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1. Introduction
This paper addresses resource allocation, signal/channel design, and procedures for out-of-coverage network synchronization.
2. Resource allocation and Channel design
Before discussion, we need to define two kinds of synchronization levels:
1) Network level synchronization
All UEs in the local area of interest agree on the start and end of a frame and begin their transmissions with reference to this agreed frame timing.
2) Link level synchronization
There is no agreement on the start and end of a frame between UEs. Therefore, each UE can transmit at any time. However, each UE has to know the symbol timing of the received packet for demodulation (using preamble). 
For the establishment of synchronization for out-of-coverage public safety (PS) D2D communications, we need to allocate time-frequency resource, and define signals/channel and procedures.
2.1. Time-frequency resource allocation for synchronization
For out-of-coverage PS D2D communications, we have suggested pre-defined frame structure [1][2]. The frame consists of two regions: one for D2D broadcasting channels (D2D-BCHs) and the other for synchronization management as in Figure 1. The D2D-BCH scheduling and procedures are well defined in the companion paper [3].
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Figure 1. Resource allocation for out-of-coverage synchronization.
2.2. Signals and channel structure
The resource allocated for synchronization management in Figure 1 is occupied by synchronization reference signals (SRS1, SRS2) and BEACON channel. The purposes of SRS and BEACON are listed in Table 1.
Table 1. Signals and channel for synchronization management.
	Signal/Channel
	Purpose
	Waveform

	SRS1
	AGC, frame timing acquisition, AFC
	WLAN PR-like (non UE-specific)

	SRS2
	TA
	LTE PRACH-like (Zadoff-Chu)

	BEACON
	Synchronization management
	Data packet (SH-specific)


Proposal 1: Define physical signal for AGC, frame timing acquisition, AFC.
Proposal 2: Define physical signal for TA.
Proposal 3: Define BEACON channel for synchronization management.
3. Synchronization procedure
At first there is no network level synchronization. Every UE (UE1) can broadcast BEACON together with SRS1 at any time, and every UE (except UE1) can decode BEACON from UE1 due to the SRS1. What is required here is the link level synchronization.
For the establishment of network level synchronization, at least one UE has to transmit SRS1 (plus BEACON) periodically but necessarily not every frame. A UE which transmits SRS1/BEACON at every [image: image3.png]


th frame can be called synchronization header (SH). Every UE can be SH.
In order to solve the duplex problem and reduce power consumption, SH should not transmit SRS1/BEACON at every frame. 
As explained in Figure 2, there are cases where a SH acquiring network synchronization using SRS1/BEACON1 from UE1 has to propagate network synchronization to UE2 by transmitting SRS1/BEACON2 in another frame. If the SH has to transmit SRS1/BEACON2 at every frame to propagate network synchronization, it cannot acquire synchronization from UE1 (In TDD, UE cannot transmit and receive simultaneously). 
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Figure 2. Network synchronization propagation and duplex problem.
Summary of network synchronization procedure:
1) UE monitors whether network synchronization is established or not by detecting periodic  transmission of SRS1/BEACON. BEACON carries such information as: SRS1 transmission period, power status, network connectivity, request of SH role transfer to neighbor UE, etc.
2) Any UE can be SH either by its own decision or by the request of any other UE. Every UE can request periodic transmission of SRS1/BEACON from its neighbor UE by using BEACON. 
3) Every SH can request TA using BEACON together with SRS2 from its serving SH. In this case, BEACON/SRS2 transmission has to be in conformance with the frame structure. 
4) On reception of TA request, corresponding serving SH measures propagation delay using received SRS2.
5) Serving SH informs corresponding SH of measured propagation delay using  BEACON.
6) Corresponding SH adjusts its transmission timing.
Proposal 4: Define SH for synchronization control.
Proposal 5: Define procedures for network synchronization.
Synchronization between multiple SHs
In Figure 3, UE3 has multiple SHs which are periodically transmitting SRS1/BEACON with different timing references. In this case, UE3 has to decide which SRS1 to follow and propagate it to the other side to make sure of network synchronization alignment between two different timing references. There should be a ground rule to choose one between them. SH with network connectivity could have a higher priority. Power capability also can be an important factor.
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Figure 3. Network synchronization between multiple SHs.
Network synchronization between multiple SHs can be established with the following procedure. 
1) UE3 issues BEACON to SH2 to request stopping periodic transmission of SRS1/BEACON2 (it is assumed that SH1 has higher priority than SH2, due to the network connectivity). In this case, BEACON has to be transmitted in accordance with the SH2 timing.
2) UE3 becomes SH with the help of periodic transmission of SRS1/BEACON1 from SH1. Then, it can transmit periodic SRS1/BEACON3 using different frame.
3) UE2, which was SH2, acquires network synchronization using SRS1/BEACON3 from UE3. Therefore, two different timing references can be emerged into one.
Proposal 6: Define procedures for network synchronization between multiple SHs with different timing references.
4. Conclusions
Based on the observations discussed in this contribution, we propose:
Proposal 1: 
Define physical signal for AGC, frame timing acquisition, AFC.
Proposal 2: 
Define physical signal for TA.
Proposal 3: 
Define BEACON channel for synchronization management.
Proposal 4: 
Define SH for synchronization control.
Proposal 5: 
Define procedures for network synchronization.
Proposal 6: 
Define procedures for network synchronization between multiple SHs with different timing references.
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