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1 Introduction

At the RAN1#74, the synchronization aspects for support of D2D operation in LTE technology were discussed for multiple deployment scenarios (within/partial/out of network coverage). It was agreed, that the following synchronization aspects need to be considered and studied further by RAN1 WG:
· Synchronization signal(s) design;
· Resources used for synchronization;
· Which UEs need to transmit synchronization signals;
· Synchronization procedure;
· Synchronization accuracy requirements;
· Handling of timing advance when in (partial) network coverage;
· Need for and size of guard periods for tx/rx switching;
· Agreement: Assume 624Ts for both tx-rx and rx-tx switching;
· Time required for AGC.
At the RAN1#74bis, the terminology to be used for synchronization was discussed in order to use common terms among companies and facilitate technical discussion. The following terminology was agreed by RAN1 WG for further studies of synchronization aspects:
· 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 primary D2DSS (PD2DSS)

· PD2DSS is a ZC sequence

· Length FFS
· May also comprise a secondary D2DSS (SD2DSS)

· SD2DSS is an M sequence

· Length FFS

· Physical D2D Synchronization Channel (PD2DSCH) – (concept for the purpose of further discussion without implying that such a channel will be defined):

· 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.
· 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;

In this contribution, we continue discussion on D2D synchronization using new terminology, agreed by RAN1 WG. In particular, we mainly focus on the following synchronization aspects in application to out of coverage scenario:
· Synchronization procedure;

· Which UEs need to transmit synchronization signals;

· Synchronization signal(s) design;

· Resources used for synchronization;

2 Synchronization Procedure

In LTE cellular systems, UE terminals always scan for PSS/SSS signals to acquire synchronization and receive system configuration settings before starting any transmission. In out of network coverage, the similar principle may be used. The difference between these two scenarios is that within network coverage terminals may use D2DSS (PSS/SSS) transmitted by eNodeB for synchronization in time and frequency. In out of coverage, there are no available synchronization sources and UE may need to autonomously transmit D2DSS in order to establish synchronous operation within local synchronization area. In both scenarios to facilitate synchronous operations, UEs need to listen first and scan for the presence of D2DSS signals before transmission of D2DSS and/or control/data signals.
Proposal 1
· Agree on “scan first” principle before UEs initiating any D2DSS and/or data transmission within and out of network coverage scenarios.
2.1 Within Network Coverage Scenario
Within network coverage, terminals can detect D2DSS (PSS/SSS) transmitted by eNodeB. Once synchronization with eNodeB is established, the system information settings and D2D spectrum resources (if any) configured by eNodeB may be acquired by terminals. Therefore within network coverage, the eNodeB may be considered as a primary candidate to derive synchronization for D2D operation within a cell.
Proposal 2
· Within network coverage, eNodeB is used as a synchronization source for UE synchronization in time and frequency.

From synchronization perspective, it is important to distinguish two main scenarios agreed by RAN1 WG: synchronous and asynchronous networks.
Asynchronous networks

In asynchronous networks, different cells have different timings. Therefore, direct transmissions in each cell may happen at different time instances. In addition, each cell/network may independently configure resources for D2D operation. For intra-cell direct communication in asynchronous networks, UEs may use the timing derived from the serving cells. For inter-cell direct communication, synchronization between UEs in different cells needs to be established. The network may provide parameters to simplify such synchronization. In addition, some UEs may propagate timing of the serving cell to UEs in neighboring cells in order to enable inter-cell direct communication. Therefore in asynchronous networks, some of UEs may transmit D2DSS and PD2DSCH to facilitate inter-cell direct communication.

[image: image1.emf]TX2

TX2

Frame 

Frame 

Cell 1 

Cell 2

TX1

TX1

UE synchronized to Cell 1, but 

interested to receive D2D 

traffic from TX2, needs to 

follow the Cell 2 / TX2 timing

UE synchronized to Cell 2, but 

interested to receive D2D 

traffic from TX1, needs to 

follow the Cell 1 / TX1 timing

       
[image: image2.emf]D2DSS

PD2DSCH

Cell 1 / eNB1

D2DSS

Configuration

D2DSS

PD2DSCH

D2DSS

Configuration

Cell 2 / eNB2

Synchronization Sources 

Synchronization Sources 


Figure 1: D2D synchronization in asynchronous networks.
From the D2D transmission perspective, UEs may need to follow the timing of the serving cell, in order to avoid asynchronous interference. However, from the receiver perspective, UEs are not restricted to use any timing reference and thus may receive traffic from the D2D TXs residing in neighboring cells, if synchronization is established.

