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1 Introduction
At RAN1 #75 meeting, some working assumptions were made on synchronization [1]:  
· 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). 
This contribution analyzes synchronization for D2D communication for the partially-in-coverage scenario which may be extended to a group across cells, provides a solution for partially-in-coverage cluster formation and synchronization, and then proposes a design on synchronization signals of different priorities. 
2 Synchronization Source(s)/Mechanism in Case of Partially-in-coverage Scenario
There are both centralized and distributed mechanisms for synchronization with each having their own advantages and disadvantages as analyzed in [2] and [3]. In this section, a discussion on the necessity of partially-in-coverage cluster is first analyzed, and then a suitable synchronization source/mechanism for a partially-in-coverage cluster formation is presented. 
UEs synchronizing to a synchronization source form a cluster, and the synchronization source is a cluster head. The cluster and cluster head are concepts for physical layer synchronization purpose which is different from groups in higher layer [4]. 
Under the current assumption, all in-coverage UEs synchronize to the network and form in-coverage clusters, and those out-of-coverage UEs may form out-of-coverage clusters. Those out-of coverage UEs close to the infrastructure coverage may form a partially-in-coverage cluster, if possible, because:
·  In-coverage UEs track their timing and frequency based on the eNB’s downlink transmissions, therefore an in-coverage UE is a better synchronization reference than an out-of-coverage UE, which has no reference to track. Hence, it is beneficial to enable out-of-coverage UEs to synchronize to an in-coverage UE so that the out-of-coverage UE is indirectly synchronized to the eNB.

· Out-of-coverage UEs but close to the boundary of network coverage may interfere with the in-coverage UE’s communication. In this case, a partially-in-coverage cluster synchronized to network could mitigate the interference. 

· An in-coverage cluster may have to split into multiple clusters if some of UEs lose connection with network due to mobility. One example was given in [5]: a firefighter group first synchronizes to network, some members of the group may enter into the building and lose the signal of network (out of coverage) while the other members can still hear the network (in coverage). In this case, all the UEs in the group can form a partially-in-coverage cluster to facilitate communication. 
Therefore, it is necessary to have a partially-in-coverage cluster wherever possible. While the out-of-coverage UEs are not able to receive an eNB’s signal correctly, an in-coverage UE could behave as the synchronization source/cluster head by sending synchronization reference acquired from the eNB for out-of-coverage UEs. As a result, one or some in-coverage UEs need to have the ability to send a synchronization signal at the coverage boundary when needed.

One question is how an in-coverage UE decides to send synchronization signal. In general, an eNB may not know which potential in-coverage UE is located close to its coverage boundary, not to mention the existence of out-of-coverage UEs. Thus, one possibility is that an eNB could randomly designate some in-coverage UEs to become cluster heads for potential partially-in-coverage D2D communication. Or an in-coverage UE could request to be a cluster head in case of a higher layer trigger, or autonomously transmit synchronization signal after detecting a lower priority synchronization signal. Also, since the eNB is in control of the proximity criteria, it can use some measurements from the UEs do determine which UE(s) should be cluster heads.
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Figure 1. One possibility of partially-in-coverage cluster formation
Continuing the firefighter team example, once those out-of-coverage UEs fail to detect network signal, they may send a waking signal to trigger the nearby in-coverage UEs to relay synchronization obtained from eNB. 
· The waking signal could be such that it accelerates link reestablishment with the eNB and initiates partially-in-coverage cluster formation. 
· The waking signal can simply be a synchronization signal to reduce standardization, effort and the mechanism may easily be extended to in-coverage groups across asynchronous cells (to wake UEs in neighboring cells to relay their eNB’s synchronization for communication) and out-of-coverage UEs as well. (Similarly, if out-of-coverage UEs who send synchronization signal can be received by in-coverage UEs, the waked in-coverage UEs will send synchronization signal to assist the out-of-coverage UEs to synchronize to the network.) 
In order to distinguish an in-coverage UE, the synchronization level may need to be classified based on synchronization accuracy and stability. For example, eNB has the highest priority, synchronization reference from a UE not getting synchronization from an eNB has lower priority at least than one-hop relayed synchronization obtained from an eNB.
If the waking signal is received by more than one in-coverage UE, the multiple waked UEs can randomly decide to send synchronization signal, or send the signal in an SFN manner in order to strengthen the synchronization signal strength. 
Proposal 1: An in-coverage UEs relays eNB synchronization once it receives a waking signal.
A cluster head provides both coarse synchronization and fine synchronization for the UEs inside the cluster (see companion contribution [6] for more details). The transmit power of D2DSS can be set by the eNB with which the cluster head is associated for a fully or partially in-coverage cluster so as to manage interference. While for out-of-coverage clusters, if no interference will be generated to (partially) in-coverage clusters, then the UEs can transmit at maximum power; alternatively, a predefined transmit power can also be used to meet the interference requirement of most cases. 
Proposal 2: Cluster head should be in RRC connected state when in coverage.
Proposal 3: Transmit power of synchronization signal should be decided by eNB when (partially) in coverage; maximum or predefined transmit power is used when out of coverage.  

3 Precision level of synchronization signal 
Generally there is a tracking difference between the acquired synchronization reference and the original signal. In order to prevent the accumulation of inaccuracies, a synchronization signal of too low precision should not be relayed. Hence every synchronization signal should carry some information about its precision level. 
The precision level of a synchronization signal relates to multiple factors, e.g., the precision level of the original source, and how many hops it has been relayed. If a synchronization signal sent by a UE without GPS is defined to be the lowest precision level, then UEs receiving this synchronization signal should not to relay it further. Otherwise, UEs can continue to relay it with decreased precision level until it reaches the lowest level. 
Synchronization signals of different precision levels should be differentiated. On the other hand, it is better if UEs located between UEs transmitting synchronization signals of different levels can receive a stronger composition of the two synchronization signals. As a result, synchronization signals of different precision levels occupying different number of OFDM symbols are proposed as shown in figure below, and in an OFDM symbol that multiple levels occupy, the same ZC sequence for all the involved levels is transmitted.  For example, the first symbol in the figure can be used.
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Figure 2. Sync signal of different levels
With this structure, UEs transmitting lower level of synchronization signal can easily receive higher level of synchronization signal with more synchronization symbols. However, if a synchronization signal considerably misaligns with the timing of currently transmitting synchronization signal, the synchronization signal can be mistakenly detected as a higher level of synchronization signal. For example, a level 4 signal arrives late enough at the timing of the 2nd symbol of a level 4 synchronization signal, which makes it look like a higher level 3 synchronization signal. Therefore, a UE transmitting synchronization signal has to cease transmission to listen so as to confirm the precision level. Alternatively, UEs transmitting synchronization signal can randomly cease transmission and switch to listen in transmission chances to receive higher level of synchronization signal.   

Proposal 4: Precision level of synchronization signals can be conveyed by the resources.
4 Conclusion
This contribution discusses synchronization sources in different scenarios, and the following proposals are provided: This contribution first analyzes synchronization for D2D communication in the partially-in-coverage scenario which may be extended to group across cells, and provides a solution for partially-in-coverage group formation and synchronization, then proposes a design on synchronization signal of multiple levels.
Proposal 1: An in-coverage UEs relays eNB synchronization once it receives a waking signal.
Proposal 2: Cluster head should be in RRC connected state when in coverage.

Proposal 3: Transmit power of synchronization signal should be decided by eNB when (partially) in coverage; maximum or predefined transmit power is used when out of coverage.  

Proposal 4: Precision level of synchronization signals can be conveyed by the resources.
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