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1. Introduction
In the last meeting RAN1 #75, the following was agreed as working assumptions: 
· Working Assumption:
· Before starting to transmit D2DSS, a UE scans for synchronization sources

· If a synchronization source is detected, the UE may synchronize its receiver to it before it may transmit D2DSS

· UEs may transmit at least D2DSS derived from D2DSS received from a D2D synchronization source.

· Details of under what circumstances a UE transmits D2DSS are FFS

· If a UE transmits D2DSS, the rules for determining which source the UE uses as the timing reference for its transmissions of D2DSS are as follows:

· Synchronization sources which are eNBs have a higher priority than synchronization sources which are UEs

· FFS whether synchronization sources which are UEs within network coverage have a higher priority than synchronization sources which are UEs outside network coverage

· Note that this would imply that there is a means to distinguish between a D2DSS transmitted by a UE in coverage and a D2DSS transmitted by a UE out of coverage

· Other details are FFS (including timing advance details)

· If no synchronization source is detected, a UE may nevertheless transmit D2DSS

· A UE may reselect the synchronization source it uses as the timing reference for its transmissions of D2DSS if the UE detects a change in the synchronization source(s)

· Detailed rules FFS

· At a given time, the reference point in time for the D2D signal transmission time is derived from at most one D2DSS

· Note that “one D2DSS” might in practice in some situations be comprised of SFN transmissions from multiple synchronization sources (although of course this is not visible to the receiver).

In this contribution, remaining aspects of D2D synchronization procedure are discussed.

2. Discussion
2.1. Basic procedure for D2D synchronization
The working assumption in Section 1 requires a solution to determine the synchronization reference UE (SR-UE) which transmits D2DSS 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 D2DSS possibly with some related parameter configurations (e.g., the transmission power, the location of synchronization reference signal transmission). As it is typically assumed that D2DSS from an SR-UE is transmitted in a periodic manner, the eNB needs to know the time/frequency location in which D2DSS is periodically transmitted; it will be difficult for the eNB to avoid collision between D2DSS and Uu transmissions otherwise.
For the UEs outside network coverage, it is beneficial to prioritize D2DSS transmission from an in-NW UE to support TDM of Uu and D2D at the in-NW UE. When an out-NW UE does not find a D2DSS transmitted from an in-NW UE, it can decide to become an 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 D2DSS transmitted by SR-UEs

Step 2:  Decides whether to participate in contention for D2DSS transmission: if it decides to participate, go to Step 4. If not, go to Step 3.

Step 3: Join one or more SR-UE’s cluster. Use the time resources associated with received D2DSS which it is synchronized to for D2D transmission

Step 4: Participate in contention for D2DSS transmission. 

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

4-2: Transmit D2DSS with a random back-off using the determined time resource. 

In Step 2, one of possible decision criteria can be the strength of received D2DSS. For example, UE can decide to participate in contention only if none of detected D2DSS 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 1, it can be noted that UE #11 and UE #21 do not 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 nearby SR-UEs to the point all of the received D2DSS go below the threshold. Another possible criterion is the number of hops the received D2DSS is relayed, and a UE can decide to participate in the contention when the received D2DSS reached the maximum hop limit so further relaying is not possible.
The contention mechanism for SR-UE election basically follows that of ad-hoc network in 802.11 specifications [2]. For example, any UE entering Step 4 can participate in contention starting from setting its back-off timer to a random back-off time. If no other D2DSS is detected for a back-off slot time, the UE decrements its timer. If UE detects D2DSS from other UEs during its back-off window, it suspends the procedure. Transmission of D2DSS 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 the contention, it serves as an SR-UE sending out D2DSS periodically for a predefined time period. When the time period expires, the whole contention procedure should start all over again. This will guarantee a fair battery usage among candidates for an SR-UE and also provide a method for adaptation to the network and traffic dynamics.
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Figure 1. Three possible scenarios of synchronization outside of network coverage

Resource determination in Step 4 may depend on the scenarios shown in Figure 1. For Figure 1(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. Unlike Figure 1(a) and 2(b), in scenarios where SR-UE #2 can hear D2DSS from SR-UE #1 as in Figure 1(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 interference coordination. The difference between Figure 1(a) and Figure 1(b) is the existence of a UE who can see both SR-UEs or not. UE# 11 and UE #21 in Figure 1(b) can see both of SR-UE #1 and SR-UE #2. The UEs can synchronize to each of SR-UEs at a time and use the time resource set associated to its D2DSS. It is also possible that even SR-UE #1 and SR-UE #2 in Figure 1(b) are synchronized to each other as they are in Figure 1(c), if D2DSS is relayed by non SR-UEs such as UE #11 and UE#21
Proposal 1: Within network coverage, the eNB configures a UE to transmit the D2DSS. Outside network coverage, a distributed rule needs to be defined to determine which UE transmits the D2DSS in which resources. This rule should ensure the interference coordination between two closely located synchronization clusters.
2.2. Relaying synchronization signal
It also can be beneficial to relay D2DSS. For example, UE #11 and UE#10 in Figure 1 can relay D2DSS received from its SR-UE, SR-UE #1. Likewise, UE #21 and UE #22 can relay D2DSS received from SR-UE #2. The main purpose of relaying D2DSS is in two folds: collision resolution and coverage extension. 

