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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 procedure for D2D synchronization.

Working assumption:

· After giving priority to synchronisation sources which are eNBs, followed by UEs within network coverage, selection of D2DSS for derivation of D2D transmission timing is based on at least the following metrics:
· Received D2DSS quality: e.g. A UE selects a D2DSS with a better received signal quality when all the other metrics are the same.

· 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 selection criterion.

· FFS whether to define the measurement for received D2DSS quality.

· FFS on how synchronization source type and stratum level can be carried by D2DSS/PD2DSCH.

Based on the working assumption, this contribution discusses resource allocation for D2DSS (and PD2DSCH if required).
2   Design Issues 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
· 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
· 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

· 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 senses and find 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 [3]. 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. The detailed algorithm of timing adjustment refers to [4]. 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.
Observation 1: Time synchronization within SHs can be achieved by only SH-VSS interaction without SH-SH or VSS-VSS interactions. 

When ordinary SRUEs detects multiple D2DSS (and PD2DSCH if required) from SHs, it selects one of them and is associated to the selected SH. SRUEs operate according to current cell search-like procedure regarding SH as cell. SRUEs operate as in asynchronous cell deployment scenario before SHs are synchronized. And they operate as in synchronous cell deployment scenario after SHs are synchronized. SRUEs don’t need to monitor D2DSS (and PD2DSCH if required) from VSS.
Observation 2: The behavior of SRUEs is same as intra-cluster scenario even though operations for inter-cluster synchronization are added to SHs and VSSs.
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Figure 1: The concept of inter-cluster synchronization
2.2
Design considerations for inter-cluster synchronization
We investigate key differences on synchronization between cells and clusters, to identify what we need more from existing one. At first, it is obvious that cells do not move once they are deployed while clusters move and change frequently. Secondly, cellular network allows synchronous as well as asynchronous deployment while synchronous clusters are preferred for D2D broadcast communication, because cellular UEs require just a network access via single associated cell while D2D UEs should transmit broadcast message all neighbor UEs in the communication range.
Proposal 1: 6 PRBs should be allocated for D2DSS.
6 PRBs like current PSS/SSS structure can be reused if there is no critical problem for reception. We call PSS/SSS together for D2DUEs as D2DSS. Frame structure is assumed to be pre-configured for D2DUEs in out-of-network coverage. However, the D2DSS reception performance may be degraded when two clusters are overlapped geographically and synchronized. Also, one SH cannot receive D2DSS from another SH due to half-duplex problem. To deal with these problems, it is beneficial to have timely orthogonal resource to 1-hop neighboring synchronization sources. The number of orthogonal resources is sufficient to 2, because 2-hop neighboring synchronization sources can share the same resource.
Observation 3: Timely orthogonal resource within 1-hop neighbor synchronization source can be allocated for D2DSS (and PD2DSCH if required).
There is a resource collision problem when SHs select resource for D2DSS without any coordination within SHs. Figure 2 shows a successful resource selection case that each SH selects different D2DSS resource. Meanwhile Figure 3 shows that neighbor SHs select the same D2DSS resource to be collided. It results in not just a low detection performance to SRUEs but also possible timing misalignment within SSUEs caused by oscillator drifting and half-duplex condition when inter-cluster synchronization is considered.  
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Figure 2: Successful resource selection for D2DSS
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Figure 3: Failed resource selection for D2DSS
Observation 4: D2DSS (and PD2DSCH if required) resource may be collided when SH selects it randomly. The resource collision should be considered for synchronization design to support inter-cluster synchronization.
Rather than allocating orthogonal resource to SHs which have the same role and the same level, it is a better approach that allocating a common resource to SHs and another resource to VSSs which are orthogonal to each other. In this way, SH-1 and SH-2 can see VSS respectively even though they don’t see each other after two SHs are synchronized. 
Proposal 2: D2DSS (and PD2DSCH if required) should be allocated to timely orthogonal (TDMed) resource between SHs and VSSs.
2.3
Resource allocation of D2DSS and PD2DSCH enabling inter-cluster synchronization
In this sub-clause, we discuss several examples for D2DSS resource allocation. PD2DSCH is considered depending on an example. The periodic resource structure is preferred to lessen the ambiguity due to D2DSS detection error. Moreover it makes a design simple to have same synchronization period and procedure to SHs and VSSs. 
Proposal 3: Resource for D2DSS (and PD2DSCH if required) is periodically located with the time interval of synchronization period. The time interval of synchronization period should be same to SHs and VSSs.
The resource location for SHs and VSSs is preferred to have a fixed time offset to the reference time point respectively. Any UE can know the reference time point based on D2DSS reception timing and the fixed time offset whenever it receives D2DSS from SHs or VSSs. According to this condition, it is natural that the time difference between D2DSS resource for SHs or VSSs is fixed. The reference timing driven from D2DSS can be utilized for synchronization procedure.
Proposal 4: The time difference between D2DSS resource for SHs and D2DSS resource for VSSs should be fixed and be known to SHs and VSSs.
Different options to implement identified considerations as follows:
· Option 1: Resources for only D2DSS is allocated.
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Figure 4: D2DSS resource allocation
· Option 2: Resources for D2DSS and PD2DSCH are allocated. PD2DSCH may be required to deliver system information like BCH or synchronization related information such as the type of synchronization source.
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Figure 5: D2DSS and PD2DSCH resource allocation
· Option 3: Resources for D2DSS and multiple PD2DSCH are allocated. Frequency orthogonal resources are introduced to mitigate interferences within SHs. There is less interferences among VSSs since they will use the same D2DSS (and PD2DSCH if required).
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Figure 6: D2DSS and PD2DSCH resource allocation to avoid PD2DSCH collision
3   Conclusion
Based on the discussion identified observations in this contribution, we propose followings:
Observation 1: Time synchronization within SHs can be achieved by only SH-VSS interaction without SH-SH or VSS-VSS interactions. 

Observation 2: The behavior of SRUEs is same as intra-cluster scenario even though operations for inter-cluster synchronization are added to SHs and VSSs.
Observation 3: Timely orthogonal resource within 1-hop neighbor synchronization source can be allocated for D2DSS (and PD2DSCH if required).
Observation 4: D2DSS (and PD2DSCH if required) resource may be collided when SH selects it randomly. The resource collision should be considered for synchronization design to support inter-cluster synchronization.
Proposal 1: 
6 PRBs should be allocated for D2DSS.
Proposal 2: 
D2DSS (and PD2DSCH if required) should be allocated to timely orthogonal (TDMed) resource between SHs and VSSs.
Proposal 3: 
Resource for D2DSS (and PD2DSCH if required) is periodically located with the time interval of synchronization period. The time interval of synchronization period should be same to SHs and VSSs.

Proposal 4: 
The time difference between D2DSS resource for SHs and D2DSS resource for VSSs should be fixed and be known to SHs and VSSs.
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