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1. Introduction
Several time synchronization options were listed as follows in RAN#73:

===========================================================================

In cases when at least one external synchronization reference exists, which is always the case at least within NW coverage:
· A UE begins to transmit a D2D signal at the time instance of T1-T2.
· T1 is the reception timing of the synchronization reference

· T2 is an offset which is positive, negative, or zero.
· Option 1: The synchronization reference is derived from the timing of a cell (not precluding the possibility that different cells may be used at different times).
· In this option, the cell may or may not be the serving cell of the UE
· Option 1.1: T2 is fixed in the specification.

· Option 1.2: T2 is configurable by the network.

· Option 1.3: T2 is derived from the PUSCH transmit timing associated with the cell (this option is only applicable in cases when the UE knows the PUSCH timing).
· Option 3: The synchronization reference is a synchronization signal transmitted by one UE 

· Option 3.1: T2 is fixed in the specification.

· Option 3.2: T2 is obtained from the one UE 

· Option 4: The synchronization reference comprises synchronization signals transmitted by more than one UE 

· Option 4.1: T2 is fixed in the specification.

· Option 4.2: T2 is obtained from the UEs 
· Option 5: The synchronization reference is transmitted by an external source, e.g. GNSS

· Other options are not precluded. 
· For D2D discovery signal within NW coverage, Options 1&5 are considered for further study.
· For D2D discovery signal outside NW coverage, Options 3,4&5 are considered for further study.

· For D2D communication signal, Options 1, 3, 4 & 5 are considered for further study.

· At least option 1.3 is supported for within NW coverage
Further study is required for the transmission timing in cases when a synchronisation reference does not exist.
=========================================================================== 
This contribution discusses the synchronization for D2D communications focusing on the case outside network coverage. Discussions on the timing synchronization within network coverage can be found in [1] in relation to the D2D communication signal format.
2. Synchronization procedure for D2D outside network coverage
It is a natural assumption that, in partial coverage scenario, a UE outside network coverage can communicate with a UE within network coverage as long as the two UEs are within the D2D communication range. One challenging case is illustrated in Figure y1 where the out-network UE sees two in-NW UEs, each of which is associated with different cell in an asynchronous cell deployment. If timing Option 4 is adopted in this case, the synchronization reference of the out-NW UE is defined as a function of two asynchronous cell timing references and, as a result, the UE fails to get synchronized with the two in-NW UEs as shown in Figure 1(a).  This problem can be solved by taking timing Option 3 with the clarification that different synchronization reference UEs can be used in different time instances. As illustrated in Figure 1(b), if the out-NW UE uses in-NW UE1 and UE2 respectively in the time resource sets 1 and 2, the UE can maintain the synchronization as long as the two time resource sets do not overlap. This means that each synchronization reference UE is associated with a set of time resource, and a UE can have multiple synchronization reference UEs each of which is associated with non-overlapping time resource set. We note that the association between a reference UE and a set of time resource matches well with the resource allocation method based on clustering and TDM in [2]. We also find a similarity to the concept of the quasi-co-location introduced in Rel-11 CoMP in the sense that a receiver UE maintains multiple synchronization references and one of them is used as the demodulation synchronization reference at a given time instance. This discussion leads to the proposal of adopting Option 3 in consideration of the fact that an external synchronization reference is unavailable in some cases (e.g., UEs in the basement).
Proposal 1: Option 3 (the synchronization reference is a synchronization signal transmitted by one UE) is supported for D2D communication outside network coverage with the clarification that different synchronization reference UEs can be used in different time instances.
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Figure 1. Examples of timing synchronization in the presence of two asynchronous cells for (a) Option 4 and (b) Option 3.

The above-mentioned synchronization method requires a solution to determine the synchronization reference UE (SR-UE) which transmits the synchronization reference signal to the other UEs. If the SR-UE is within the network coverage (e.g., the relay UE), it seems natural for the eNB to configure the SR-UE operation by triggering the transmission of the synchronization reference signal possibly with some related parameter configurations (e.g., the transmission power, the location of synchronization reference signal transmission).
For the UEs outside network coverage, it is beneficial to prioritize the synchronization reference signal from an in-NW UE to facilitate TDM of Uu and D2D at the in-NW UE. When an out-NW UE does not find a synchronization reference transmitted from an in-NW UE, it can decide to become a SR-UE. Here, a certain SR-UE election procedure is necessary in order to avoid the situation where too many UEs declare themselves as SR-UEs. An exemplary SR-UE election procedure is described in the following four steps:
Step 1:  Searches for synchronization reference signal transmitted by SR-UEs

Step 2:  Decides whether to participate in contention for synchronization reference transmission: if it decided to participate in synchronization reference transmission, go to Step 3. If not, go to Step 4.

Step 3: Join one or more SR-UE’s cluster. Use the synchronization reference signal for transmission in the associated time resource.

Step 4: Participate in contention for synchronization reference transmission. 

4-1: Determine the time resource to be used.

4-2: Transmit synchronization reference signal with a random back-off using the determined time resource. 

In Step 2, one of the possible decision criteria can be the strength of received synchronization reference signal. For example, UE can decide to participate in contention only if none of detected synchronization reference signal exceeds predefined threshold. By putting some limitation as such on getting into the contention, it can be prevented too many UEs becomes SR-UEs. In Figure 2, it can be noted that UE #11 and UE #21 can never become SR-UE (since it does not get an opportunity to join the contention in the first place) unless it moves apart enough from its SR-UE to have received synchronization reference signal going below the threshold. 