· Collision resolution: By UEs relaying D2DSS received from its SR-UE, the SR-UE can ensure its D2DSS is transmitted without collision and thus successfully elected as SR-UE.  In addition, possible collision in resource selection between nearby SR-UEs can be avoided. In Figure 1(b), SR-UE #2’s timing is asynchronous to SR-UE #1’s meaning that there is possibility that the time resource set chosen by SR-UE #1 and SR-UE #2 overlap each other. If UE # 11 in between relays SR-UE #1’s D2DSS, SR-UE #2 can also be synchronized to SR-UE #1’s timing and select its time resource set not to collide with SR-UE #1’s. 

· Coverage extension: If a UE at the edge of a cluster relays D2DSS, the UEs outside the cluster can be synchronized to it and communicate with the UEs inside. For example, in Figure 1(c), if UE #11 relays D2DSS received from SR-UE #1,  UE #22 can also be synchronized to SR-UE #1’timing for some time instances and communicate with UE #11. It should be noted that without relaying, UE #22 cannot be synchronized to SR-UE #1 since it is located out of SR-UE #1’s coverage.
Assuming that D2DSS can be relayed at most N hops (the value of N is FFS), on detection of SR-UE, a UE may act as a relay SR-UE as long as the received D2DSS has lower hop than N. Figure 2shows an example of transmission timing of D2DSS with relaying. The relaying transmission of D2DSS can basically be in the form of SFN. In other words, the time/frequency resource of n-hop D2DSS is predetermined from the reception of (n-1)-hop D2DSS. Regarding the relaying timing, it may be possible that the relaying transmission immediately follow after the SR-UE’s transmission of D2DSS as in Figure 2(a) or after a certain time gap as in Figure 2(b). How to define the time gap is FFS and the processing time required to prepare the relaying operation needs to be considered. 
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Figure 2. D2DSS relaying
If received D2DSS is N-hop relayed, even though the signal quality meets the minimum requirement, a UE will not be allowed to relay the synchronization. In that case, according to the procedure described in 2.1, the UE can act as a SR-UE by selecting orthogonal resource set from detected SR-UE, attend and win the contention. For such SR-UEs, it may not be appropriate to use the term ‘independent’ synchronization source. They rather can be seen as dependent since they derive their transmission timing and choose their resource set based on the detected SR-UE’s. It was noted that using this procedure, interference coordination between closely located SR-UEs can be achieved in a distributed manner.
Proposal 2: D2DSS can be relayed via a UE. A UE receives D2DSS with the maximum hop count can generate a new D2DSS.
Figure 3 presents how the time synchronization within a D2D cluster and possibly among closely located D2D clusters can be attained using the above-mentioned contention based D2DSS transmission procedure and how resource reservation for the following D2D communication works.  In this figure, we assumed UE #1 and UE #2 start election procedure sequentially and UE #2 picks a larger number for its back-off timer. Since UE #1 does not receive any D2DSS sent from other SR-UEs at step 1, it decides to become a SR-UE itself and attend the contention. By attending the contention, it means the UE chooses a random back-off timer and starts to decrement it by one if it senses no D2DSS during a back-off slot. One back-off slot may consist of more than one symbol. Decrementing the timer continues until it reaches zero. Upon the expiration of back-off timer, UE #1 starts D2DSS transmission and reserves some periodic time resources marked as time resource set 1. Which resource to use can be contained in PD2DSCH and be broadcasted. UE #2 on the other hand, during its back-off procedure, receives D2DSS transmitted from UE #1. It then at step 2, decides whether to join the contention or not. If the criterion discussed above is met, UE #2 can join the contention, provided that the contention happens only on the time resource sets not taken by UE #1 and the resource reservation is limited to them (which is time resource set 2 in the Figure 3). It can be seen SR-UE #1 and SR-UE #2 can coexist by sharing the resource in TDMed manner even they are closely located to each other. The detailed structure of a time resource set can be found in [1]. 
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Figure 3. Time synchronization between closely located clusters

It should be also noted that the duration of D2DSS transmission can be flexible so that the subframe timing between interfering clusters can be synchronized while avoiding collision between potential SR-UEs. The duration of D2DSS transmission can be adjusted for instance by adapting the number of repetitions: For example, we can define normal transmission of D2DSS as 4 times repetition, and for some exceptional cases such as when back-off timer expires in the middle of a subframe whose boundary is set by a precedent SR-UE, 4+n times repetition is allowed. The number of n depends on how many symbols are left to the starting point of the next subframe from the point the UE’s back-off timer expires. In Figure 3, SR-UE #2 at the first time of D2DSS transmission adjusted its duration to make its subframe boundary well aligned to the SR-UE #1’s and to preempt the resource. If we assume one back-off slot consists of 2 SC-FDMA symbols and one subframe of 14 SC-FDMA symbols, the D2DSS duration is extended for another 4 symbols to fill up the gap. In the figure, for simplicity in explanation assumed PD2DSCH transmission comes after D2DSS. However, it is also possible PD2DSCH is located differently. The detailed structure of D2DSS and its repetition scheme are discussed in [3]. 
2.3. Determining timing reference
It is possible that a UE detects multiple D2DSS. In this case, to which D2DSS the UE should be synchronized to derive D2D transmission timing may depend on the hop count and the origin of the D2DSS it received. Some basic decision rules in selecting timing reference among multiple D2DSS are as follows.

