synchronization sources. This concept is similar to UE based synchronization [2]. It is also pointed out in [3] that relying on single UE as synchronization source in a local area may be a potential challenege to reach synchronization, and thus the concept of multiple UEs acting as synchronization sources is revealed [3]. In this case, how many and which UE within network coverage should act as synchronization source(s) depend on practical topology of UEs, which is also a potential challenge for UEs. To avoid the topology dependency in the synchronization procedure, all UEs (within and out of network coverage) may act as synchronization sources to transmit D2DSS. Based on this design, each UE within network coverage may forward its D2DSS to neighboring UEs out of network coverage. Each UE out of network coverage can also forward its D2DSS to neighboring UEs out of network coverage, as shown in Fig. 1.
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Fig. 1. Each UE within network coverage may forward its D2DSS to neighboring UEs out of network coverage. Each UE out of network coverage can also forward its D2DSS to neighboring UEs out of network coverage.

Proposal 1. In scernaio of partial network coverage, all UEs should act as synchronization sources to transmit D2DSS.
2.1
Procedure of Synchronization
If all UEs should act as synchronization sources, there are two issues: (i) For each UE, how to select proper timing reference(s) to update its own timing state? (ii) For each UE, how to update its timing state? A solution to these two issues can be:
· These two issues are easily solved for UEs within network coverage by detecting synchronization signals from the eNB. Hence, when a UE starts D2D operation, it detects synchronization signals from an eNB. If synchronization signals from an eNB can be detected, the UE synchronizes with the eNB with similar procedure of cell search. After synchronizing with the eNB, this UE starts to transmit D2DSS and acts as a synchronization source.
· If no synchronization signal from an eNB is detected, a UE (out of network coverage) also acts as a synchronization source to transmit D2DSS. In this case, this D2DSS is not synchronized with those of UEs within network coverage and other UEs out of network coverage. 
· Timing update is performed periodically. At a timing update instant, a UE out of network coverage desides whether to perform timing update according a probability q. This probability is independently held in each UE out of network coverage. q prevents the event that all UEs out of network coverage update their timing reference simultaneously. If a UE out of network coverage decides to update its timing, it randomly selects a certain number of (one to multiple) neighboring UEs to detect the corresponding D2DSS. Denote x0 as current timing reference of the considered UE out of network coverage, and denote x1, x2 ,…, xn as detected timing references of selected neighboring UEs. The UE out of network coverage updates its timing reference according to

[image: image2.wmf]å

=

=

n

i

i

i

x

a

x

0

0


where ai are coefficients satisfying 
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, n is not need to be fixed at each timing update instant. 

· If a UE out of network coverage desides not to update its timing refrerence, it continues to transmit D2DSS with current timing refrerence.
Above procedure can be summarized in Fig. 2. According to above procedure, if a UE neither detects synchronization signals from an eNB nor detects D2DSS from a neighboring UE, its timing refrence update is always x0= x0 (i.e., no update). By procedure in Fig. 2, each UE within network coverage is able to forward its timing reference to UEs out of network coverage. Each UE out of network coverage is able to forward its updated timing reference to other UEs out of network coverage, through exchanging timing references with neighbirhood. 
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Fig.2 Synchronization procedure of partial network coverage
Proposal 2. A solution of D2D synchronization in scenario of partial network coverage can be illustrated in Fig. 2.
2.2
Performance Evaluation
We adopt the simulation assumptions and parameters listed in Table I to evaluate the performance of D2D synchronization. In this simulation, the total number of UEs is 175. Fig. 3 shows the timing difference among 175 UEs during the measurement time under different SINR thresholds when q=0.4. Among 175 UEs, there are 10 UEs within network coverage. Thus, it is assumed to be no timing difference between these 10 UEs and the eNB (timing difference is 0). Between any two UEs, it is assumed that if the SINR of D2DSS exceeds the SINR threshold, the transmitted D2DSS can be successfully detected by the receiver UE of D2DSS. For each UE out of network coverage, initial timing difference to eNB is uniformly distributed within [-5,5] ms.
Table I. Simulation assumptions and parameters for partial network coverage
	Simulation assumptions/parameters
	Value

	Number of UEs
	175

	UE deployment
	Randomly deployed in a 1 km2 area 

	TX power of D2DSS
	23 dBm

	Bandwidth
	10 MHz

	Noise power density
	-174 dBm/Hz

	Path loss model
	PL = 43.3log10(d) + 11.5 + 20log10(fc)

