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1 Introduction
This paper focuses on synchronization procedures for discovery and communication. This paper addresses the following procedures and system level aspects of synchronization:

· Which information should be conveyed by the synchronization procedure?

· Which nodes should transmit synchronization signals and messages?

· What is the synchronization procedure followed by ProSe UEs?

· What do synchronization signals/messages look like?

· What is the periodicity of synchronization signals/messages?

A companion contribution [1] focuses on synchronization signals design and performance from a single-link performance perspective.
2 Which Information Should Be Conveyed by the Synchronization Procedure?

The main task of synchronization is to enable the receivers to acquire a time and frequency reference. Such reference may be exploited for at least two goals:

1. Aligning the receiver window and frequency correction when detecting D2D channels;

2. Aligning the transmitter timing and parameters when transmitting D2D channels.

Regarding goal 1), synchronization procedures may be exploited to allow the D2D receiver to convey the following information:
· Timing (and frequency) reference of the D2D resource pool for reception:

· Resources to be monitored for D2D communication scheduling assignments

· Resources to be monitored for D2D discovery

· Identity of the synchronization source

· eNB cell ID

· Synchronization Cluster Head  identity

Regarding goal 2), synchronization procedures may be exploited to allow a D2D transmitter to convey the following information:

· Timing (and frequency) reference of the D2D pool resources for transmission:

· Resources to be used for transmitting D2D communication scheduling assignments

· Resources to be used for transmitting D2D discovery beacons
It is clarified that the resources signalled for goal 2) may constitute a pool of contention based resources or contention-less resources. E.g., neither Type-1 nor Type-2 discovery are precluded by the above procedure. With resource pool, it is intended a set of resources for D2D purpose.
More details about the fields to be signalled by PD2DSCH are provided in [1].

Proposal:

· The synchronization procedure conveys information about:

· D2D resource pool to be used for transmission

· D2D resource pool to be used for reception

· Useful information regarding the synchronization source identity and reliability
3 Which Nodes Should Transmit Synchronization Signals and Messages?

Each D2D UE needs to be aware of the resources to be monitored for discovery and communication, both for the serving cell/cluster and for the neighbour cells/clusters/PLMNs. This is necessary in order to simplify the receiver and allow aggressive DRX cycles, which are essential for acceptable power consumption levels.
The serving eNB/Synchronization Cluster Head  may broadcast the D2D pool resources for discovery and communication within its own cell/cluster, both for reception (goal 1)) and transmission (goal 2)).
However, the above information is not sufficient for UEs that are exposed to D2D channels transmitted by neighbour UEs camping on different cells, PLMNs and clusters. Therefore, UEs camping on such neighbour cells, PLMNs and clusters need to periodically signal their own D2D resource pool along their synchronization reference, in order to allow efficient detection. This purpose is efficiently fulfilled by the synchronization protocol. In other words, ProSe enabled UEs should relay the synchronization reference and the D2D resource pool to be monitored (goal 1 in Sect.2) by neighbour UEs. 

Additionally, all UEs performing direct transmission should transmit synchronization signals in order to allow synchronization of all potential receivers.
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Figure 1: eNBs/Synchronization Cluster Heads broadcast the synchronization reference and D2D resource pool. ProSe enabled UEs camping on an eNB/Synchronization Cluster Head relay the associated D2D resource pool.

Since multiple ProSe UEs within a cell/cluster relay the same synchronization signals, the receiver might experience the superposition of multiple identical sync signals, up to some additional Doppler spread, time spread and gain diversity. 
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Figure 2: Example of synchronization signals broadcasted by eNBs (continuous lines), SCHs (dot-dash) and ProSe UEs (dotted). Note that the lower-left UE receives synchronization signals as
SFN combination of multiple identical sync signals relayed by UEs within cell 1.

To summarize, the following is proposed:

Proposal:

· eNBs/Synchronization Cluster Head s broadcast the synchronization reference and the D2D resource pool for transmission and reception within the cell/cluster

· ProSe enabled UEs that are camping on a cell/cluster relay the synchronization reference and corresponding D2D resource pool to be used for reception
4 What is the Synchronization Procedure Followed by ProSe UEs?

In our view, D2D synchronization is a procedure with commonalities to LTE cell search. In order to allow both NW control and efficient synchronization for partial/outside coverage scenarios, the following procedure is proposed:
1. The ProSe enabled UE searches for an LTE cell (according to LTE mobility procedures) and camps on the chosen cell;
2. If the ProSe PS UE is unable to find a suitable LTE cell, it scans the UL carrier (FDD) or UL subframes (TDD) searching for D2D sync signals transmitted by a Synchronization Source under NW coverage;
3. If the ProSe PS UE is unable to find a suitable Synchronization Source under NW coverage, it scans the UL carrier (FDD) or UL subframes (TDD) searching for D2D sync signals transmitted by a Synchronization Cluster Head  and camps on the chosen Synchronization Cluster Head;

4. If the ProSe PS UE is unable to find either a suitable LTE cell or a Synchronization Cluster Head , it may assume the Synchronization Cluster Head  role itself and start the transmission of synchronization signals;
5. If a UE that is in any of the above states (i.e., camping on an LTE cell/cluster, being a SCH, or none of the above) detects a synchronization reference associated to another cell/cluster and relayed by some ProSe UE, it starts monitoring the D2D resource pool associated to such cell/cluster (as described in Sections 2 and 3).