· D2DSS with low hop count should be prioritized over large hop count: UE derives its transmission timing from the D2DSS with lowest hop count.

· D2DSS originated from UEs inside network should be prioritized over D2DSS originated from UEs outside networks: UE derives its transmission timing from the D2DSS originated from inside network.

These two rules conflict to each other when a D2DSS originated from UEs inside network has larger hop count than the D2DSS originated from UEs outside network. This problem can be easily solved if we put a priority on either of which. One way is to prioritize D2DSS originated from UEs inside network regardless of its hop count unless it exceeds a predefined number. This seems a desirable approach if we consider that at a certain count of hops from inside network we can hardly expect any impact of D2D communications on WAN communications. This can also be implemented by having out- NW UEs start with non-zero hop count. By doing so, selecting the D2DSS with lowest hop count can guarantee that D2DSS originated from inside network is chosen over outside network as long as its hop count is smaller than the starting hop count of out-NW UEs.

In addition to hop count and synchronization type, minimum quality in received signal should also be considered when UE selects its reference timing. Checking the minimum quality requirement can be regarded as a preliminary and any D2DSS which does not meet the requirement can be eliminated from the selection procedure in advance of applying the selection rules. In other words, a UE does not select D2DSS with the lowest hop count or originated from inside network if its received quality is too bad to provide reliable synchronization performance. Also, it is needed to consider putting highest priority on signal quality if no received D2DSS passes the minimum quality requirement. For example, when there is no D2DSS with minimum signal quality, it would be beneficial to choose the D2DSS with best signal quality over the others regardless of its hop count, synchronization type and so on.
On the other hand, a UE in need of user traffic relaying to/from the network may put a lowest priority on the D2DSS in which it has failed to find a Network-UE relay. A Network-UE relay can be found by looking at the ‘UE mode of operation’ field in discovery message [4] after the UE acquires synchronization.  Once a UE fails to find a Network-UE relay with a D2DSS selected by the selection rule discussed above, the UE deprioritizes the D2DSS by, for example, setting the hop count of which to the lowest or putting penalty on calculation of the signal quality so that it can be effectively eliminated in the next selection procedure. The UE should keep performing the selection procedure while it succeeds in finding a Network-UE relay.
Since discovery message can be read only after synchronization, the previous procedure may become highly inefficient when a UE searches for a Network-UE relay. Therefore, it can be useful providing additional information with regard to the user traffic relaying at the stage of D2DSS selection. For example, PD2DSCH may include relay capability bit to indicate the existence or possibility of a Network-UE relay that is associated with the D2DSS [3]. When a single in-NW UE transmits D2DSS and it is equipped with the relay capability, it can set the corresponding field to “capable” in the PD2DSCH it transmits. When a group of in-NW UE transmit D2DSS in an SFN-manner, the eNB can indicate how to set the relay capability field in the transmitted PD2DSCH. Using this method, a UE looking for a Network-UE relay can put a higher priority to such D2DSS to avoid a situation it keep synchronized to a D2DSS sent by non-network-UE relay.
As mentioned in section 2.1, it is needed to reselect D2DSS once in a while due to fairness and network/traffic dynamics issues. In other words, a synchronization cluster, which is created by an SR-UE selection and D2DSS relaying, has finite validity duration, and the overall procedure is performed again after the expiration. There are two basic options for reselection with regard to the recognition of D2DSS change:

· Immediate reselection: On detection of D2DSS change, a UE immediately redo the D2DSS selection procedure and can be synchronized to other D2DSS.

· Periodic reselection: D2DSS has finite validity duration and when it expires UE should redo the selection procedure

For D2DSS reselection, in particular, additional information such as expiration time may be needed. This is because it is possible that the UEs synchronized to the same D2DSS have different notion of the validity duration of the D2DSS unless the information is provided via PD2DSCH. The detailed explanation on each field can be found in [3].

Proposal 3: When selecting timing reference among multiple D2DSS, the following can be considered:

· Number of hops from the synchronization source

· Whether the D2DSS is originated from in-NW UEs or out-NW UEs

· Received signal quality
3. Conclusion
This contribution discusses D2D synchronization procedures. The followings are proposed:
Proposal 1: Within network coverage, the eNB configures a UE to transmit the D2DSS. Outside network coverage, a distributed rule needs to be defined to determine which UE transmits the D2DSS in which resources. This rule should ensure the interference coordination between two closely located synchronization clusters.
Proposal 2: D2DSS can be relayed via a UE. A UE receives D2DSS with the maximum hop count can generate a new D2DSS.
Proposal 3: When selecting timing reference among multiple D2DSS, the following can be considered:

· Number of hops from the synchronization source

· Whether the D2DSS is originated from in-NW UEs or out-NW UEs

· Received signal quality
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