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1
Introduction
D2D synchronization, one of the essential topics applicable to both D2D communication and discovery, has been discussed over several RAN1 meetings. RAN1 has agreed that “A D2DSS can be used for timing and frequency synchronization” [1]. However, regarding the details of D2D synchronization, there are still quite many open issues need to be addressed. For example from RAN1#77 [1], the follow agreement with open issues has been achieved.
Agreements:
· The set of D2DSS that can be transmitted by a UE is divided into two groups:

· D2DSSue_net: A set of D2DSS sequence(s) transmitted by UE when the transmission timing reference is an eNB
· D2DSSue_oon: A set of D2DSS sequence(s) transmitted by UE when the transmission timing reference is not an eNB
· FFS: If multi-hop is supported

· When UE is out of coverage and detected a D2DSS in D2DSSue_net, 

· FFS: whether UE transmits a D2DSS in D2DSSue_net or in D2DSSue_oon or neither

In addition, the synchronization procedure considering UEs with different levels of network coverage (i.e. in-coverage UE and out-of-coverage UE) has not been fully agreed, one example is the triggering condition for D2DSS transmission [2]. Also the procedure for synchronization source selection/re-selection has not been well discussed. In this contribution, we will discuss overall synchronization procedure. Furthermore open issues mentioned above and synchronization source selection/re-selection are addressed as well.
2
D2D synchronization procedure
2.1
Synchronization procedure for UEs with different levels of NW coverage
As described in [3], the objective of the WI is to enable D2D discovery in network coverage and communication in network coverage, in partial network coverage and outside network coverage. As a common procedure applicable to both D2D discovery and communication, looking from D2D system point of view, different levels of NW coverage as mentioned in the WI [3] should be considered when designing synchronization procedure. However, it is worth to point out that from a single UE point of view, the coverage status is either with NW coverage or without NW coverage.
· In-coverage

