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1. Introduction

This paper discusses the synchronization and re-synchronization procedures for the coverage enhancement of eNB’s timing using D2DSS transmission. Two use cases of the coverage enhancement are highlighted along with the proposed synchronization procedures for in-network and out-of-network coverage. During 3GPP meeting RAN1 #77, the latest proposal and working assumption of D2D synchronization procedure are as follows [1]:
Proposal:

· For in-coverage UEs, 

· eNB can explicitly configure D2DSS transmission based on UE request.

· The following conditions can be configured by eNB for D2DSS transmission:

· Proactive Approach:  

· RSRP from the eNB is below X dBm.

· Received power of detected D2DSS in D2DSSue_net is below Y dBm.

· Reactive Approach:

· Received power of detected D2DSS in D2DSSue_oon exceeds Z dBm.

· FFS if different values of X, Y, or Z are used.

· D2DSS is used for received power measurements.

· FFS if PD2DSCH is used.

· Other criteria are not precluded.

· For out-of-coverage UEs with TX timing reference derived from eNB can be triggered for D2DSS transmission when at least one of the following conditions is met:

· Received power of detected D2DSS in D2DSSue_oon exceeds Z dBm.

· Received power of detected D2DSS in D2DSSue_net is below Y dBm.

· FFS if different values of Y or Z are used.

· D2DSS is used for received power measurements.

· FFS if PD2DSCH is used.

· Other criteria are not precluded.

Continue discussion until RAN1#78.

In [2],
Proposed Agreement:

· Alt1: When UE is out of coverage and detected a D2DSS whose sequence is in D2DSSue_net,

· If the UE selects the detected D2DSS whose sequence is in D2DSSue_net as the timing reference for its transmissions, it transmits a D2DSS whose sequence is in D2DSSue_net as its timing reference if it becomes a D2D synchronization source.

· FFS whether it transmits the same D2DSS, in which case a hop count is carried in the PD2DSCH

· If the UE does not select the detected D2DSS whose sequence is in D2DSSue_net as the timing reference for its transmissions, it transmits a D2DSS whose sequence is in D2DSS_ue_oon if it becomes a D2D synchronization source.

· Alt2: When UE is out of coverage and detected a D2DSS whose sequence is in D2DSSue_net, it transmits a D2DSS whose sequence is in D2DSS_ue_oon if it becomes a D2D synchronization source.

Continue discussion until RAN1#78, and also consider what is meant by out of coverage in this context.

2. The discussions on the conditions of D2DSS transmission for the purpose of coverage enhancement of eNB’s timing
The demand of D2DSS transmission originates from expanding the core network coverage. The UE may help the synchronization source to  expand the limited coverage of the synchronization source [3], while the eNBs has higher priority than other synchronization source according to the working assumption in RAN#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.

However, in order to avoid the timing confusion, the number of unique timings should be kept to a minimum. Therefore, proper conditions to trigger to D2DSS transmission need to be carefully considered. Furthermore, the reliability of detected timing should be considered as well. The conditions of D2DSS transmission should be activated when the timing detected is reliable enough.   
Proposal 1: The conditions of D2DSS transmission for the purpose of coverage enhancement of eNB’s timing should considered based on 1) minimum number of unique timings in the whole network, including in-network and out-of-network coverage 2) the reliability of the detected timings. 

In the following sections, we introduce our proposal to the conditions and procedure of D2DSS transmission.
3. The coverage enhancement using D2DSS transmission

3.1. D2DSS transmission facilitating the coverage enhancement
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 eNBs 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.
4. 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 eNBs 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 eNBs 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.
5. Synchronization and re-synchronization procedures for eNB timing coverage enhancement
In the section, we will introduce two use cases that can benefit from the synchronization and re-synchronization procedures in eNB timing coverage enhancement. They are

a) Synchronization and re-synchronization procedures facilitating the extension of the eNB’s timing to in-coverage UEs, however, that are in the edge of the shadowing region
In the chairman’s note of RAN1#76 Meeting, the working assumptions about the priority criterion is shown as follows,

Working Assumption:

Synchronization sources which are UEs within network coverage have a higher priority than synchronization sources which are UEs outside network coverage 

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.

