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1
Introduction
As decided at RAN plenary meeting #60 [1], broadcast communication outside network coverage is the highest prioritized item to be designed for D2D communication for Public Safety [2]. As multiple devices are involved to a broadcast transmission, time synchronization among multiple devices may impact the performance and the design approach. In this contribution, we focus on the design aspects of time synchronization as considering requirements to support D2D broadcast communication.
In RAN1 #74bis meeting, working assumption has been reached for the D2D synchronization terminology as following:
Working Assumption:

· Synchronization sources transmit at least a D2DSS: D2D Synchronization Signal

· May be used by D2D UEs at least to derive time/frequency

· May (FFS) also carry the identity and/or type of the synchronization source(s)

· Comprises at least a PD2DSS 

· PD2DSS is a ZC sequence

· Length FFS

· May also comprise a SD2DSS

· SD2DSS is an M sequence

· Length FFS
· Concept for the purpose of further discussion (without implying that such a channel will be defined), PD2DSCH: Physical D2D Synchronization Channel
· May carry information including one or more of the following (FFS):

· Identity of synchronization source

· Type of synchronization source

· Resource allocation for data and/or control signalling

· Data

· others FFS
· A synchronization source is any node transmitting D2DSS 
· A synchronization source has a physical identity PSSID
· If the synchronization source is an eNB the D2DSS is Rel-8 PSS/SSS

· Note: in RAN1#73, “synchronization reference” therefore means the synchronization signal(s) to which T1 relates, transmitted by one or more synchronization source(s). 

Based on the working assumption, this contribution discusses D2D time synchronization design and procedures.
2   Design Issues

Additional terminology
We define the additional terminology for this contribution to distinguish a certain UE as synchronization source from other synchronization sources.

· SSUE (Synchronization Source UE): A D2D UE transmitting D2DSS as synchronization source

· SSeNB (Synchronization Source eNB): An eNB transmitting D2DSS as synchronization source
· TX UE (Transmitting UE): A D2D UE transmitting broadcast data signal
· RX UE (Receiving UE): A D2D UE receiving broadcast data signal
2.1
System-level time synchronization
In [3], we observed that time synchronization among SSUE is essential to support D2D broadcast communication in viewpoints of the resource allocation and interference management. The brief problem statements are summarized in Annex.
The definition of system-level synchronization
To avoid both resource allocation and interference management problems at the area of co-located SSUEs, system-level synchronization is required for D2D communication. System-level synchronization enhances performance of distributed resource coordination as well as centralized resource coordination in control aspects. It can enable more exact channel sensing implicitly or exchanging of explicit control information between D2D UEs including RRMH (Radio Resource Management Head). In addition it reduces protocol overheads due to contentions or negotiations in asynchronous state. 

There are two conditions to achieve system-level synchronization.
Condition 1:
· Multiple RX UEs have the same timing according to a signal transmission from a TX UE.

Condition 2: 
· Multiple TX UEs have the same timing according to a signal reception to a RX UE.

Above two conditions can be fulfilled when co-located SSUEs are synchronized in scenarios described in Annex.
Observation 1: System-level synchronization is used to resolve resource allocation and interference problems.
2.2
Operational considerations
SSUE Operation

The operation of a SSUE in out of network coverage may be different from that of SSeNB or SSUE inside network coverage. The SSUE in out of network coverage requires adjusting the own reference timing to align with timing of neighboring SSUEs. We assume that SSUEs listen to D2DSS from each other, which is transmitted orthogonally in time. However, in the hidden node case described in Figure 1, two SSUEs cannot be reached to each other. In this scenario, the assumption of orthogonal D2DSS transmission timing may not be valid to a D2D UE in the overlapped area. So, a non SSUE in the overlapped area needs to volunteer to send D2DSS that can be received at existing SSUEs. We call this volunteering SSUE as VSSUE hereafter. The role of VSSUE is to enable time synchronization within SSUEs in the hidden node case, by extending the interaction range for synchronization. The method to achieve time synchronization within SSUEs is FFS [4] [5][6][7][8].
Observation 2: Time synchronization between SSUEs can be achieved based on the direct interaction between them or the indirect interaction via the volunteering SSUE.
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Figure 1. Deployed SSUEs and VSSUE
D2DUE Operation

As described in Figure 1, D2D UEs operation is aligned with the reference timing from the existing associated SSUE. Meanwhile, SSUEs operation is aligned with the own reference timing as a matter of course.
Observation 3: System stability can be guaranteed if D2D UE operation is based on the reference timing from the existing associated SSUE, not from the volunteering SSUE.
2.3
Key design assumptions
Base on the identified observations, we conclude key design assumptions as followings:
We observed that system-level time synchronization is beneficial to provide D2D broadcast communication and the conditions for system-level time synchronization are met when co-located SSUEs are synchronized.

