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1. Introduction
In the meeting #76bis, when a UE can become D2D synchronization source and transmit D2DSS was discussed for both out of coverage and in coverage cases. The agreement was listed below as a starting point:
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 synchronization 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 synchronization source are FFS
This contribution is an updated contribution of [1]. In this contribution, the detailed criterion to determine whether a D2D UE could be a synchronization source is discussed for different types of UEs.

2. Discussion
2.1. Discussion on the design principles
Before discussing the detailed criterion for whether a D2D UE should or should not be a synchronization source, the guiding principle for the criterion is analyzed in this section. The following three principles are proposed to be considered for further discussion on this issue.
Principle 1: D2DSS transmission should meet the synchronization requirements for D2D transmission.
The synchronization requirements for D2D transmission come from two aspects: Tx-Rx synchronization and D2DSS relaying. On one hand, D2DSS transmission should ensure that a receiver can acquire the synchronization of the transmitter if it wants to detect the D2D signal from the transmitter. On the other hand, the synchronization of network should be able to be forwarded out of the coverage of the network to enlarge the coverage of an eNB and reduce the interference, which is so-called multi-hop synchronization in [2]. This function can be achieved via D2DSS transmission from some cell-edge D2D UEs.
Principle 2: D2D UE should be allowed to transmit D2DSS in IDLE state.
In current discussion, D2D UEs are assumed to be able to transmit and receive D2D data signal in IDLE state. It is straightforward that D2DSS transmission is also allowed for IDLE UEs. Within a cell, there may be a mass of IDLE UEs that needs to transmit D2DSS. There would be considerable and unworthy resource and power consumption if IDLE UEs are required to enter RRC_CONNECTED only to transmit D2DSS, especially when the D2DSS periodicity is very small.
Principle 3: No new measurement in D2D is expected to be introduced in Rel-12.

If any new measurement mechanism is introduced in Rel-12, there would be additional effort in RAN1 and RAN 4. This is not expected considering the limited time for Rel-12 WID except that it is very necessary. Current RRM measurement can be reused as much as possible to assist the judgment as a synchronization source.
Based on the above principles, we discuss the criterion to judge whether an in-coverage UE or out-of-coverage UE can be a synchronization source in the following sections.
2.2. Out of coverage UE
Received signal strength of an ISS (Independent Synchronization Source) can indicate the synchronization coverage of an ISS and somehow the “distance” between the receiving UE and ISS as mentioned in online discussion. Some UEs which are closer to a certain ISS may not need to become a D2D synchronization source which can reduce these UEs’ power consumption. The original concern of the above agreement for out-of-coverage UE is to reduce the transmission frequency of D2DSS from UEs closer to a synchronization source (ISS). However, if a finite value of X is configured, it may lead to the lack of synchronization between a communication pair in some scenarios. 
An instance is shown in Fig.1. In the figure, the black ellipse shows the synchronization coverage of ISS UE1, and the blue ellipse is the communication coverage of UE2 who is close to UE1. Since the transmit power of D2D UE is limited, the range of the two coverage area is close. For a D2D UE3 who is within the communication coverage of UE2 and outside the synchronization coverage of UE1, it can’t communicate with UE2 if D2DSS is not transmitted by UE2 since the receiving power Z in UE2 is larger than the threshold X. It is possible to solve this issue in some cases when X is set large enough, but X cannot be proper set since it is pre-configured in UE. The above case may always exist unless X is set to be infinite.
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Figure 1: An example for out of coverage scenarios

There are two solutions for this issue:
· Opt.1: The value of X is always infinite for all out-of-coverage (OOC) UEs.
· Opt.2: D2DSS transmission is triggered by synchronization signal from unsynchronized UEs.
Opt.2 needs new measurement mechanism to judge whether an unsynchronized D2DSS is received, e.g. the receiving power should be larger than a predefined threshold. Furthermore, UE3 in the above example may not transmit D2DSS if it is also closer to another ISS. Then the D2DSS transmission from UE2 can’t be triggered and the above issue is not solved by this option. Hence, according to above Principle 1 and 3, Opt.1 is proposed to be applied for OOC UEs. All OOC UEs having communication traffic should be allowed to transmit D2DSS.
Proposal 1: An OOC UE to transmit D2D communication signal becomes a D2D synchronization source and transmits D2DSS (X=infinite only).
2.3. In coverage UE
For in-coverage UEs, the issue in Fig.1 doesn’t need to be considered since the transmit power of eNB is significantly higher than that of UE. The communication range of a cell central UE would not exceed the synchronization coverage of its serving eNB as shown in Fig.2. In this case, central UEs don’t need to transmit D2DSS and these UEs’ power consumption can be reduced. At the meanwhile, it can also reduce the potential interference to cellular traffic. D2DSS transmitted by cell-edge UEs can already meet the requirement from D2D transmission.
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Figure 2: An example for partial scenarios
Based on the analysis, the possible options to determine the synchronization source are listed and analyzed.
· Opt.1: Configuration by eNB for each UE based on UE feedback/request.
· May need new measurement mechanism based on D2DSS
· Best flexibility for RRC_Connected UEs at the cost of additional feedback design
· Not supported by Idle UEs
· Opt.2: SIB configuration by eNB for all D2D UEs.
· D2DSS would always be transmitted by all D2D UEs to support D2D transmission
· Even combined with Opt.1, the flexibility is bad for Idle UE
· Opt.3: By comparison of RSRP and a threshold configured by eNB.
· Same function as Opt.3 without any new measurement mechanism
· Meet the requirement of D2DSS forwarding to neighboring cells or OOC UEs
· Opt.4: triggered by D2DSS in D2DSSue_oon.
· Need new measurement mechanism based on D2DSS
· Synchronization forwarding to out-of-coverage can also be satisfied by Opt.3
According to the above comparison, Opt.3 could meet the synchronization requirements of D2D transmission with minimal specification effort, which doesn’t need any new feedback or measurement. Considering the deadline of Rel-12 WID, it is proposed that this option is applied. The eNB can configure a proper threshold X to ensure the inter-cell D2D and transmission in partial coverage, e.g. based on RSRP feedback from UEs. 
Proposal 2: An in-coverage UE to transmit D2D discovery/communication signal becomes a D2D synchronization source if the RSRP measured by the UE is below X dBm where the value of X is configured by SIB. 
3. Conclusion 

Following online discussion in the RAN1#77 meeting, this contribution further analyzes when an in-coverage or out-of-coverage D2D UE becomes a synchronization source. Two proposals are given as below:

Proposal 1: An OOC UE to transmit D2D communication signal becomes a D2D synchronization source and transmits multi-hop D2DSS (X=infinite only).
Proposal 2: An in-coverage UE to transmit D2D discovery/communication signal becomes a D2D synchronization source if the RSRP measured by the UE is below X dBm where the value of X is configured by SIB. 
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