Comparing to the scenarios with partial coverage or out of coverage, the in-coverage synchronization procedure is reasonably straightforward. As already agreed in RAN1#75, synchronization sources that are eNBs have higher priority over synchronization sources which are D2D UEs, and hence all D2D enabled UEs will connect to the serving cell and derive the synchronization information based on the detected PSS/SSS. The selection of serving cell follows the regular mobility procedure.
· Partial coverage and out-of-coverage
As discussed in [4], the situation becomes a bit more complicated in case of partial NW coverage where some of the UEs that might be communicating with each other are in-coverage while some of them are out-of-coverage. Considering the agreed priority order for synchronization source selection, i.e. that D2DSS from in-coverage UEs have a higher priority than those from out-of-coverage UEs, certain ways for the receiving UEs to differentiate the type of the detected synchronization sources are needed. As agreed in RAN1#77 [1], the set of D2DSS that can be transmitted by a UE is divided into two groups: D2DSSue_net and D2DSSue_oon. In-coverage UEs acting as synchronization source will transmit synchronization sequences from D2DSSue_net and out-of-coverage UEs will transmit synchronization sequences from D2DSSue_oon. Based on which group the detected D2DSS belongs, the receiving UEs will know the received timing reference is originated from an eNB or not. 
Regarding to the synchronization procedure, we first look at the procedure for the in-coverage UEs to support the synchronization of out-of-coverage UEs. As shown in [2] one of the issues to be solved is the trigger for in-coverage to relay synchronization reference from NW, i.e. under which condition the in-coverage UEs should act as a synchronization source. For in-coverage UE to become a synchronization source, there are at least two possibilities as shown in Figure 1:
a. Every UE at coverage border that is configured by eNB to transmit D2D synchronization sequence will transmit D2D synchronization sequence in D2DSSue_net. 
b. Selected UEs to transmit D2D synchronization sequence in D2DSSue_net, one example is only UEs that detect unsynchronized D2D synchronization sequence (unsynchronized compared to NW synchronization reference) from D2DSSue_oon will transmit D2D synchronization sequence in D2DSSue_net. 
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Figure 1 Options for D2DSSue_net transmission
In case (a), the NW will configure all UEs that are on the edge of coverage to transmit D2DSSue_net. In this case it is assumed the network configures the UEs based on certain metrics, e.g. measurements on serving cell signal strength, ratio between the serving and other cell signal strengths, timing advance or other metrics, and specifying and configuring such measurements and metrics may not be straightforward. Once the configured conditions are met, the UE will start to transmit D2D synchronization sequence in D2DSSue_net. One important issue with this option is unnecessary transmissions of D2D synchronization sequence which results in increased power consumption and reduced resource usage efficiency, in particular if D2DSSue_net is transmitted on cellular resource and different UEs transmit with different resources. As illustrated in Figure 1 (a), all configured UEs (1, 2 and 3) will transmit D2D synchronization sequence in this case. UE2 and UE3 have no out-of-coverage UE in their proximity, and therefore the D2D synchronization sequence transmission from UE2 and UE3 is unnecessary.  
For option (b), as the configured in-coverage UEs (for example UEs can be configured beforehand or dynamically configured over the air interface) only transmit D2D synchronization sequence from D2DSSue_net when D2DSS in D2DSSue_oon is detected (e.g. the received power of the detected D2DSS_oon in D2DSSue_oon exceeds X dBm) and the detected D2DSSue_oon is not synchronized to NW. If the in-coverage UE is not transmitting any D2DSS and receives D2DSSue_oon which is already synchronized to NW, the in-coverage UE will not start transmitting D2DSSue_net since the out-of-coverage UE is already synchronized and it can get the timing reference from another in-coverage UE. Only when the unsynchronized D2DSSue_oon is detected, the UE starts to transmit D2DSSue_net. Clearly comparing to option (a) unnecessary transmission of D2D synchronization sequence can be avoided and in-coverage UE power consumption is reduced. 
Further optimizations to reduce the UE power consumption can be obtained as well. For example, if the synchronization source cannot detect any D2DSSue_oon anymore, then the synchronization source UE will stop transmitting D2DSSue_net. Since in this case, it is likely that out-of-coverage UEs moved away from the synchronization source UE or it moved into the area with NW coverage. 
Based on this discussion, it is proposed that:
Proposal 1: In case of partial NW coverage, transmission of D2DSSue_net from in-coverage UEs is triggered by the detection of unsynchronized D2D synchronization sequence (unsynchronized compared to NW synchronization reference) from out-of-coverage UE in order to avoid unnecessary D2DSSue_net transmissions.
In the following we will discuss one open issue from RAN1#77:
· When UE is out of coverage and detected a D2DSS in D2DSSue_net, 

· FFS: whether UE transmits a D2DSS in D2DSSue_net or in D2DSSue_oon or neither.
As discussed above, to avoid unnecessary transmission of D2DSSue_net from in-coverage UEs, it is more efficient if the transmission of D2DSSue_net is triggered by the detected synchronization sequences from out of coverage UEs. When a UE is out of coverage and detected a D2DSS in D2DSSue_net, this out of coverage UE should start to transmit D2DSS in order to continue triggering the transmission of D2DSSue_net. 

If the out of coverage UE starts to transmit a D2DSS in D2DSSue_net, in order to keep the in-coverage UE transmitting D2DSS in D2DSSue_net, in any case there should be a way to differentiate the D2DSS transmitted by UE with NW coverage and UE without NW coverage, which means the synchronization sequences within D2DSSue_net would need to be divided into two sets: one for UEs with NW coverage and another set for out of coverage UEs who can detect a D2DSS from in-coverage UE. 

