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1. Introduction
RAN1 #76bis has agreed the following on the D2D synchronization signals and procedures:
Agreement:
· For selection of a timing reference D2D synchronization source

· The same prioritization rules should be applied for selection and reselection of the synchronization sources

Agreement:
· D2DSS of synchronization source derived from eNB is different to D2DSS of synchronization source not derived from eNB 
Agreement:

· 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
· Set of other possible values of X is FFS

· Other criteria under which a UE may become a D2D synchronization source are not precluded – FFS

· Any possible conditions under which a UE shall not become or shall cease to be a D2D synchronisation source are FFS

· 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

· Any possible conditions under which a UE shall not become or shall cease to be a D2D synchronisation source are FFS

Agreement:

· For out-of-coverage UEs

· Synchronization resources that occur periodically are used for transmitting D2DSS 

· FFS whether PD2DSCH (if supported) is transmitted

· Size of a synchronization resource is FFS

· It is fixed in specification

· Periodicity of synchronization resources is pre-configured 

· Whenever a D2D Synchronization Source transmits on a synchronization resource, it transmits at least D2DSS on the synchronization resource, and receives at least D2DSS on other synchronization resource(s) (which may or may not be pre-configured)
· Which synchronization resource is used for transmission is FFS
· FFS: timing offset between transmit and receive resources

· FFS: possible mechanism to handle the case of other out-of-coverage UEs transmitting on the same synchronization resource as the UE is transmitting on. 
· Working Assumption: For both in-coverage and out-of-coverage, a synchronization resource for D2DSS occupies the 6 central RBs of a sub-frame

RAN1#77 has agreed the following on the D2D synchronization procedure:
Agreements:
· The set of D2DSS that can be transmitted by a UE is divided into two groups:

· D2DSSue_net: A set of D2DSS sequence(s) transmitted by UE when the transmission timing reference is an eNB
· D2DSSue_oon: A set of D2DSS sequence(s) transmitted by UE when the transmission timing reference is not an eNB
· FFS: If multi-hop is supported

· When UE is out of coverage and detected a D2DSS in D2DSSue_net, 

· FFS: whether UE transmits a D2DSS in D2DSSue_net or in D2DSSue_oon or neither
In this contribution, we provide our views on the D2D synchronization procedure. First, we discuss the issue of measurement of D2DSS. Then, we focus on the discussion of other selection criteria for synchronization sources besides D2DSSRP (D2DSS received power) measurement.
2. Discussion and analysis
2.1. Measurement on D2DSS(s)
The role of Synchronization Source could be played by an in-coverage UE if configured by the serving eNB. The network can then properly establish synchronization under the coverage umbrella, as well as in the extended area by potentially configuring Synchronization Sources to provide synchronization timing.
For a certain UE located in an out-of-coverage area, it has been agreed that it could become an independent D2D Synchronization Source if the received signal strengths of all the D2DSS(s) received by the UE are below X dBm. More details of this procedure were studied and discussed in the previous meeting.
In our understanding, measurement based on D2DSS is necessary to facilitate the above Synchronization Source management (autonomously in out-of-coverage case). If the received signal strengths of all D2DSS(s) are below a certain threshold, all these potential reference timings can hardly be deemed to be accurate enough to serve the clock for transmission and data demodulation. Depending on system design requirement, different strategies could be applied by setting different values of X. The configuration of X values should allow values other than infinite. Further discussion can be found in our companion contribution [4].
Even for in-coverage case, the report of D2DSS measurement could assist eNB on how to select a UE to configure as a D2D Synchronization Source. Since an in-coverage Synchronization Source has a higher priority than an out-of-coverage Synchronization Source, properly configuring in-coverage Synchronization Source(s) may reduce the number of self-established independent Synchronization Source in out-of-coverage areas. This may help achieve a more stable synchronization network and fewer independent timing references.
To support at least the already agreed synchronization procedure, it is necessary to define a measurement procedure for D2DSS(s) in TS36.214.

Proposal 1: A D2DSS(s) measurement, D2DSS received power (D2DSSRP), should be defined as the linear average of the received power [in W] over the resource elements that carry the D2D synchronization signal. 

The D2DSSRP can be used by RRC_CONNECTED UEs as well as RRC_IDLE UEs to assist both the intra- and inter-frequency synchronization procedure. 

Proposal 2: The D2DSSRP measurement applies to RRC_IDLE and RRC_CONNECTED UEs, and for both intra- and inter-frequency, to assist at least the D2D synchronization procedure. 
It is FFS whether a UE within the network coverage has to be RRC_CONNECTED in order to transmit D2DSS. It is also FFS how D2DSS can be transmitted in multi-carrier operation.
2.2. D2DSS selection criteria
Besides D2DSSRP measurement, other criteria which can be used for a UE to become a D2D synchronization source were left FFS at the previous meeting. Here, we consider the necessity and design details of other criteria for a UE to become a D2D synchronization source for the out of coverage scenario. 
When selecting synchronization sources, several factors including synchronization accuracy, interference avoidance, power consumption, and resource usage should be considered [2][3]. To incorporate these different factors, we propose a priority value based method to address this FFS problem. Intuitively, it is more effective than to use only the D2DSSRP value to select synchronization source. To develop a complete solution, other criteria should be further used to address this problem. 
We need to consider other parameters, such as the aging of timing reference; the number of hops from eNB; synchronization source type; signal strength when determining the synchronization source. The age of timing reference is denoted as the absolute time duration over which a synchronization source has transmitted D2DSS. If the age of a D2DSS is large (old), it is likely that the D2DSS has been used by more UEs in the network and its D2DSS has higher stability. Hence, it will be given a higher priority accordingly [1]. 
We propose a priority value based synchronization source selection scheme. A UE could calculate the priority value based on the recorded parameters. The parameters are transmitted via the D2D synchronization channel (PD2DSCH). A UE could also calculate the priority value of other D2DSS based on the received parameters. UE can compare its own and any others priority value to select the synchronization source, or to decide whether to become a synchronization source and send out its own D2DSS, or stop transmission as a synchronization source. 
This priority value based method can be used together with D2DSSRP value based method to better select or cease to be a D2D synchronization source. 

Proposal 3: In addition to the agreed rule, a UE computes a priority value based on parameters including the aging of timing reference; the number of hops from eNB; synchronization source type; signal strength as part of the criteria for synchronization source selection.
3. Conclusion
In this contribution, we discussed the required measurement of the D2DSS signal, and other factors that need to be incorporated into the synchronization procedure. We propose to use a priority value based mechanism to determine the D2D synchronization sources.
Proposal 1: A D2DSS(s) measurement, D2DSS received power (D2DSSRP), should be defined as the linear average of the received power in W over the resource elements that carry the D2D synchronization signal. 

Proposal 2: The D2DSSRP measurement applies to RRC_IDLE and RRC_CONNECTED UEs, and for both intra- and inter-frequency, to assist at least the D2D synchronization procedure.
Proposal 3: In addition to the agreed rule, a UE computes a priority value based on parameters including the aging of timing reference; the number of hops from eNB; synchronization source type; signal strength as part of the criteria for synchronization source selection.
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