Observation 1
· In asynchronous networks, the common timing needs to be established for inter-cell D2D communication/discovery.
Proposal 3
· In asynchronous networks, UEs may transmit D2DSS and PD2DSCH and propagate timing information across cell synchronization boundaries to facilitate inter-cell D2D communication.
Synchronous networks

In synchronous networks, the frame/subframe boundaries are aligned in time. However, in general case, D2D resources may be different in time and frequency domains. From synchronization perspective, the similar principle can be used for direct communication, so that some of the UEs propagate serving cell timing to neighbor cells.
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Figure 2: D2D synchronization in synchronous networks.
Proposal 4
· Within network coverage, some UEs may transmit D2DSS and PD2DSCH to facilitate intra and inter-cell direct communication and propagate timing information across cell boundaries.
2.2 Partial Network Coverage Scenario
In partial network coverage, the UEs within coverage may synchronize with serving cell. In-coverage terminals may propagate timing of serving cell to out of coverage terminals. However it should be further discussed for out of coverage UEs, whether they can become independent synchronization sources and start transmitting D2DSS when timing propagation from the in-coverage UEs is detected.
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Figure 3: Synchronization in partial network coverage scenario.

2.3 Out of Network Coverage Scenario

In out of network coverage, the common timing needs to be established among terminals with independent clocks. As it was discussed in [3], the common timing can be established using hierarchical or distributed approaches. The hierarchical approaches are similar to cellular synchronization procedures, where eNodeB serves as a synchronization source for devices in the neighborhood (within transmission range).
2.3.1 Hierarchical Approach for Synchronization

In hierarchical synchronization, the common timing is derived from one of the synchronization sources (UEs) playing the role of the peer radio head (PRH), broadcasting D2DSS. In general, this approach relies on cellular synchronization principles, where multiple UEs use eNodeB as synchronization reference. The synchronization area, established by PRH, may be extended with help of the multi-hop timing propagation. In practical systems, limited number of synchronization hops (e.g. one-hop or two-hops) may be used to extend synchronization area.
Following the “scan first” principle in out of network coverage scenario, the terminal may become an independent synchronization source (PRH) and start transmitting D2DSS signals if no D2DSS signals are detected. Additionally nodes in the PRH neighborhood can be assigned/or decide in distributed manner to derive and propagate timing to neighbor area. Different approaches for two-hop timing propagation and autonomous PRH selection may be further studied.

Single hop timing propagation
In single hop scenario, each UE that detects any D2DSS from independent synchronization source within the predefined transmission range may refrain from transmission of D2DSS signals. The new independent synchronization source may appear only if it is outside of the transmission range of already active independent synchronization source. According to this simple procedure, the independent synchronization sources will be geographically separate.
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Figure 4: Single hop timing propagation (overlapped and non-overlapped synchronization areas).

Two-hop timing propagation
In two-hop timing propagation scenario, the terminals (synchronization source gateways) surrounding the independent synchronization source can propagate the timing to the neighborhood by transmitting D2DSS and following the timing derived from the independent synchronization source. In this scenario, only terminal that cannot detect any D2DSS from independent source or gateway may declare itself as independent synchronization source. Terminals that can detect synchronization source gateways may use it for synchronization but not supposed to further propagate timing by transmitting D2DSS signals.
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Figure 5: Two-hop timing propagation in hierarchical synchronization.

In both cases (single and two-hops) the mechanism of PRH selection is needed. In case of two and larger amount of hops the procedure to become a synchronization source gateway needs to be studied. The selection of independent synchronization source and gateway may be implemented in distributed or centralized way. In out of network coverage case, two approaches may be used to achieve common timing in local area.
Observation 2
· Hierarchical synchronization protocols are similar to cellular synchronization procedure.

· In case of hierarchical synchronization with limited amount of timing propagation hops, the synchronization boundaries may exist, that may potentially cause interference if several independent synchronization sources operate in geographical area. 
2.3.2 Distributed Approach for Synchronization

Distributed approaches for synchronization in out of coverage scenario may be also applied. In this approach all UEs may need to transmit D2DSS and PD2DSCH, in order to establish common timing and frequency. Different algorithms can be used to achieve common synchronization among independent clocks. These approaches typically suffer from longer convergence time and are different from hierarchical cellular type of operation, although some of the distributed algorithms may be similar to hierarchical synchronization approaches.
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Figure 6: Distributed approach for synchronization.
Observation 3
· Distributed synchronization protocols require new synchronization procedures and typically have longer convergence time.

3 On D2DSS and PD2DSCH Transmission
In this section, we discuss who and when should transmit D2DSS and PD2DSCH and also the content of PD2DSCH. The Table 1 captures D2DSS and PD2DSCH transmissions assuming hierarchical synchronization approach. For the case of distributed synchronization approach the most straightforward solution is to transmit synchronization signal by all UEs however it may not be necessary as well.
Table 1: D2DSS and PD2DSCH transmission 
	Node Type
	Is D2DSS transmitted?
	Is PD2DSCH transmitted?
	Comments

	eNodeB
	Yes,
D2DSS is represented by PSS/SSS.
	No
	eNodeB is considered as independent synchronization source from which UE can derive timing and frequency.
Additional PD2DSCH is not needed. Higher layer or MAC signaling can be used, if additional information related to D2D synchronization is needed.