(Indoor NLOS)

	Shadow fading std
	4 dB

	q
	0.4, 0.2

	SINR threshold of synchronization
	0 dB, -6 dB, -12 dB

	D2DSS transmission period
	1 ms

	Timing refrence update period
	1 ms

	Number of UEs within network coverage
	10

	Measurement time 
	500 ms
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(a) SINR threshold=0 dB, q=0.4
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(b) SINR threshold= -6 dB, q=0.4
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(c) SINR threshold= -12 dB, q=0.4

Fig. 3. Timing differences among UEs when q=0.4 in scenario of partial network coverage.
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(a) SINR threshold=0 dB, q=0.2
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(b) SINR threshold= -6 dB, q=0.2
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(c) SINR threshold= -12 dB, q=0.2
Fig. 4. Timing differences among UEs when q=0.2 in scenario of partial network coverage.
Fig. 4 shows the timing difference among 175 UEs during the measurement time under different SINR thresholds when q=0.2. In Fig. 3 and Fig. 4, we particularly highlight the measurement time when timing differences of all UEs are less than 3μs, which is an example indicating an acceptance D2D synchronization. From these results, we have the following observation.
Observation 1. UEs out of network coverage can synchronize with UEs within network coverage can be achieved via all UE acting as synchronization sources. 

3
D2D Synchronization Out of Network Coverage
When all UEs are out of network coverage, there is no timing reference from the eNB. In this case, all UEs can achieve synchronization by only relying on neighboring UEs. 
3.1
Procedure of Synchronization
Synchronization without network coverage can be a special case of synchronization with partial network coverage. In partial network coverage, timing refrence update of UEs within network coverage can be regarded as always aligning with the eNB (i.e., ai for timing refrence of eNB is 1, while ai for timing refrence of neighboring UEs is set to 0). Regarding this similarity, synchronization of UE out of network coverage can be achieved by reusing procedure in Fig. 2.

Proposal 3. In scernaio of without network coverage, all UEs should act as synchronization sources to transmit D2DSS.
Proposal 4. Procedure illustrated in Fig. 2 can be reused for synchronization without network coverage, where synchronization signals from eNB are always unavailable.
3.2
Performance Evaluation

We also adopt the assumptions and parameters listed in Table I for simulation, except that no synchronization signal from eNB is available. For each UE, initial (relative) timing reference is uniformly distributed within [0,10] ms. Fig. 5 and Fig. 6 show the timing difference among 175 UEs during the measurement time under different SINR thresholds when q=0.4 and q=0.2, respectively.
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(a) SINR threshold=0 dB, q=0.4
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(b) SINR threshold= -6 dB, q=0.4
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(c) SINR threshold= -12 dB, q=0.4
Fig. 5. Relative timing reference among UEs when q=0.4 in scenario of without network coverage.
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(a) SINR threshold=0 dB, q=0.2
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(b) SINR threshold= -6 dB, q=0.2
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(c) SINR threshold= -12 dB, q=0.2
Fig. 6. Relative timing reference among UEs when q=0.2 in scenario of without network coverage.
We also highlight the measurement time when timing differences among UEs are less than 3μs. Fig. 5 and Fig. 6 show that timing references of all UEs out of network coverage can align with each other to a certain timing reference value. This value is the timing diference to eNB. Since eNB is absent, UEs out of network coverage operating with an identical timing reference that is different from the timing reference of eNB imvoke no impact between UEs and eNB. Thus, these results are acceptable. 
Observation 2. UEs out of network coverage can synchronize with each other via all UE acting as synchronization sources. 

4
Conclusion

In this contribution, we have the following proposals:
Proposal 1. In scernaio of partial network coverage, all UEs should act as synchronization sources to transmit D2DSS.
Proposal 2. A solution of D2D synchronization in scenario of partial network coverage can be illustrated in Fig. 2.
Proposal 3. In scernaio of without network coverage, all UEs should act as synchronization sources to transmit D2DSS.
Proposal 4. Procedure illustrated in Fig. 2 can be reused for synchronization without network coverage, where synchronization signals from eNB are always unavailable.
The proposed example solution can be a baseline for further development of D2D synchronization.
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