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1. Introduction
Data transmission between D2D UEs is based on D2D synchronization process. The synchronization procedure is essential to ensure the performance of D2D traffic. After the previous discussion on D2D synchronization procedure, the agreements are listed below.
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

This contribution is an update contribution of [1]. In this contribution, we discuss the synchronization procedure including the D2DSS selection criterion and reselection procedure for timing reference.
2. Discussion
2.1. Synchronization procedure design
In partial coverage scenarios, the working assumption for determining which D2DSS should be used as timing reference for a D2D UEs is:

If a UE transmits a D2D signal, the rules for determining which D2D Synchronization Source the UE uses as the timing reference for its transmissions of D2D signal are

· D2D Synchronization Sources which are eNodeBs have a higher priority than D2D Synchronization Sources which are UEs;

· D2D Synchronization Sources which are UEs in-coverage have a higher priority than D2D Synchronization Sources which are UEs out-of-coverage; 
According to the working assumption, if an out-of-coverage (OOC) UE detects a D2DSS in D2DSSue_net transmitted by in-coverage (IC) UEs, it should use the timing reference derived from the D2DSS for D2D signal transmission. Then the OOC UE, so-called partial coverage UE (PC UE), who acquires transmission timing reference originally from an eNB, will also transmit a D2DSS in D2DSSue_net if it is allowed to be a synchronization source. This type of synchronized transmission with network could avoid the interference from PC UEs to cellular network. Particularly, the D2DSS sequence of PC UE can be the same as that of its reference IC UE. Hence, 3-hop transmission (eNB->IC UE->PC UE->Other OOC UE) is needed to be supported for communication D2DSS in partial coverage scenarios. For OOC UEs who can only detect the D2DSS transmitted by PC UEs, the necessity for them to forward the timing reference of network to larger range is not so strong, since the interference to cellular transmission is expected to be low and those UE would transmit D2D signal in preconfigured resources. They can become independent synchronization source (ISS) and decide transmission timing by themselves. Whether the synchronization acquired from the detected D2DSS can be adopted by these ISS is up to UE implementation.
In out-of-coverage scenario, if each OOC UE transmits D2DSS with its own timing, it would be very complex for a D2D UE to communicate with multiple neighboring UEs. So at least a distributed cluster-based synchronization should be supported in this scenario. An OOC UE detecting D2DSS from an ISS can follow the timing of the ISS and transmit the same D2DSS in D2DSSue_oon if it can be a synchronization source. Then a synchronization cluster can be created around each ISS for synchronized transmission and reception. If an OOC UE detects D2DSS in D2DSSue_oon from another OOC UE who is not an ISS, it could also become an ISS. Whether the synchronization acquired from the detected D2DSS can be adopted is also up to UE implementation. If adopted, the SSID carried by the detected D2DSS can be reused to achieve SFN transmission and avoid unnecessary interference. A stratum level can be carried by PD2DSCH to distinguish ISS and OOC UEs synchronized to ISS in this scenario.
If the stratum level of in-coverage UEs and ISS UEs is set to be 0, then at least D2DSS transmission with maximal stratum level of M=1 needs to be supported according to the above analysis. An example of this synchronization procedure is shown in Fig.1. 
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Figure 1: synchronization procedure with maximal stratum level of M=1

Proposal 1: Multi-hop transmission with maximal stratum level of M=1 is supported for communication D2DSS. Concretely,
· For an OOC UE detecting D2DSS from an IC UE (level=0), it transmits the same D2DSS in D2DSSue_net (level=1) following the timing reference of the IC UE.
· For an OOC UE detecting D2DSSS from an ISS UE (level=0), but not from an IC UE, it transmits the same D2DSS in D2DSSue_oon (level=1) following the timing reference of the ISS.