The contention mechanism here basically follows that of ad-hoc network in 802.11 specification [3]. For example, any UE made to Step 4 can participate in contention starting from setting its back-off timer to a random back-off time. If no other synchronization reference signal is detected for a back-off slot time, the UE decrements its timer. If UE detects synchronization signal from other UEs during its back-off window, it suspends the procedure. Transmission of synchronization reference signal can commence when the back-off timer reaches 0. In performing back-off procedure and determining time resource to use in Step 4, the UE should be able to protect the time resources already reserved by other SR-UEs in its vicinity to avoid possible collision. 

Once a UE wins contention, it serves as a SR-UE sending out synchronization reference signal periodically for selection validity time. When selection validity time expires, the whole contention procedure should start all over again.
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Figure 2. Three possible scenarios of synchronization outside of network coverage

Resource determination in Step 4 may depend on the scenarios shown in Figure 2. For Figure 2(a) and 2(b), SR-UE #2 cannot hear the synchronization signal transmitted from SR-UE #1 while the received signal strength from SR-UE #1 is below the threshold. In this case, in Step 4, SR-UE #2 will apply its own timing in participating contention and reserve time resources independently from SR-UE #1’s. The difference between Figure 2(a) and Figure 2(b) is the existence of a UE who can see both SR-UEs or not. UE# 11 and UE #21 in Figure 2(b) can see both of SR-UE #1 and SR-UE #2. The UEs however, can synchronize to each of SR-UEs at a time and use the time resources associated to its synchronization reference signal as long as they do not overlap each other. Unlike the scenarios mentioned so far, in scenario where SR-UE #2 can hear the synchronization signal transmitted from SR-UE #1 as in Figure 2(c), SR-UE #2 can avoid time resources already reserved by SR-UE #1 in resource determination in Step 4. This will make the coexistence of multiple clusters highly efficient in terms of resource management.
Proposal 2: Within network coverage, the eNB configures a UE to transmit the D2D synchronization reference signal. Outside network coverage, a distributed rule needs to be defined to determine which UE transmits the D2D synchronization reference signal in which resources. This rule should ensure the interference coordination between two closely located synchronization clusters.
3. Synchronization reference signal design
Once a UE is selected as an SR-UE, it transmits the D2D synchronization reference signal. As mentioned by several contributions submitted to RAN1#74, it is advantageous to reuse the LTE PSS and SSS format for the D2D synchronization reference signal as much as possible in order to reuse the existing timing acquisition circuit to the maximum extent. 
One main difference from the current timing acquisition is that, in D2D communications, it is difficult for an SR-UE to transmit the synchronization reference continuously due to the battery consumption and the constraint of half-duplex operation. Thus, as discussed in [4], it is reasonable to have a relatively long period (e.g., 100 ms) for the D2D synchronization reference signal transmission. We note that synchronization is assumed to be reliable for 0.5s in the current power consumption model.
In order to maximize the D2D communication range, the design of D2D synchronization reference signal should provide a reliable detectability in low SINR cases. The detection of synchronization signal can be improved by combining the energy of multiple signal transmissions as in [4]. However, the acquisition delay will increase too much if signal transmissions are combined over multiple transmission periods, especially when a relatively long period is used. In order to overcome this problem, we propose to design the D2D synchronization reference signal as N-times repetition of PSS and/or SSS as illustrated in Figure 3. We note that Figure 3 is just for the purpose of illustration and further study is needed for the detailed design including the PSS/SSS location, repetition number (including the possibility of omitting PSS or SSS), the sequence(s) used for the D2D synchronization signals (including the possibility of varying the sequence over the symbols).
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Figure 3. Two examples of D2D synchronization reference signal with 4 repeated PSS/SSS.
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Figure 4. Performance of synchronization with repeated PSS transmissions (a) probability of sequence detection error and (b) CDF of residual timing error.

Figure 4 shows the detection performance of a synchronization signal which is comprised of N repeated PSS. It can be observed that a small number of synchronization signal transmission is not sufficient to achieve enough synchronization. So, number of symbols used for the synchronization signal transmission should be carefully studied further in consideration of the operation SINR range and tolerable synchronization error in D2D communications.
From the discussions on the association between SR-UE and time resource set, the synchronization reference signal needs to contain the information about the associated resource set. Some other information can be included as well, for example, the transmission power level and the network information (such as the cell ID of the serving cell of the SR-UE) for the network to control D2D transmissions outside its coverage via relay UEs.
Proposal 3: The D2D synchronization reference signal consists of repeated transmissions of PSS and/or SSS. Further study is needed on the details of the signal.
4. Conclusion
This contribution discusses how to achieve synchronization between transmitters and receivers in D2D communications focusing on the operations outside network coverage. The following proposals were made based on the discussions:
Proposal 1: Option 3 (the synchronization reference is a synchronization signal transmitted by one UE) is supported for D2D communication outside network coverage with the clarification that different synchronization reference UEs can be used in different time instances.
Proposal 2: Within network coverage, the eNB configures a UE to transmit the D2D synchronization reference signal. Outside network coverage, a distributed rule needs to be defined to determine which UE transmits the D2D synchronization reference signal in which resources. This rule should ensure the interference coordination between two closely located synchronization clusters.
Proposal 3: The D2D synchronization reference signal consists of repeated transmissions of PSS and/or SSS. Further study is needed on the details of the signal.
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Appendix. Simulation parameters for Figure 4
	Parameter
	Value

	Center frequency
	700MHz

	System bandwidth
	10MHz

	Antenna configuration
	1 Tx, 2 Rx

	Channel model
	ITU UMi NLOS

	UE speed
	Dual mobility 60 x 60 km/h

	Frequency error between Tx and Rx
	Uniformly random in [-10kHz, 10kHz]

	PSS detection
	Per-symbol chip-level correlation, non-coherently combining the correlation of repeated symbols
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