If a UE acting as a Synchronization Cluster Head enters coverage of an LTE eNB, it ceases the Synchronization Cluster Head  role and synchronizes to the eNB.
If a Synchronization Cluster Head  goes into coverage of another Synchronization Cluster Head , one of the two Synchronization Cluster Heads ceases the Synchronization Cluster Head  role based on predefined rules. 

UEs that are out of coverage (of eNB or SCH) may assume the SCH role autonomously and start broadcasting data accordingly, if desired.

Proposal:

· The synchronization procedure prioritizes eNB synchronization over SCH synchronization

· UEs that are not in coverage of an eNB or a SCH may assume the SCH role
5 How do Synchronization Signals/Messages Look Like?

Synchronization information is conveyed by the combination of:
· Synchronization signals;
· Synchronization messages carrying PD2DSCH.
Synchronization signals are transmitted periodically and allow for synchronization search, similarly to LTE cell search. As discussed in [1], we propose to reuse the structure of PSS/SSS for direct synchronization signals, enabling reuse of existing cell search procedures in the UEs. 
The PSS/SSS sequences may be exploited to carry some information useful for synchronization. However, the number of sequences that can be reliably detected is insufficient to convey the necessary information of the synchronization protocol. Therefore, we support the proposal of periodically transmitting a “synchronization message”, i.e., a L1 message transmitted on predefined resources and carrying broadcast information related to the synchronization protocol (e.g., the information discussed in Section 2). Note that the periodicity of the synchronization subframe may be much larger than that of synchronization signals.
More details about the performance and format for D2DSS and PD2DSCH are provided in [1].
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Figure 3: Synchronization signals and synchronization messages (PD2DSCH) are broadcasted with different periodicities (for reduced energy consumption). Most of the information relevant for synchronization is carried by the synchronization messages. The resources for the synchronization message are derived from the synchronization signals timing.
Proposal:

· Synchronization signals and messages have different periodicities.
6 What is the Periodicity of Synchronization Signals/Messages?

Several aspects contribute to define the periodicity of synchronization signals/messages: energy consumption, implementation complexity, overhead, synchronization latency requirements.
· Energy consumption is due to both transmission of synchronization signals/messages and their reception. As a rule of thumb, power consumption for D2D synchronization should be similar as that of idle UEs. For this purpose it is fundamental that synchronization signals are transmitted frequently in order to increase the UE DRX duty cycle for sync search.
· Implementation complexity is mainly driven by the number of time domain correlators that need to be implemented, the memory needed for subframes accumulation (for timing estimation) and the deviation from existing LTE algorithms. The proposal to reuse PSS/SSS achieves all the above objectives. LTE cell search algorithms may be reused by the UEs and, as shown in [1], subframes accumulation for timing estimation may be skipped even for PSS/SSS SNR values way below 0dB, resulting in low memory requirements.

· Overhead of less than 1% is considered acceptable.

· Direct synchronization is a background “always on” process, therefore latency requirements may be relaxed similarly to current paging latency requirements. 2.56s max synchronization latency is considered here.
Based on the above considerations, the following periodicities are proposed:

· Synchronization signals periodicity (PSS/SSS): approximately 40ms

· Synchronization message periodicity: 2.56s

The synchronization overhead associated to the proposal is 0.4% of the radio resources. According to the UE power consumption model agreed in RAN1 [2], the following values are obtained:
Table 1: Power consumption for the proposed synchronization protocol (in RAN1 “units”)

	Power consumed by idle UEs for sync maintenance
(paging cycle=1.28s)
	Power consumed for initial  cell search
	Power consumed for synchronization signals + messages transmission
	Power consumed for synchronization tracking and periodic search for new synchronization

(new sync search cycle=2.56s)

	0.016 u
	0.026 u
	0.016 u
	0.016 u


Observation:

· Smaller periodicity in sync signals transmission enables efficient DRX cycles, lower UE complexity

· Reusing PSS/SSS for sync signals allows UE cell search algorithms reuse
Proposal:

· Consider the following periodicities:

· Synchronization signals periodicity (PSS/SSS): approximately 40ms

· Synchronization message periodicity: 2.56s

7 Conclusions

This paper provides an overview of the synchronization procedures in LTE ProSe. The following is observed and proposed:

Proposal:

· The synchronization procedure conveys information about:

· D2D resource pool to be used for transmission

· D2D resource pool to be used for reception

· Useful information regarding the synchronization source identity and reliability
Proposal:

· eNBs/Synchronization Cluster Head s broadcast the synchronization reference and the D2D resource pool for transmission and reception within the cell/cluster

· ProSe enabled UEs that are camping on a cell/cluster relay the synchronization reference and corresponding D2D resource pool to be used for reception
Proposal:

· The synchronization procedure prioritizes eNB synchronization over SCH synchronization

· UEs that are not in coverage of an eNB or a SCH may assume the SCH role
Proposal:

· Synchronization signals and messages have different periodicities.
Observation:

· Smaller periodicity in sync signals transmission enables efficient DRX cycles, lower UE complexity

· Reusing PSS/SSS for sync signals allows UE cell search algorithms reuse
Proposal:

· Consider the following periodicities:

· Synchronization signals periodicity (PSS/SSS): approximately 40ms

· Synchronization message periodicity: 2.56s
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