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1
Introduction
The study report on radio aspects for D2D proximity services is provided in [1]. In particular, it includes the following working assumptions on signal design for D2D synchronization:
A D2D Synchronization Source transmits at least a D2D synchronization signal (D2DSS).

· The transmitted D2DSS may be used by a UE to obtain time and frequency synchronization. 

· The D2DSS transmitted by a D2D Synchronization Source which is an eNodeB shall be the Rel-8 PSS/SSS. 
· The structure of D2DSS transmitted by D2D Synchronization Sources other than the eNodeB is defined in Section 7.1.
· Working assumption: A synchronization source has a physical layer identity known as PSSID.
Working Assumption:

Before starting to transmit D2DSS, a UE scans for D2D Synchronization Sources. 

· If a D2D 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 D2D Synchronization Source the UE uses as the timing reference for its transmissions of D2DSS are described in Section 7.2.2.

· If no D2D Synchronization Source is detected, a UE may nevertheless transmit D2DSS.

· A UE may reselect the D2D Synchronization Source it uses as the timing reference for its transmissions of D2DSS if the UE detects a change in the D2D Synchronization Source(s). 

· Detailed rules FFS
Working Assumption:

If a UE transmits a D2D signal, the rules for determining which D2D Synchronization Source the UE uses as the timing reference for its transmissions of D2D signal are
· D2D Synchronization Sources which are eNodeBs have a higher priority than D2D Synchronization Sources which are UEs;

· D2D Synchronization Sources which are UEs in-coverage have a higher priority than D2D Synchronization Sources which are UEs out-of-coverage;

· After giving priority to D2D Synchronization Sources which are eNodeBs, followed by UEs in-coverage, selection of D2D Synchronization Source is based on at least the following metrics:
· Received D2DSS quality: 

· For example, a UE selects a D2DSS with a better received signal quality when all the other metrics are the same.
· FFS whether to define the measurement for received D2DSS quality.
· 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.

· FFS on how D2D Synchronization Source type and stratum level can be carried by D2DSS/PD2DSCH.
This contribution discusses some of the FFS aspects in the above working assumptions, particularly, on “FFS on details of under what circumstances a UE transmits D2DSS” and on “FFS on further detailed D2D Synchronization Source selection criterion.”
2   Design Aspects for Inter-cluster Synchronization
Time synchronization schemes discussed in RAN1 can be categorized into intra-cluster, flat and inter-cluster synchronization, among which inter-cluster synchronization scheme is feasible for D2D broadcast communication [2]. In this section, we investigate how to allocate resources for synchronization signal as well as channel (if required) considering inter-cluster synchronization. For the simplicity of exposition, we first define required terms as the following:
Terminology for this contribution
· SSUE (Synchronization Source UE): the D2D UE transmitting D2DSS as ISS or DSS
· SRUE (Synchronization Receiver UE): the UE receiving D2DSS and not transmitting D2DSS
· SH (Synchronization Head): the SSUE providing time reference to SRUEs within a cluster
· ISS (Independent Synchronization Source): the eNB or the D2D UE transmitting D2DSS as synchronization source with its own time reference
· DSS (Dependent Synchronization Source): the D2D UE transmitting D2DSS as synchronization source with time reference driven from ISS
· VSS (Volunteering SSUE): the SSUE providing time reference to SHs and not providing time reference to SRUEs
2.1
Brief summary of inter-cluster synchronization
In [2], we showed the performance of inter-cluster synchronization in terms of timing difference within UEs and power consumption aspects. Key idea of inter-cluster synchronization is to make a common timing within SHs with the help of intermediating VSSs. SH is a synchronization head to give time reference to a cluster. SHs are generally ISS for out-of-network coverage, while some SHs in network coverage may be DSS. When a D2DUE scans and finds multiple asynchronous D2DSSs from SHs, it takes a role as VSS. D2DSS (and PD2DSCH if required) from VSSs should be distinguishable from the one from SHs. There is no need for VSSs to distinguish each other. It means that common D2DSS (and PD2DSCH if required) is utilized for VSSs [4]. Each SH monitors VSS timing and adjusts its own timing when it detects a signal from a VSS. Each VSS monitors SH timing and adjusts its own timing when it detects a signal from an SH. It should be noted that SHs don’t need to monitor other SHs when intermediating VSSs exist. For the same reason, VSSs don’t need to monitor other VSSs as well. It means that neighbor SHs can be synchronized via only SH-VSS interaction. Details of resource allocation considering SH-VSS interaction are referred to [3]. 
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Figure 1: The concept of inter-cluster synchronization
Figure 1 shows the topological concept supporting intra-cluster and inter-cluster synchronization. Each SH has the intra-cluster formation comprising a SH, DSSs and SRUEs. Meanwhile, SH-1, VSS and SH-2 are operated in the inter-cluster formation. It means that SH-1 and VSS have a timing interaction, so do SH-2 and VSS. We investigate the criteria for D2DUEs to become or select synchronization source and detailed procedures of SHs and VSSs for inter-cluster synchronization.
2.2
Conditions to establish synchronization source
In accordance to the agreed working assumption, it is decided that a UE may become SH if existing SHs are not detected after scanning, or it may derive timing for D2DSS transmission from one of existing SHs if detected. Therefore all D2DUE become either SHs or SRUEs under this basic clustering scheme. Since we shown that basic clustering scheme has a low synchronization performance [2], we should make neighbor clusters being synchronized. There are two approaches for inter-cluster synchronization, tree (hierarchical) and flat method. Tree-based approach requires message passing to construct and maintain root node and leaf nodes, so it has generally large overheads or latency proportional to O(log N). Simple rule to construct tree does not guarantee large size of cluster. For example by assuming a rule, “High cluster ID wins”, many clusters remain small except some clusters with high cluster ID. Therefore we choose flat algorithm based on SHs and VSSs in the same level for the low complexity and high synchronization performance. DSSs are not the component of inter-cluster synchronization, but intra-cluster synchronization. In flat algorithm perspectives, conditions to establish VSS are considered additionally. In Figure 1, D2DUEs located between SH-1 and SH-2 can find two SHs and one of D2DUEs becomes VSS with the own timing reference. The reason why VSSs have the internal reference is time adjustment based on flat relation within SHs and VSSs. They adjust the own timing according to reception of D2DSSs, but do not always derive timing from others. Details algorithms are described in sub-clause 2.5.
Observation 1: Flat algorithm is preferred than hierarchical one, if low overhead and high performance are required.
Proposal 1: The D2DUE transmits D2DSS(/PD2DSCH) according to internal timing reference, if at least two SHs are found and any VSS is not found.
2.3 Criteria to select synchronization source
There can be several criteria to select synchronization source, such as received D2DSS quality, the stratum level or etc. If D2DUE timing is always derived from synchronization source based on the criteria, the frequent change of timing will bring about high power consumption to track asynchronous D2DSSs and the instability to operations. It is beneficial for D2DUEs to keep synchronous among them for certain time duration. In this sense, keeping association to a cluster is beneficial so cluster ID can be a key criterion to select synchronization source. Identifying the associated cluster enables periodic scanning at the unit of cluster [4]. Also, periodic scanning is simple because it does not consider message-based SSUE management. 
Observation 2: Cluster ID is a useful criterion to enable cluster-based periodic scanning.
Proposal 2: D2DUE performs scanning periodically, if the power saving and the stability are required.
2.4
Procedures to establish and select synchronization source
Detailed conditions to establish SHs, VSSs, DSSs and SRUEs are described in this sub-clause.
The D2DUE searches for PSS/SSS and for D2DSS(/PD2DSCH) transmitted by SHs;