From the above working assumptions to the priority criterion, we can extend the eNB timing to the in-coverage UEs that are in the edge of the shadow region. The enhancement of eNB timing coverage to the in-coverage UEs that are in the edge of the shadow region is illustrated in Figure 2. In Figure 2, we assume that an in-coverage D2D UE2 directly picks up eNB timing, and become a synchronization source. The D2D UE2 transmits the D2DSSue_net to an in-coverage D2D UE, i.e. UE0, which is in the edge of the shadowing region. The enhancement of the coverage of the eNB timing results from that fact the D2D UE0 can then pick up the timing of the D2D UE2. The corresponding flow chart for extending eNB timing from UE2 to UE0 is shown in Figure 3. The detail procedure in steps is described as follows,
     Step1: UE2 receives the PSS/SSS from eNB and picks up the eNB timing. We assume that UE2 is a synchronization source that will transmit D2DSS when the trigger condition is satisfied.
Step2: The in-coverage UE0, which is in the edge of the shadowing region, picks up the timing (D2DSSue_oon) of the synchronization source UE x in the shadowing region. 
Step3: The UE2 transmits D2DSSue_net to UE0, and then the UE0 receives two D2DSS signals including D2DSSue_oon from UE x and D2DSSue_net from UE2.

Step4: UE0 detects the two received D2DSS signals and determines whether its UE type needs to be converted or not according to the priority criterion. In the case that the priority of D2DSSue_net is larger than that of D2DSSue_oon, UE0 will convert the UE type. UE0 then can pick up the timing of UE2 and the coverage of eNB timing is extended to the in-coverage UEs that are in the edge of the shadow region.

[image: image1.emf]eNB

D2D UE 0

PSS/SSS

D2D UE 2

D2DSSue_net


Figure 2. An illustration of eNB timing coverage enhancement for in-coverage UEs, which are in the edge of the shadow region
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Figure 3. The flow chart for extending eNB timing to in-coverage UE0, which is in the edge of the shadow region
Observation 1: The eNB timing can be extended to the in-coverage UEs that are in the edge of the shadowing region by using the priority criterion in the synchronization and re-synchronization procedures.
b) Synchronization and re-synchronization procedures to extend the eNB timing to out-of-coverage UEs, which are near the cell edge

From the above working assumptions to the priority criterion, we can further extend the eNB timing to the out-of-coverage UEs that are near the cell edge. The enhancement of eNB timing coverage to the out-of-coverage UEs that are near the cell edge is illustrated in Figure 4. In Figure 4, we assume that an in-coverage D2D UE2 directly picks up eNB timing and becomes a synchronization source. The D2D UE2 transmits the D2DSSue_net to the out-of-coverage D2D UE0 that is near the cell edge. The enhancement of the coverage of the eNB timing results from that fact D2D UE0 then can pick up the timing of the D2D UE2. The corresponding flow chart for extending eNB timing from UE2 to UE0 is shown in Figure 5. The detail procedure in steps is described as follows,

     Step1: UE2 receives the PSS/SSS from eNB and picks up the eNB timing. We assume that UE2 is a synchronization source that will transmit D2DSS when the trigger condition is satisfied.

Step2: The out-of-coverage UE0, which is near the cell edge, picks up the timing (D2DSSue_oon) of the independent synchronization source UE y.

Step3: The UE2 transmits D2DSSue_net to UE0, and then the UE0 receives two D2DSS signals including D2DSSue_oon from UE y and D2DSSue_net from UE2.

Step4: UE0 detects the two received D2DSS signals and determines whether its UE type needs to be converted or not according to the priority criterion. In the case that the priority of D2DSSue_net is larger than that of D2DSSue_oon, UE0 will convert the UE type. Then, UE0 will pick up the timing of UE2 and the coverage of eNB timing can be extended to the out-of-coverage UEs, which are near the cell edge.
Observation 2: The eNB timing can be extended to the out-of-coverage UEs that are near the cell edge by using the priority criterion in the synchronization and re-synchronization procedures.
Proposal 3:  The priority criterion for in-coverage UEs and out-of-coverage UEs should be adopted in synchronization and re-synchronization procedures for the coverage enhancement of eNB timing. 
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Figure 4. The illustration of eNB timing coverage enhancement for the out-of-coverage UEs, which are near the cell edge
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Figure 5. The flow chart for extending eNB timing to the out-of-coverage UE0, which is near the cell edge
6. Conclusions
We provided the insights and proposals for extending eNB timing for D2DSS transmission, which are:
Proposal 1: The coverage enhancement can be facilitated by D2DSS transmission.
Proposal 2: The number of unique timings should be kept to a minimum, which should be considered in  D2DSS transmission.
Proposal 3:  The priority criterion for in-coverage UEs and out-of-coverage UEs should be adopted in synchronization and re-synchronization procedures for the coverage enhancement of eNB timing. 
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