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1. Introduction

This paper discusses synchronization considerations for partial and outside network coverage, especially for extending eNB timing using D2DSS transmission. Two use cases of the coverage enhancement are highlighted for partial and outside network coverage. During 3GPP meeting RAN1 #78 and RAN1 #79, the latest agreements related to D2D synchronization are as follows:
1) For RAN1 #78 [1]
Agreement:

· For in-coverage UEs, 

· A maximum of 1 D2DSS resource (comprising a periodically occurring subframe in which D2DSS may be transmitted if the conditions below are satisfied (note that the eNB may reuse resources which are not used for D2DSS transmission)) can be configured per cell for in coverage UEs

· The D2DSS resource periodicity is: 

The same for in-coverage and out-of-coverage

· Fixed to 40 ms in the specifications

· The D2DSS resource can be configured with a time offset with a granularity of 1 subframe

· The D2DSS resource offset of neighbour cells can be signalled in a SIB w.r.t. SFN#0 of the serving cell with a granularity of 1 subframe
2) For RAN1 #79 [2]
Agreements:

· PD2DSS symbols are adjacent

· No changes in signal design

· SD2DSS symbols are adjacent

· Antenna port X (where X is a new AP defined by the spec editor) is used for transmission of PD2DSS, SD2DSS

· At least for synchronisation resources that are not used for both communication and discovery, in-coverage UEs may assume the same Doppler shift/spread for the DMRS (for PD2DSCH) and PD2DSS within the same synchronization resource

· Exact wording for specification is up to the Editor(s)

· Note that from the receiving UE’s perspective, the composite received signal may come from different UEs

· How/if this needs to be captured in the specification is to be proposed by the Editor(s)

· Normal CP symbol locations:

· PD2DSS: l = 1 and 2 in the first slot 
· SD2DSS:  l = 4 and 5 in the second slot

· Extended CP symbol locations:

· PD2DSS: l = 0 and 1 in the first slot 
· SD2DSS:  l = 3 and 4 in the second slot

Agreements:

· D2DSS ID in D2DSSue_net has range {0-167}

· D2DSS ID in D2DSSue_oon has range {168-335}

· PSSID is the same as D2DSS ID

Agreements:

· The order of decreasing priority for synchronisation source selection is as follows:

1. eNBs that meet the Scriterion

2. UEs within network coverage (among which higher priority is given to D2DSS received with higher synchSourceThresh measurement)

3. UEs out of network coverage transmitting D2DSS from D2DSSue_net (among which higher priority is given to D2DSS received with higher synchSourceThresh measurement)

4. UEs out of network coverage transmitting D2DSS from D2DSSue_oon (among which higher priority is given to D2DSS received with higher synchSourceThresh measurement)

In the following sections, we will discuss the coverage enhancement using D2DSS transmission, the benefits from the coverage enhancement of eNB’s timing, and the synchronization considerations for partial and outside network coverage including the collision issues for the two uses cases. 
2. The coverage enhancement using D2DSS transmission
The demand of D2DSS transmission originates from expanding the core network coverage. The synchronization source may help to expand the limited coverage [3], while the eNB has higher priority than other synchronization sources according to the working assumption in RAN1 #76 [4]:

Working assumption:

· After giving priority to synchronisation sources which are eNBs, followed by UEs within network coverage, selection of D2DSS for derivation of D2D transmission timing is based on at least the following metrics:

· Received D2DSS quality: e.g. A UE selects a D2DSS with a better received signal quality when all the other metrics are the same.

· FFS: Stratum level: A UE selects a D2DSS with a smaller stratum level when all the other metrics are the same.

· FFS on further detailed D2D selection criterion.

· FFS whether to define the measurement for received D2DSS quality.

· FFS on how synchronization source type and stratum level can be carried by D2DSS/PD2DSCH.

Hence, the reliability of detected timing should be considered as well.   
D2DSS transmission from the synchronization source may be exploited to extend the coverage of the major network. At the same time of transmitting D2DSS, the timing reference of the major network, which is often the core network eNB connected to, can be retrieved by the UEs that are suffered from some difficulty of connecting to the major network. 

Hence, D2DSS transmission can distribute the timing reference and extend the coverage of the major network. Additionally, it is also addressed in the working assumptions of RAN1#75 that a UE may distribute the timing from the detected D2D synchronization source after it synchronizes to it.
Proposal 1: The coverage enhancement can be facilitated by D2DSS transmission, and the reliability of detected timing should be considered as well.
3. The benefits from the coverage enhancement of eNB’s timing using D2DSS transmission

There are two major benefits. They are

a) Extending the coverage of the major network, which is often the core network eNB connected to.