i. The D2DUE derives timing from a cell among detected cells, if PSS/SSSs are detected.

ii. If PSS/SSS is not detected, the D2DUE scans the predetermined time duration (e.g. synchronization period). According to scanning, the D2DUE decides to take a role among SH, DSS, VSS or SRUE:
A. (SH) The D2DUE transmits D2DSS(/PD2DSCH) according to internal timing reference, if any SH or DSS with stratum level under maximum is not found.
B. (DSS) The D2DUE transmits D2DSS(/PD2DSCH) derived from the associated SSUE, if any SH or DSS with stratum level under maximum is found and the D2DUE is associated to one of them (e.g. smallest stratum level).
C. (VSS) The D2DUE transmits D2DSS(/PD2DSCH) according to internal timing reference, if at least two SHs are found and any VSS is not found.
D. (SRUE) The D2DUE does not transmit D2DSS(/PD2DSCH), if any DSS with maximum stratum level is found or any VSS is found.
2.5  Timing adjustment for inter-cluster synchronization
SHs and VSSs have a common rule for timing adjustment when they detect timing from each others. We assume internal oscillator or counter is used for time synchronization. The oscillator is assumed to have a maximum phase value 1. The phase value is increased per time unit and is reset to 0 when it reaches to 1. The phase value is corresponding to the synchronization interval. Here are several parameters to be used for timing adjustment.
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: Inactive phase duration to avoid errors due to propagation delay. It is set according to 2 times of expected propagation delay.
If asynchronous timing is detected, the internal phase value is adjusted as the following condition:
· If 
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If the condition is fulfilled, the next phase value is decided as the following equation:
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3   Conclusion
Based on the discussion identified observations in this contribution, we propose followings:
Observation 1: Flat algorithm is preferred than hierarchical one, if low overhead and high performance are required.
Observation 2: Cluster ID is a useful criterion to enable cluster-based periodic scanning.

Proposal 1: 

The D2DUE transmits D2DSS(/PD2DSCH) according to internal timing reference, if at least two SHs are found and any VSS is not found.
Proposal 2: 

D2DUE performs scanning periodically, if the power saving and the stability are required.
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