Another option is the out of coverage UE starting to transmit D2DSS in D2DSSue_oon. Since the D2DSS is transmitted by out-of-coverage UE, we think this is a better solution. In this way, the in-coverage UE will continue transmitting D2DSSue_net if D2DSSue_oon is detected. D2DSS in D2DSSue_oon could be further divided into two sets if necessary. This would allow to give high priority for UEs who can detect D2DSSue_net, for example. In this case one set of sequences can be specified for UEs who can detect D2DSSue_net and the other set for UEs who cannot detect D2DSSue_net. 
Proposal 2: When UE is out of coverage and detected a D2DSS in D2DSSue_net, the UE transmits a D2DSS in order to trigger in-coverage UE to continue transmission D2DSS in D2DSSue_net.
Proposal 3: When UE is out of coverage and detected a D2DSS in D2DSSue_net, the UE transmits a D2DSS in D2DSSue_oon. It is FFS whether different sequences should be used to distinguish between the D2DSSue_oon transmitted from UEs (who can detect and synchronize to D2DSSue_net) and the D2DSSue_oon transmitted from UEs who cannot detect D2DSSue_net.
Proposal 4: If an out-of-coverage UE starts to transmit a D2DSS in D2DSSue_net after the UE has detected a D2DSS in D2DSSue_net, different sequences should be used in D2DSSue_net to distinguish between the D2DSS transmitted from the UE (who can detect and synchronize to a D2DSS in D2DSSue_net) and the D2DSS transmitted from in-coverage UE.


The synchronization procedure for out-of-coverage UEs (e.g. no eNB detected after powering up or cellular connection is lost) is discussed in the following. Before starting D2D operation, a UE scans for any possible existing D2D synchronization sources. If no D2DSS is detected or if the signal quality of the detected D2DSS is lower than a pre-defined threshold, it is considered that no valid D2DSS has been detected and the UE can start transmitting D2D synchronization sequence in D2DSSue_oon. On the other hand, if D2DSS is detected, the UE will synchronize to the detected synchronization source and utilize the derived timing/frequency reference for D2D transmission/reception in a similar way as defined in the current LTE specification. The detected D2DSS can be D2DSSue_net or D2DSSue_oon and, following the agreements in [1], D2DSSue_net has higher priority than D2DSSue_oon. Therefore, in case D2DSSue_net can be detected, the out-of-coverage UE will synchronize to D2DSSue_net. Otherwise, it will synchronize to the detected D2DSSue_oon.
The synchronization procedures for in-coverage UE and out-of-coverage UE are summarized in Figure 2.
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Figure 2 Example synchronization procedure for in and out-of-coverage UEs (high priority D2DSS re-selection is considered)
2.2
Synchronization source selection
Regarding to synchronization source selection, as agreed in RAN1WG, if a UE transmits a D2D signal, the priority rule for selection of timing reference D2D synchronization source is: eNB->in-coverage UEs->out-of-coverage UEs. Still there are open issues listed in TR36.843 such as “

· FFS Stratum level: A UE selects a D2DSS with a smaller stratum level when all the other metrics are the same.

· FFS on further detailed D2D Synchronization Source selection criterion.” 
Clearly the most important criteria for synchronization source selection is the priority rule which should be used in order to get better synchronization accuracy, avoid potential interference, and achieve better resource usage as discussed in [4]. Assuming that D2DSS is relayed further, an indication of how many levels of relaying have been performed can also provide indirect information on the expected accuracy of the detected synchronization sources, similarly to the concept of synchronization strata considered for small cell synchronization. However, given the characteristics of D2D communication scenarios, it is not always guaranteed that a synchronization source with small stratum independent of the original synchronization source (network or UE) is the most reliable one, or the most desirable one to be used as synchronization reference.

For example, let us consider the following situations where a D2D UE detects two D2DSS of different strata:

1) The lower stratum source is relaying synchronization information from the network (i.e. using D2DSSnet), and the higher stratum source is relaying synchronization information from an out of coverage UE (i.e. using D2DSSoon). In this case an algorithm that prioritizes the low stratum source will lead the UE to synchronize to the best synchronization source.

2) Both synchronization sources are relaying synchronization information from an eNB (through D2DSSnet). Also in this case an algorithm that prioritizes the low stratum source will lead the UE to synchronize to the best synchronization source.

