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1 Introduction

The following working assumptions have been agreed during RAN1#75 [1]: 
	· Before starting to transmit D2DSS, a UE scans for synchronization sources
· If a synchronization source is detected, the UE may synchronize its receiver to it before it may transmit D2DSS
· UEs may transmit at least D2DSS derived from D2DSS received from a D2D synchronization source.
· Details of under what circumstances a UE transmits D2DSS are FFS
· If a UE transmits D2DSS, the rules for determining which source the UE uses as the timing reference for its transmissions of D2DSS are as follows:
· Synchronization sources which are eNBs have a higher priority than synchronization sources which are UEs
· FFS whether synchronization sources which are UEs within network coverage have a higher priority than synchronization sources which are UEs outside network coverage.
Note that this would imply that there is a means to distinguish between a D2DSS transmitted by a UE in coverage and a D2DSS transmitted by a UE out of coverage
· Other details are FFS (including timing advance details)
· If no synchronization source is detected, a UE may nevertheless transmit D2DSS
· A UE may reselect the synchronization source it uses as the timing reference for its transmissions of D2DSS if the UE detects a change in the synchronization source(s) 
· Detailed rules FFS
· Definition: A synchronization head is a synchronization source other than eNBs that does not derive transmit synchronization from any other D2D synchronization sources
· Note: this WF does not necessarily imply additional functionalities for the synchronization cluster head as compared to other D2D-enabled UEs


In this contribution, we provide our views on a number of remaining details for the design of D2D synchronization. 

2 Discussion

The following sub-sections describe a number of aspects related to D2D synchronization.  For the purpose of description, we define the following terms:
CSS: Network-Connected Synchronization Source: a synchronization source deriving its synchronization from the network (i.e. a UE under network coverage). 
ISS: Independent Synchronization Source: a synchronization source deriving its synchronization from an internal clock.  For example a UE outside of network coverage, not receiving synchronization from any other source (e.g. a cluster head (CH)). 
RSS: Relaying Synchronization Source: a synchronization source relaying the synchronization from another ISS or CSS.  Note that there is no distinction between the RSS and CSS when the synchronization source being relayed is an eNB.
2.1 D2DSS transmission criteria
As agreed upon in RAN1 #75, a UE may synchronize to an existing synchronization source (SS) if one is detected. Then the UE may transmit the D2DSS derived from the D2DSS received from the synchronization source.  In this subsection, we address the circumstances under which a UE transmits the D2DSS for the partial network coverage scenario and for the out-of-coverage scenario.
For the partial network coverage scenario, in-coverage UEs obtain synchronization from the serving eNB.  Such UEs have the ability to become a CSS transmitting D2DSS to out-of-coverage UEs.  We consider the case illustrated in Figure 1 where a UE outside of the network coverage (UE2) transmits a D2DSS (e.g. UE2 is an ISS).

This situation may be problematic as the out-of-coverage UE2 may need to communicate with in-coverage UE1 (e.g. for relaying or other purposes).  Based on the agreements UE1 needs to be synchronized with the eNB; it is therefore not desirable that UE1 changes its synchronization in order to communicate with UE2.  One solution is for the in-coverage UE1 to relay the synchronization from the eNB.
Thus when the in-coverage UE detects a D2DSS from an out-of-network coverage synchronization source (e.g., an ISS) and the measured signal strength is strong enough, the in-coverage UE may start to transmit the D2DSS thereby becoming a CSS so that the ISS may eventually adjust its synchronization to the CSS.
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Figure 1 CSS transmits synchronization signal 
Proposal 1:
In-coverage UE transmits a D2DSS when detecting another D2DSS from an out-of-coverage source. 
For the out-of-network coverage scenario, in general it is desirable to have a small number of synchronization clusters, especially if UEs in different clusters are within communication range.  This approach potentially allows for better use of resources.

For the purpose of illustration, considered the case illustrated in Figure 2, where it is assumed that UE3 cannot hear the D2DSS from UE1 (ISS) and would thus have to become its own synchronization source.  To avoid this situation and further extend the range of the UE1 synchronization domain/cluster, it is proposed that UE2 relays the synchronization from UE1.  
This can be achieved by the UE2 detecting UE3 by measuring the strength of the D2DSS received from UE3, and then relaying synchronization signal from its ISS (becoming an RSS of UE1) if it determines that UE3 has a different synchronization source.  This is similar in concept to the partial coverage scenario discussed above. 
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Figure 2 RSS transmits synchronization signal
Proposal 2:
Out-of-coverage UE transmits a D2DSS when detecting another D2DSS from a different out-of-coverage source. 
2.2 Synchronization Source Priority 
If a UE transmits a D2DSS, then the rules for determining which source the UE uses as the timing reference for its D2DSS transmissions needs to be determined.  It has been agreed that synchronization sources which are eNBs have a higher priority than synchronization sources which are UEs.  Next is to determine the relative priority of synchronization sources. 
Naturally the main criterion for SS selection should be the synchronization signal strength; a UE synchronization should not be compromised if a valid or suitable SS is available.

Proposal 3: 
The main criterion for synchronization source selection is D2DSS signal strength.

Besides signal strength, the UE may also need to prioritize SS when multiple sources are available and of sufficient signal strength.   One example use-case of this could be when a UE has a choice to select between an independent SS and a relaying source connected to the network infrastructure; in this case it may be advantageous for the UE to use the relaying SS as it would potentially give the UE access to a network relay.  Figure 3 illustrates such scenario where UE3 needs to determine for example upon powering on its synchronization source from either a CSS (i.e. a synchronization source that is within network coverage (e.g., UE1)) or an ISS (i.e. a synchronization sources that is out-of-network coverage (e.g., UE2 in the Figure). 
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Figure 3 D2DSS from CSS and ISS
There may be other considerations that need to be taken into account for prioritizing the synchronization sources including whether or not the UE is in an active communication session with other nodes in a different synchronization domain, and whether the UE would be capable of maintaining synchronization to multiple synchronization domains simultaneously.  In a public safety scenario for example, it may be unacceptable to lose connection to an active group communications because of a nearby connected synchronization source.

Observation 1:
Other criteria for synchronization source selection should be considered while taking into considerations PS out-of-coverage scenarios.

2.3 Synchronization Source Reselection
In a typical mobile communications environment, it is expected that the radio conditions between synchronization nodes and the UEs change dynamically.  A UE may thus need to change synchronization sources, for example when it moves further away from an ISS and closer to CSS, as shown in Figure 3, or when the UE moves further away from its current ISS and moves closer to a second ISS, as illustrated for example in Figure 4.
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Figure 4 UE moves from one cluster to another cluster
Synchronization source reselection for out-of-coverage scenario could be considered to be similar in nature to Idle mode mobility.  

Observation 2:
Procedures for synchronization source selection/reselection are similar in nature to Idle mode Cell Selection/Reselection procedures and similar approaches should be considered.
3 Conclusion

In this contribution, we provide our views on the remaining design aspects of D2D synchronization. According to discussions above, we have the following observations and proposals: 
Observation 1:
Other criteria for synchronization source selection should be considered while taking into considerations PS use cases.
Observation 2:
Procedures for synchronization source selection/reselection are similar in nature to Idle mode Cell Selection/Reselection procedures and similar approaches should be considered.
Proposal 1:
In-coverage UE transmits a D2DSS when detecting another D2DSS from an out-of-coverage source.

Proposal 2:
Out-of-coverage UE transmits a D2DSS when detecting another D2DSS from a different out-of-coverage source. 

Proposal 3: 
The main criterion for synchronization source selection is D2DSS signal strength.
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