Off course, distributing the timing derived from major network is to help extending the coverage of the major network. While the major network is often the core network eNB connected to. Then the core network coverage can reach further to the UEs those did not synchronize to it initially. 

b) Reduce amount of unique timings used in D2DSS transmission

It is obvious that when the number of misaligned timing reference distributed by D2DSS transmission increases, interference among misaligned timing will also become severe. Hence, to keep the number of unique timings to a minimum can eliminate such interference and maintain the unity of a synchronous network. To reduce to amount of unique timings used in D2DSS transmission is essential to the unity of a synchronous network.
Proposal 2: The number of unique timings should be kept to a minimum, which should be considered in D2DSS transmission.
4. Synchronization Considerations for Partial and Outside Network Coverage
In the section, we will introduce two use cases that can benefit from the synchronization and re-synchronization procedures in the coverage enhancement of eNB’s timing. One use case is for the partial-network-coverage UEs, which are in the edge of the shadow region. Another use case is for outside-network-coverage UEs, which are near the cell edge. 
However, there will be some issues when we extend eNB’s timing for the two use cases. The issues will also be introduced in this section.
4.1. The coverage enhancement of eNB’s timing for partial and outside network coverage UEs
Figure1 shows the illustration of the coverage enhancement of eNB’s timing for a partial-network-coverage UE, which is in the edge of the shadow region. In the figure, UE0 is the partial-network-coverage UE, which is in the edge of the shadow region. UE0 may not be able to pick up the eNB’s timing directly when the strength of the received PSS/SSS signal from eNB is not adequate enough. Fortunately, UE0 still may synchronize to the eNB’s timing when there is a nearby in-coverage synchronization source UE1. UE0 may receive the D2D synchronization signal (D2DSS) sent from the UE1, and then UE0 can synchronize to the eNB’s timing through UE1. Hence, the eNB’s timing may be extended to the partial-network-coverage UEs, which are in the edge of the shadow region.

Observation 1: The eNB’s timing may be extended to the partial-network-coverage UEs, which are in the edge of the shadow region, through the nearby in-coverage synchronization sources.
Similarly, Figure2 shows the illustration of the coverage enhancement of eNB’s timing for an outside-network-coverage UE, which is near the cell edge. In the figure, UE0 is the outside-network-coverage UE, which is near the cell edge. UE0 may not be able to pick up the eNB’s timing directly when the strength of the received PSS/SSS signal from eNB is not adequate enough. Fortunately, UE0 still may synchronize to the eNB’s timing when there is a nearby in-coverage synchronization source UE1. UE0 may receive the D2DSS sent from the UE1, and then UE0 can synchronize to the eNB’s timing through UE1. Hence, the eNB’s timing may be extended to the outside-network-coverage UEs, which are near the cell edge.

Observation 2: The eNB’s timing may be extended to the outside-network-coverage UEs, which are near the cell edge, through the nearby in-coverage synchronization sources.
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Figure 1: The coverage enhancement of eNB’s timing for a partial-network-coverage UE, which is in the edge of the shadow region
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Figure 2: The coverage enhancement of eNB’s timing for an outside-network-coverage UE, which is near the cell edge
4.2. The collision issue considerations when we extend eNB’s timing to partial and outside network coverage UEs
The collision issue should be considered when we extend eNB’s timing to a partial-network-coverage UE, which is in the edge of the shadow region. The illustration of the use case can be shown in Figure 3. In the figure, UE0 is the partial-network-coverage UE, which is in the edge of the shadow region. UE0 may receive two different D2DSS at the same time from two different nearby in-coverage synchronization sources UE1a and UE1b, respectively. The two received D2DSS will interfere to each other and the collision issue may occur. Hence, the UE0 can’t detect the D2DSS ID correctly. 

Similarly, the collision issue also should be considered when we extend eNB’s timing to an outside-network-coverage UE, which is near the cell edge. The illustration of the use case can be shown in Figure 4. In the figure, UE0 is the outside-network-coverage UE, which is near the cell edge. UE0 may receive two different D2DSS at the same time from two different nearby in-coverage synchronization sources UE1a and UE1b, respectively. The two received D2DSS will interfere to each other and the collision issue may occur. Hence, the UE0 can’t detect the D2DSS ID correctly. 
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Figure 3: The illustration of collision issue when we extend eNB’s timing to a partial-network-coverage UE, which is in the edge of the shadow region
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Figure 4: The illustration of collision issue when we extend eNB’s timing to an outside-network-coverage UE, which is near the cell edge

Proposal 3: The collision issue should be considered when we extend eNB’s timing to both a partial-network-coverage UE, which is in the edge of the shadow region, and an outside-network-coverage UE, which is near the cell edge.
5. Conclusions
We provide the observations and proposals for synchronization considerations for partial and outside network coverage, especially for extending eNB’s timing using D2DSS transmission, which are:
Observation 1: The eNB’s timing may be extended to the partial-network-coverage UEs, which are in the edge of the shadow region, through the nearby in-coverage synchronization sources.
Observation 2: The eN’sB timing may be extended to the outside-network-coverage UEs, which are near the cell edge, through the nearby in-coverage synchronization sources.
Proposal 1: The coverage enhancement can be facilitated by D2DSS transmission, and the reliability of detected timing should be considered as well.
Proposal 2: The number of unique timings should be kept to a minimum, which should be considered in D2DSS transmission.
Proposal 3: The collision issue should be considered when we extend eNB’s timing to both a partial-network-coverage UE, which is in the edge of the shadow region, and an outside-network-coverage UE, which is near the cell edge.
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