	I-SS (PRH)
	Yes
	Yes
	I-SS is abbreviation for UEs serving as Independent Synchronization Sources (I-SS), from which timing and frequency can be derived.

D2DSS signals: PSS/SSS are the main candidates.

Scenario: independent synchronization sources are used in out of coverage and partial network coverage scenarios.

	G-SS (PRH)
	Yes
	Yes
	G-SS is abbreviation for UEs that derive timing and frequency from I-SS, eNodeB or G-SS in case of multi-hop and serve as a Gateway Synchronization Source (G-SS).

D2DSS signals: PSS/SSS are main candidates.

Scenario: gateway synchronization sources are used within/ partial / and out of network coverage.

	UE
(D2D TX/RX)
	FFS
	FFS
	Active UEs that operate in direct mode of communication
FFS: Not all active D2D UEs may need to transmit D2DSS signals. For instance there may be many UEs that only receive broadcast transmission. On the other hand D2D TXs may need to transmit D2DSS, when in active TX state to extend synchronization area.

Scenario: within/ partial / out of coverage.


As for PD2DSCH content, it may be similar for distributed and hierarchical synchronization and include timestamps or system counters, timing propagation hop count, synchronization accuracy metrics, and information to assist in autonomous SS selection, type and identity of synchronization source. The latter one may be more specific for hierarchical synchronization approach. Additionally the synchronization channel can be used to configure resources to be used for D2D operation.
4 Synchronization Signal Design

For synchronization purposes, it is preferable, to reuse the existing synchronization signals defined in LTE, if those can meet synchronization requirements. The latter one needs to be confirmed once information on frequency oscillator stability is provided by the RAN4 WG. In general, the PSS and SSS signals can be considered as good candidates and should be given a higher priority for analysis. The periodicity of PSS signal transmission should be further studied based on feedback from RAN4 WG on the frequency offset error and frequency stability of UE terminals. The transmission of both PSS and SSS signals may be necessary to simplify the timing estimation, avoid estimation of the composite channel if it happens that several PRHs use the same PSS sequence and overlapped resources. In general, the usage of one of three PSS sequences may be sufficient to serve as a common preamble for initial acquisition. The SSS signal may serve for identification of the particular PRH broadcasting synchronization signal.
In general, we believe that discussion on the details of synchronization signal design for the case of out of network coverage scenario and whether the changes to LTE synchronization signals are needed requires feedback from RAN4 WG on frequency accuracy/stability. In our companion contribution [4], we provide initial link level analysis of timing error estimation assuming subsequent transmission of PSS/SSS signals.
Proposal 5
· D2DSS signals are represented by PSS/SSS sequences unless synchronization issues identified for out of coverage scenario

· Period of D2DSS /PD2DSCH transmission should be further studied

5 Resources Used for Synchronization

For network-wide synchronization, the PRHs may broadcast synchronization signals in order to propagate timing and establish synchronization in given local area. In TDD band, the PSS signal transmission in the center of the bandwidth may cause the confusion of legacy terminals that do initial scanning. Therefore the frequency position of PSS/SSS signal transmission may need to be changed. The actual PSS/SSS transmission may be shifted in frequency taking into account LTE channel raster of 100 kHz. The transmission of PSS/SSS by PRHs should be synchronized and located close in time (e.g. one subframe/frame) in order for mobile terminals to be able estimate timing from several PRHs in energy efficient manner. Moreover the transmission of PSS/SSS signals may be distributed over orthogonal resources in time/frequency so that PRHs itself can synchronize to each other if necessary.
6 Conclusions

In this contribution, we provided our views on synchronization aspects for D2D operation for within/partial and out of network coverage scenarios. Based on the discussion we have the following set of proposals and observations:
Observation 1
· In asynchronous networks, the common timing needs to be established for inter-cell D2D communication/discovery.

Observation 2
· Hierarchical synchronization protocols are similar to cellular synchronization procedure.

· In case of hierarchical synchronization with limited amount of timing propagation hops, the synchronization boundaries may exist, that may potentially cause interference if several independent synchronization sources operate in geographical area. 

Observation 3
· Distributed synchronization protocols require new synchronization procedures and typically have longer convergence time.

Proposal 1
· Agree on “scan first” principle before UEs initiating any D2DSS and/or data transmission within and out of network coverage scenarios.
Proposal 2
· Within network coverage, eNodeB is used as a synchronization source for UE synchronization in time and frequency.

Proposal 3
· In asynchronous networks, UEs may transmit D2DSS and PD2DSCH and propagate timing information across cell synchronization boundaries to facilitate inter-cell D2D communication.

Proposal 4
· Within network coverage, some UEs may transmit D2DSS and PD2DSCH to facilitate intra and inter-cell direct communication and propagate timing information across cell boundaries.

Proposal 5
· D2DSS signals are represented by PSS/SSS sequences unless synchronization issues identified for out of coverage scenario

· Period of D2DSS /PD2DSCH transmission should be further studied
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