Proposal 1: Co-located SSUEs in out-of-network coverage should be synchronized to support D2D broadcast communication. 
We observed that SSUEs in the range of each other can be synchronized based on direct D2DSS signaling. SSUEs in the hidden node case needs volunteering of any intermediated D2D UE. There may be two options for volunteering. Option 1 is that the D2D UE becomes SSUE by transmitting D2DSS sequence. Option 2 is that the D2D UE just relays timing offset information from one SSUE to another SSUE. Option 1 is advantageous in the range and the complexity perspective. Generally the detection range of D2DSS is larger than the message transmission range, so delivering timing offset information is not guaranteed. Moreover, the complexity for network time synchronization based on timing offset compensation increases much larger when multiple SSUEs over two get involved.
Proposal 2: It should be allowed for D2D UE to be volunteering SSUE to support system-level synchronization without hidden node problem.
Based on observation 3, we propose as following:

Proposal 3: A D2D UE operation needs to be aligned with the reference timing from the existing associated SSUE, not from new volunteering SSUE.
A SSUE is a D2DUE which becomes synchronization source. So the SSUE should operate with the same way as D2DUE to support D2D broadcast communication. Therefore the timing to receive broadcast signal should be managed separately from the own reference timing to be used for broadcast transmission.
Proposal 4: The timing for reception should be managed separately whenever the SSUE detects D2DSS from neighboring SSUE, regardless of the own reference timing.

A SSUE manages the own reference timing and the own reference timing can be adjusted to support time synchronization within SSUEs. Requirements for system-level synchronization are fulfilled, because TX UEs and RX UEs associated to co-located SSUEs are synchronized, by achieving inter-SSUE time synchronization.
Proposal 5: A SSUE manages the own reference timing for transmission, and adjusts the own reference timing based on timing of D2DSS transmitted by neighboring SSUEs to achieve inter-SSUE time synchronization.

3   Conclusion
Based on the discussion identified observations in this contribution, we propose followings:
Observation 1: System-level synchronization is used to resolve resource allocation and interference problems.

Observation 2: Time synchronization between SSUEs can be achieved based on the direct interaction between them or the indirect interaction via the volunteering SSUE.
Observation 3: System stability can be guaranteed if D2D UE operation is based on the reference timing from the existing associated SSUE, not from the volunteering SSUE.
Proposal 1: 
Co-located SSUEs in out-of-network coverage should be synchronized to support D2D broadcast communication. 

Proposal 2: 
It should be allowed for D2D UE to be volunteering SSUE to support system-level synchronization without hidden node problem.
Proposal 3: 
A D2D UE operation needs to be aligned with the reference timing from the existing associated SSUE, not from new volunteering SSUE.
Proposal 4: 
The timing for reception should be managed separately whenever the SSUE detects D2DSS from neighboring SSUE, regardless of the own reference timing.

Proposal 5: 
A SSUE manages the own reference timing for transmission, and adjusts the own reference timing based on timing of D2DSS transmitted by neighboring SSUEs to achieve inter-SSUE time synchronization.
Annex
Resource allocation aspect

The synchronization range and the data transmission range may be different when a SSUE and a TX UE are not the same. The impact from synchronization-data range mismatch can be mitigated if we assume the synchronization range of D2DSS is larger than twice of the transmission range of data signal. However the data transmission range may be larger than conventional one because we are considering robust broadcast system without feedback control. Therefore we cannot assume that synchronization-data range mismatch does not happen. As you see from Figure 2, broadcast signal from TX UE1 is not received by RX UE3, because TX UE1 is associated SSUE1 and RX UE3 is associated SSUE2 in the condition of unsynchronized SSUE1 and SSUE2. If we assume SSUE1 and SSUE2 are synchronized, timings of neighboring RX UEs of a TX UE are identical and resource allocation problem can be resolved.
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Figure 2. Resource allocation problem
Interference management aspect

The case of unsynchronized SSUE1 and SSUE2 without coordination between them is described in Figure 3. When we assume that a TX UE1 which is associated to SSUE1 and is located in the range of SSUE2, other D2D UEs like RX UE3 associated to SSUE 2 may be interfered by broadcast signal from the TX UE1. If TX UE1 and TX UE2 are synchronized in the condition of synchronized SSUE1 and SSUE2, resource confliction can be avoided by implicit or explicit coordination.
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Figure 3. Interference management problem 1
Even though there is no resource coordination problem as depicted in Figure 2, the case of that SSUE is same as TX UE has still interference management problem as likely as the case when SSUE may be different from TX UE shown in Figure 3. If TX UE1 and TX UE2 are synchronized in Figure 4, interference can be managed by implicit or explicit coordination.
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Figure 4. Interference management problem 2
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