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1 Introduction

The synchronization procedure is one of the major opens that was discussed during the LTE Rel. 12 study item on proximity services [1]. Our initial system level studies on synchronization procedure were presented in [2], where we discussed the amount of timing propagation hops sufficient for out of network coverage scenarios, priority of synchronization sources, and amount of unique timings that need to be tracked by UEs in order to facilitate communication between synchronization boundaries. Additionally we analyzed methods to reduce the density of synchronization sources and enlarge synchronization areas [2]-[4]. At the RAN1#76bis, the RAN1 WG made following agreements:
· A synchronization source transmits D2DSS periodically
· For selection of a timing reference D2D synchronization source
· The same prioritization rules should be applied for selection and reselection of the synchronization sources
· FFS on the reselection details including
· When a UE changes its reference synchronization source
· How a UE is provided with time to scan any change on the synchronization sources
· This includes the case where a UE re-evaluates whether to become or remain an independent synchronization source
· Synchronization signal quality
· For out-of-coverage 
· A UE can become a D2D Synchronization Source if received signal strength of all received D2DSS(s) by the UE are below X dBm 
· FFS on details of how to compute the received signal strength of a D2DSS
· FFS for how long the received signal strength has to be below X dBm
· The value of X dBm is pre-configured
· The value of X can be infinite, i.e., every UE can become a D2D Synchronization Source
· For in-coverage
· A UE can become a D2D Synchronization Source at least if it is configured to do so by the eNB
· FFS whether any additional criteria have to be met before a UE that is configured to become a D2D synchronization source can become one.

· FFS whether any special UE reporting is needed to assist the eNB

· FFS for other criteria, e.g. if the eNB has configured resources within which D2DSS may be transmitted

· Consider interference impact to cellular in such cases.

· FFS whether UEs in coverage have to be RRC connected in order to transmit D2DSS
In this contribution, we provide our views on synchronization procedure to be used for D2D communication in multiple deployment scenarios as well as discuss synchronization source (re-)selection and conditions to become synchronization source as well as other aspects of synchronization procedure.

2 Synchronization Procedure and Deployment Scenarios

The D2D synchronization procedure should work in three deployment scenarios: in-coverage, partial coverage and out of coverage. To simplify UE implementation, the common synchronization rule based on cellular synchronization principles and signals should be used to facilitate D2D operation in multiple scenarios.
Observation 1
· The common synchronization procedure based on cellular synchronization principles and signals is needed to simplify D2D operation in multiple scenarios.
In cellular networks, the UE synchronizes to the serving cell (eNB), which is typically selected based on the maximum received power criteria. The eNB serves as a common timing and frequency reference for multiple UEs. The UEs may reselect reference eNB based on received power of reference signals transmitted periodically. These principles are used in both synchronous and asynchronous networks and can be extended to enable D2D communication in multiple deployment scenarios.
3 In-Coverage Synchronization Procedure