· For OOC UE only detecting D2DSS from OOC UE (level=1) directly synchronized to IC/ISS UE, it could become an ISS and transmit a D2DSS in D2DSSue_oon (level=0). 
2.2. Mechanism to change reference synchronization source
The reference synchronization source of a D2D UE may change due to mobility or some unexpected conditions (e.g. the battery of its synchronization source is exhausted). For in-coverage UEs, the reference synchronization source is the serving eNB, and the change of reference synchronization source can follow the process of cell switching/reselection. Before the D2D UE finishes the cell switching/reselection process, its D2D transmission can use the target cell synchronization reference, previous synchronization reference or be suspended depending on RAN2 defined procedure. Since a D2D UE is not likely to change cell frequently, the impact to D2D traffic is negligible.
For an out-of-coverage UE, there may be multiple synchronization clusters around, and its reference synchronization source would change more frequently. When a D2D UE reselects its reference synchronization source, the synchronization of its D2D traffic may also change. Then the receiver would lose the synchronization of the transmitter for some time, which would lead to traffic breakout until the receiver detects the synchronization (D2DSS) of the transmitter again. To avoid this as much as possible, a D2D UE is not expected to reselect its reference synchronization source too frequently even when it can continually track the change of neighboring synchronization sources. A periodic selection/reselection mechanism is preferred to ensure the synchronization reliability. The periodicity which could be preconfigured or fixed in specification should be large enough, e.g. several seconds, to avoid frequent scanning and reselection.
Proposal 2: To ensure the traffic continuity, the D2DSS selection/reselection operation should be periodic for out-of-coverage UEs and the periodicity is preconfigured or fixed to several seconds.
It was proposed in [2] that a silent and scanning period (SSP) is adopted to scan possible unsynchronized D2DSS from eNB or UE, and the SSP is aligned for D2D UEs within a synchronization cluster. D2D UEs transmit only D2DSS in the silent and scanning period (SSP) and D2D traffic is broken during the time. This mechanism is analyzed from two aspects:
· In out-of-coverage scenario, if synchronized UEs scan and reselect their timing reference at the same time, there may be mismatched timing between a UE and its reference synchronization source. For example, UE1 takes UE2 as its synchronization source after scanning and follows the timing of UE2, but UE2 changes its timing after scanning in the same time. Then the synchronization between UE1 and UE2 is lost. Furthermore, when an ISS disappears, multiple proximity UEs may become ISS at the same time, which may lead to multiple ISS UEs as well as Tx timings within one cluster. 
· According to current 3GPP discussion and our contribution [3], DL resources are not expected to be used for D2D operation to avoid the impact to WAN operation. Then in partial coverage scenario, FDD UEs or TDD UEs acquiring TDD configuration from IC UEs can detect PSS/SSS in DL carrier or DL subframes, which is not used for D2D transmission. For TDD UEs far from network coverage, they would detect D2DSS from IC UEs and acquire network TDD configuration first before detecting PSS/SSS, as long as there is cell-edge UE transmitting D2DSS. After acquiring TDD configuration of network, they could detect PSS/SSS in network DL subframe. Hence, a SSP interrupting D2D traffic for sake of PSS/SSS detection is not necessary.
To avoid the issues in out-of-coverage scenario, the time for scanning and reselection should be randomized for different UEs. A simple method is leaving the scanning process to be UE implementation and only the reselection periodicity is specified. UEs can scan possible unsynchronized D2DSS in subframes not used for D2DSS signal/channel transmission, and traffic breaking can also be avoided.
Proposal 3: The scanning process within one reselection period can be depended on UE implementation without impact to D2D traffic transmission.
3. Conclusion
In this contribution, synchronization procedure is discussed based on current agreement. How UE transmits synchronization signal and when UE reselects its reference synchronization source are discussed. The proposals are summarized as follows:
Proposal 1: Multi-hop transmission with maximal stratum level of M=1 is supported for communication D2DSS. Concretely,

· For an OOC UE detecting D2DSS from an IC UE (level=0), it transmits the same D2DSS in D2DSSue_net (level=1) following the timing reference of the IC UE.
· For an OOC UE detecting D2DSSS from an ISS UE (level=0), but not from an IC UE, it transmits the same D2DSS in D2DSSue_oon (level=1) following the timing reference of the ISS.
· For OOC UE only detecting D2DSS from OOC UE (level=1) directly synchronized to IC/ISS UE, it could become an ISS and transmit a D2DSS in D2DSSue_oon (level=0). 
Proposal 2: To ensure the traffic continuity, the D2DSS selection/reselection operation should be periodic for out-of-coverage UEs and the periodicity is preconfigured or fixed to several seconds.
Proposal 3: The scanning process within one reselection period can be depended on UE implementation without impact to D2D traffic transmission.
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