3) The higher stratum source is relaying synchronization information from the network (i.e. using D2DSSnet), and the lower stratum source is relaying synchronization information from an out of coverage UE (i.e. D2DSSoon). In this case, even though the accuracy of the lower stratum source is probably better than the higher stratum source, it is clearly beneficial to align D2D transmissions as close as possible to cellular network timing in order to avoid the potential interference between D2D links and cellular links. Here a synchronization algorithm that considers only the stratum information would fail to select the most relevant source for synchronization.

Hence, from the description above it is clear that it is not enough to have information regarding the source transmitting D2DSS itself and potentially the number of relaying hops, but it is also important to have information that allows the UE to determine the characteristics of the original source of synchronization information (i.e. related to network synchronization D2DSSnet or from an independent UE using D2DSSoon). 

The most important characterization of synchronization source is clearly that between an eNB and another UE, but other aspects may be considered if the use cases are found to be relevant, in particular considering the nature of public safety applications. To be more specific, the synchronization source can be further classified into different types according to some criteria, for example, the accuracy of the synchronization reference, the battery limitation (or lack of limitation), and so on. Based on these discussions, we proposed:
Proposal 5: In addition to the agreed priority rule, it is proposed to include stratum level into the criteria for synchronization source selection in case relaying of synchronization information is supported.

2.3
Synchronization source re-selection
As agreed in the RAN1 already, the same prioritization rules should be applied for selection and re-selection of the synchronization sources. D2D synchronization source re-selection can take place due to various reasons including mobility, detecting of synchronization source with higher priority and so on. The following open issues have been identified: “

· FFS on the reselection details including

· When a UE changes its reference synchronization source

· How a UE is provided with time to scan any change on the synchronization sources

· This includes the case where a UE re-evaluates whether to become or remain an independent synchronization source
· Synchronization signal quality”
Regarding to “When a UE changes its reference synchronization source”, clearly the main scenario is the detection of a high priority D2D synchronization source or disappearance of the D2DSS used as reference. To be more specific, 
· Detection of D2DSS with high priority: due to mobility of the mobile D2D devices, it is possible that a D2D synchronization source with higher priority can be detected. Taking UE4 (with the moving path indicated as “UE4 moving path”) in Figure 3 as one example, at the beginning when UE4 starts D2D operation, there is no NW coverage and the detected D2DSSue_oon is transmitted by UE3. Since there is no other synchronization source detected, UE3 becomes synchronization reference for UE4. Meanwhile, UE1 is at coverage border and configured to transmit D2DSSue_net which is used as synchronization reference by UE2. During the movement of UE4, UE4 searches for a possible synchronization source with higher priority and when it moves into the coverage area of D2DSSue_net from UE1, possibly UE4 can detect both D2DSSue_oon from UE3 and D2DSSue_net from UE1. Following the priority rule of synchronization source selection, when the signal strength of detected D2DSSue_net exceeds the threshold e.g. Y dBm, UE4 starts synchronization re-selection procedure and changes its synchronization source from D2DSSue_oon transmitted by UE3 to D2DSSue_net transmitted by UE1. Similarly, when UE4 moves into the coverage area of the eNB, it will take the eNB as its synchronization source. 
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Figure 3 Example of D2DSS re-selection for UE4
· Disappearance of the D2D synchronization source used as reference: if still taking UE4 from Figure 3 as an example, if the direction of UE4’s moving path is changed to the opposite direction, then at the beginning UE4 is synchronized to eNB and then to D2DSSue_net from UE1 followed by D2DSSue_oon from UE3. 
Observation 2: Due to various reasons including mobility, D2D UE will start the synchronization source re-selection procedure when D2D synchronization source with high priority is detected or when the signal quality of the currently synchronized D2DSS becomes exceedingly weak. 
One of the key elements to facilicate synchronization source re-selection procedure is the awareness of other D2D synchronization source, especially the ones with higher priority. When considering how to multiplex D2DSS with different priorities we need to take the following working assumption into account:

· Working Assumption: For both in-coverage and out-of-coverage, a synchronization resource for D2DSS occupies the 6 central RBs of a sub-frame

Hence two different options can be identified: (1) all D2DSS are transmitted with the same resource (overlap in time and frequency) or (2) all D2DSS are transmitted with the same or different frequency resource (partly overlap in time) or (3) they are transmitted in TDM manner. For option (1), different synchronization sequences can be used to indicate the priority of the synchronization source. There is no problem for a UE to detect the D2DSS if the UE does not transmit any D2DSS of its own. However, one clear issue resulted from option (1) is that the UEs which are transmitting low priority D2DSS do not have chance to detect other D2DSS due to the half-duplex operation. Option (2) can solve the problem by defining different transmission periodicity for synchronization sequences with different priority. For example the synchronization sequence with highest priority is transmitted with a shorter periodicity and the synchronization sequence with lower priority is transmitted with longer periodicity. In this way the UEs transmitting low priority synchronization sequences will have chance to detect high priority D2DSS, but not the other way around. Clearly the problem is the potential interference among the synchronization sequences. Another problem is longer periodicity could lead to unsatisfied synchronization performance. Option (3) can solve the problem by defining completely different transmission timing instance for D2D synchronization sequences with different priority. One example of multiplexing D2DSS with different priorities is illustrated in Figure 4. In this way, the UE transmitting D2DSS can detect the D2DSS from other UEs coming in different subframes and there is no interference among different D2DSS with different stratum levels. As a consequence, different sequences to differentiate the D2DSS with different priority is necessary, as that would then give implicit indication of the actual reference time indicated by the different D2DSS. 
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Figure 4 Example of multiplexing D2DSS with different stratum levels
Proposal 6: TDM can be used for multiplexing D2D synchronization sequences transmission (in case they are having the common synchronization source) with different priority or stratum levels in order to facilitate the synchronization source re-selection.
3
Conclusion

In this contribution, firstly we discussed the synchronization procedure for the scenarios with different level of network coverage. And based on the analysis we have the following proposal:
Proposal 1: In case of partial NW coverage, transmission of D2DSSue_net from in-coverage UEs is triggered by the detection of unsynchronized D2D synchronization sequence (unsynchronized compared to NW synchronization reference) from out-of-coverage UE in order to avoid unnecessary D2DSSue_net transmissions.

Considering the open issue on out-of-coverage UE, the following proposals and observations:
Proposal 2: When UE is out of coverage and detected a D2DSS in D2DSSue_net, the UE transmits a D2DSS in order to trigger in-coverage UE to continue transmission D2DSS in D2DSSue_net.
Proposal 3: When UE is out of coverage and detected a D2DSS in D2DSSue_net, the UE transmits a D2DSS in D2DSSue_oon. It is FFS whether different sequences should be used to distinguish between the D2DSSue_oon transmitted from UEs (who can detect and synchronize to D2DSSue_net) and the D2DSSue_oon transmitted from UEs who cannot detect D2DSSue_net.
Proposal 4: If an out-of-coverage UE starts to transmit a D2DSS in D2DSSue_net after the UE has detected a D2DSS in D2DSSue_net, different sequences should be used in D2DSSue_net to distinguish between the D2DSS transmitted from the UE (who can detect and synchronize to a D2DSS in D2DSSue_net) and the D2DSS transmitted from in-coverage UE.


Regarding to synchronization source selection and re-selection, we proposed:
Proposal 5: In addition to the agreed priority rule, it is proposed to include stratum level into the criteria for synchronization source selection in case relaying of synchronization information is supported.

Observation 2: Due to various reasons including mobility, D2D UE will start the synchronization source re-selection procedure when D2D synchronization source with high priority is detected or when the signal quality of the currently synchronized D2DSS becomes exceedingly weak. 
Proposal 6: TDM can be used for multiplexing D2D synchronization sequences transmission (in case they are having the common synchronization source) with different priority or stratum levels in order to facilitate the synchronization source re-selection.
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