3.1 Synchronization Source Selection
For D2D operation within network coverage, the PSS/SSS signals periodically transmitted by eNB can serve as the common timing reference. It was agreed by RAN1 WG, that eNB has higher priority to serve as a synchronization source. However, it was not discussed which principles should be used to select the particular eNB as a synchronization source for D2D communication and transmit timing. The simple approach is to use RSRP criterion and select the strongest eNB as a synchronization source. As an additional metric, the time of arrival can be considered, however this approach may not work in asynchronous and heterogeneous network deployments. In addition, the time of arrival may complicate UE processing and behavior given that signal from particular eNB arrives earlier but is subject to strong interference. According to current requirements on cell phase synchronization accuracy for TDD network, the frame start timing among cells can be in the range of up to 3 us for small cell type (radius < 3km) and up to 10us for large cell type (radius > 3 km). The difference in eNB frame start timing is significant and diminishes the motivation to use the time of arrival as a criteria to select eNB as a synchronization source, since it may not help to decrease the variance in D2D transmit timing and thus in time of arrival.
Proposal 1
· For in-coverage case, UEs select eNB as a synchronization source using RSRP criterion.
3.2 Conditions to Become In-Coverage Synchronization Sources
The in-coverage UEs can serve as SSs in some scenarios. First of all, in case of partial coverage scenario, the in-coverage UEs can propagate timing and information about D2D resources to the out of coverage UEs. The extension of eNB synchronization area towards out of network coverage may prevent strong D2D interference originated from out of coverage UEs located within network proximity, or D2D capable UEs that are located in network coverage hole. These UEs may initiate periodic transmission of the D2DSS/PD2DSCH, which timing is not aligned with the network timing. In addition, the D2DSS transmission may be needed to facilitate inter-cell D2D communication/discovery, especially in asynchronous networks.
Reactive Approach for Activation of In-coverage Synchronization Sources
In case of reactive approach, the presence of independent synchronization sources (I-SS) needs to be detected first by other D2D capable UEs (e.g. RRC_IDLE), that may do periodical scanning. The single scanning interval should be larger or equal to the D2DSS period + scanning switching time. The D2D capable UEs propagating eNB timing can force the I-SS to cease its asynchronous operation, if appropriate rule is defined. For instance, there may be a rule that I-SS shall cease D2DSS transmission if gateway synchronization source (G-SS) with predefined stratum level is detected. In this case, the in-coverage UE (that detected I-SS) may become G-SS and start periodically transmit D2DSS using the eNB timing and thus trigger synchronization source re-selection procedure at the I-SS. The described reactive approach may require allocation of the UE or cell specific time scanning intervals. Depending on the network settings, UEs may autonomously take G-SS role and start periodical transmission of D2DSS signals on pre-allocated synchronization resource. Alternatively, UEs may inform eNB about I-SS detection and follow eNB instructions to initiate D2DSS periodical transmission. It should be noted that the 2nd approach may trigger multiple UE connections to eNB, if multiple UEs detect I-SS simultaneously. In order to avoid such situation, the UE specific time scanning intervals may be assigned to reduce probability of simultaneous I-SS detection. In addition, eNB may configure certain UEs (e.g. transmitters) to transmit D2DSS once the scheduling request for direct communication is received.
Proactive Approach for Activation of In-coverage Synchronization Sources
In proactive approach, the network may configure D2D capable UEs to periodically transmit D2DSS signals in order to prevent appearance of the I-SS in the network proximity or coverage holes. For instance, the eNB may pre-allocate periodic synchronization resources and configure all D2D capable UEs to periodically transmit D2DSS signals. Alternatively, eNodeB may configure specific conditions that should be met to start autonomous transmission of D2DSS signals. For instance, the RSRP threshold may be pre-configured or signaled by the eNB, so that if the received power of the D2DSS or (CRS in case of eNB) is below threshold, UEs may autonomously start D2DSS transmission. It should be noted that not only threshold relative to eNB but also relative to UE synchronization sources can be configured and signaled by the eNB.

Observation 2
· The both reactive and proactive approaches may be used in D2D networks for D2DSS transmissions.
· The proactive approach is more aligned with the resource allocation Mode-2 for communication/Type-1 discovery, while reactive approach may be more suitable in combination with resource allocation Mode-1 for communication /Type 2 discovery.
Proposal 2
· The both proactive and reactive mechanisms are supported for activation of the in-coverage synchronization sources.
· The RSRP (D2DSS received power) threshold is used as a condition to trigger D2DSS transmission in proactive approach.
4 Partial Coverage Synchronization Procedure

One of the objectives of synchronization procedure is to reduce the amount of timings that UE needs to track and enlarge the synchronization area, while making possible communication between different synchronization areas, if the latter is possible (subject to interference constraints). The multi-hop timing propagation is one of the promising techniques that can be used to enlarge the synchronization area for D2D communication in partial and out of coverage scenarios. In practical systems, the amount of synchronization hops should be limited due to unavoidable growth of timing and frequency synchronization error [5].

Proposal 3
· The limited number of synchronization (timing propagation) hops is used in partial and out of coverage scenarios.
4.1 Synchronization Source Selection
The RAN1 WG made agreements that UE should prioritize the eNodeB followed by in-coverage synchronization sources (UEs) to derive timing for D2D transmission. This agreement forms the basic principle of the hierarchical timing propagation, where one source (eNB) serves as a timing reference and in-coverage UEs propagate the timing to out of coverage UEs. The latter shall use the timing propagated by in-coverage synchronization sources for determination of D2D transmit timing. This hierarchical principle prohibits UE to become I-SS, if in-coverage synchronization source deriving the timing from eNodeB is detected. This approach prevents the asynchronous interference within network proximity. This principle was further extended in [6] for out of coverage operation in order to form geographically large synchronization areas and reduce amount of asynchronous timings.
Taking into account RAN1 WG agreements and our proposal for in-coverage case, we suggest to use similar principles for partial coverage case.
Proposal 4
· Multi-hop hierarchical timing propagation with limited number of hops is used in partial coverage scenario.
· Synchronization sources propagating timing from eNodeB (network) have higher priority unless the maximum number of timing propagation hops is reached.
· The lower hop count has higher priority for synchronization source (D2DSSs) selection (eNB has hop count = 0).
· D2DSS received power is used to select among synchronization sources (D2DSSs) with the same hop count.
4.2 Conditions to Become Partial Coverage Synchronization Source
The following conditions are considered to become synchronization source in partial coverage case:
· UE detected eNB or SSs originated from eNodeB and measured D2DSS received power on D2DSS measurement set (i.e. set of resources available for D2DSS transmission). Note that RSRP measurements can be used in case of eNB.

· UE becomes synchronization source with hop count k, if the lowest detected D2DSS hop count is (k-1) and the maximum received power of D2DSS transmissions corresponding to hop count k and (k-1) is below predefined synchronization threshold (RSRP).
5 Out of Coverage Synchronization Procedure
Hierarchical synchronization procedure described in the previous sections can be extended to the out of coverage scenario. The main principle in out of coverage scenario, is that UE can become I-SS if it does not detected eNodeB or SSs (either I-SS or G-SS with hop below the maximum predefined value [6]). In out of coverage scenarios, the I-SS plays the role of synchronization reference by providing timing to the UEs in its proximity (synchronization range), similar to the eNB synchronization reference role for in-coverage and partial coverage scenarios.
5.1  Synchronization Source Selection
The multi-hop timing propagation procedure can be re-used in out of network coverage scenario. In this scenario, the UE may become I-SS, if there are no SSs detected or the detected SS has the maximum hop count value. The more detailed discussion and evaluation of multi-hop hierarchical synchronization is provided in our companion contribution [6]. In this section, we provide summary of our proposals based on evaluation results captured in [6].
Proposal 5
· Multi-hop hierarchical timing propagation with limited number of hops is used in out of coverage scenario.

· The hop count has higher priority for synchronization source (D2DSSs) selection.

· To enlarge out of coverage synchronization area, the I-SS ceases its operation if it detects G-SS with hop count = 1 propagating from the neighbor I-SS.
· D2DSS receive power criteria is used to select among synchronization sources (D2DSSs) characterized by the same hop count.

6  D2DSS Power Calculation

As it was discussed in the previous sections, the value of the D2DSS received power can be used as a criterion to become synchronization source. The D2DSS received power should be separately calculated on all allocated D2DSS resources corresponding to different hops and synchronization sources. We assume that synchronization resources are associated with hop count, synchronization waveform, and that multiple synchronization sources can transmit on one resource. In multi-hop scenarios, UEs including synchronization sources need to monitor D2DSS received power from synchronization sources with lower or equal hop count and cease transmission if D2DSS received power exceeds threshold.
7 Comparison of Synchronization Procedures

In [7], it was proposed to use the flat architecture for out of coverage scenario and aging criteria for synchronization source selection without restriction on the maximum number of timing propagation hops. Our analysis shows that this procedure may results in large number of synchronization hops (e.g. up to 13) and thus the synchronization error (e.g. frequency offset error) may not be guaranteed between UEs in proximity that derived synchronization from different sync paths. In addition, the aging procedure may lead to multiple asynchronous synchronization areas, when aging is combined with D2DSS received power criteria to become synchronization source which was agreed by RAN1 WG.
It should be mentioned that usage of aging criteria is favorable under assumption that new users are dropped sequentially in time with the 0 aging. However, if UEs are dropped with non-zero aging (aging has distribution) that may be a practical case, then it may cause frequent re-synchronization of the entire synchronization areas if new UE with older aging appears in the synchronized area for example if UEs from other synchronization area arrived to the area of public safety incident.
At the same time if aging is combined with the restriction on the maximum number of hops and hop count criteria is used, the synchronization clusters may have substantially different sizes which is avoided in cases when only hop count is prioritized.
8 Conclusions
In this contribution, we provided our views on synchronization procedure to enable D2D communication in multiple deployment scenarios. We discussed the rules for synchronization source selection and reselection as well as conditions to become synchronization source. In our view, the common synchronization procedure based on hierarchical synchronization principles should be used in all scenarios and is sufficient to address public safety requirements. Based on the discussion we have following proposal:

Proposal 6
· The common multi-hop synchronization procedure based on cellular synchronization principles and signals is used

· The priority for synchronization source selection is based on the following rule:

· Synchronization source type (in-coverage eNB/ relay/ UE or I-SS) > hop count (stratum level) > received D2DSS power > time of arrival
· In partial and out of coverage scenarios, the D2DSS received power threshold and hop count is used as a criteria to become and cease D2DSS transmission by D2DSS synchronization source.
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