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1. Introduction
In the previous RAN1 meeting, the following agreements were made on the D2D synchronization procedure [1].

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 addition, there were a lot of discussions on the D2DSS related aspects, including triggering conditions for D2DSS transmission, D2D SS selection and reselection. In this paper, we present our detailed considerations on these issues. 
2. Synchronization procedures
2.1 Triggering conditions for D2DSS transmission
In-NW coverage
In cellular network coverage, the potential purposes of D2DSS transmission are twofold
· Facilitate inter-cell D2D (especially discovery), since the D2D UEs may not be able to detect the PSS/SSS signals from adjacent cells. Thus, the D2DSS especially from the cell edge SS UEs can provide the synchronization information for the UEs in adjacent cells, which together with the message in the accompanying PD2DSCH would greatly improve the operability of inter-cell D2D in the absence of the explicit inter-cell coordination. 
· Extend the cellular synchronization information and configuration to the out-of-network coverage. This function not only facilitates the D2D operations between the UEs in network coverage and the UEs out-of-network coverage, but also could potentially avoid the cross-interference, especially that from the out-of-network UEs to the cellular system. 
Based on the above considerations, the D2DSS sequences in D2DSSue_net should be transmitted by cell edge D2D UEs or network edge D2D UEs, depending on the specific deployment scenarios. On the other hand, too many cell-edge/network-edge UEs, if they exist, transmitting the D2DSS signals simultaneously also has some drawbacks, e.g., cross-interference and energy consumption. Thus, we have the following proposal for the triggering conditions of D2DSS transmission for in-NW SSs: 
Proposal-1: the triggering conditions for D2DSS transmission for in-NW SSs include the following three conditions, among which C1&C2 shall be satisfied for cell-edge SS configuration and all three conditions shall be satisfied for network-edge SS configuration. 
· C1: received RSRP from the eNB is below X dBm
· C2: received power of detected D2DSS in D2DSSue_net is below Y dBm
· C3: received power of detected D2DSS in D2DSSue_oon exceeds Z dBm
Here, the parameters X, Y and Z are configured by the eNB. 
Out-of-NW coverage

In this case, the D2D UEs can detect neither the PSS/SSS signal from eNB, nor the D2DSS signals from D2DSSue_net. Two scenarios are envisioned where the D2D UE transmits D2DSS as an SS, as follows:
· Scenario-1: the D2D UE has data traffic to transmit (e.g., D2D broadcast/groupcast), and in this case, the UE also transmits D2DSS to provide the synchronization reference for its potential receivers. 
· Scenario-2: the D2D UE has no data to transmit. It transmits the D2DSS just as a volunteer SS to provide synchronization reference to its localized area. 
In case of scenario-1, the D2D UE performs the following procedure to transmit the D2DSS signal:
· Firstly, it scans the D2DSS sequences in D2DSSue_oon. Then, 
· If the received power of detected D2DSS in D2DSSue_oon is below A dBm, it randomly selects one D2DSS sequence from D2DSSue_oon or uses the preconfigured D2DSS sequence (which is also in D2DSSue_oon);
· Otherwise, the D2D UE uses a D2DSS sequence different from the detected D2DSS and adjusts its synchronization timing to avoid sequence collision. 
In case of scenario-2, the D2D UE performs the following procedure to transmit the D2DSS signal
· Firstly, it scans the D2DSS sequences in D2DSSue_oon. Then, 
· If received power of detected D2DSS in D2DSSue_oon is below A dBm, it randomly selects one D2DSS sequence from D2DSSue_oon or uses the preconfigured D2DSS sequence (which is also in D2DSSue_oon);
· Otherwise, if the received power of detected D2DSS in D2DSSue_oon exceeds B dBm, the D2D UE does not transmit D2DSS signal (it synchronizes to the existing SS). 

· Otherwise, the D2D UE uses a D2DSS sequence different from the detected D2DSS adjusts its synchronization timing to avoid sequence collision.
Here, A and B are (pre)configured parameters where B>=A. 
Proposal-2: in out-of-network coverage, the D2D UE scans the existing SSs before transmitting D2DSS and shall avoid D2DSS sequence collisions with the existing SSs. 
Partial-NW coverage

In this case, the D2D UE is out of coverage, but can detect a D2DSS signal from D2DSSue_net. There are also two scenarios similar to those mentioned above. In scenario-1, the D2D UE performs the same operations as mentioned above and it adjusts its synchronization timing to be line with the received D2DSS signal from D2DSSue_net. 
In case of scenario-2, the D2D UE performs the following procedure to transmit the D2DSS signal:
· Firstly, it scans the D2DSS sequences in D2DSSue_oon. Then, 
· If some D2DSS in D2DSSue_oon is detected with the same synchronization timing from that of D2DSS signal from D2DSSue_net, the D2D UE does not transmit D2DSS.
· Otherwise, the D2D UE transmits a D2DSS sequence from D2DSSue_oon. The purpose is to extend the synchronization information to other out-of-network coverage D2D UEs. The D2D UE uses a sequence from D2DSSue_oon instead of D2DSSue_net to avoid giving the understanding that the D2D UE is in network coverage. 
Proposal-3: When a UE is out of coverage and detects a D2DSS in D2DSSue_net, the UE transmits a D2DSS in D2DSSue_oon or does not transmit any D2DSS. 
2.2 D2D SS reselection procedures

D2D SS reselection is needed due to the movement of the D2D UEs and/or the D2D SS. The D2D SS reselection should apply the same priorities as the D2D SS selection regarding the different SS types. The following scenarios can be considered:
Non-SS UE reselects SS:

With the movement of the D2D UE or the SSs (its associated SS or other SSs), the D2D UE may need to reselect the D2D SS for its synchronization reference. In the reselection, the D2D UE prioritizes the D2D SS with a higher priority, i.e., in the order of eNodeBs, in-NW UE SS, out-of-NW UE SS. For different SSs with the same priority, the UE prioritizes the SS with better received D2DSS quality. 
In addition, during the reselection of the SS, the D2D UE may take on a new SS role to coordinate the timing of the existing multiple SSs. For example, when the D2D UE scans a SS in NW coverage and a SS out-of-NW coverage (which cannot detect each other), it synchronizes to the in-NW SS and may transmit a D2DSS in order to coordinate the timing of the out-of-NW SS to that of the in-NW SS with the inter-SS coordination mechanism described below. 
Inter-SS coordination:

Due to movement, two D2D SSs that are far apart originally may move near to each other. In this case, the misalignment in synchronization between these two SSs may lead to some interference issues. Thus an inter-SS coordination mechanism described below may be needed. 
· If the two SSs (say S1 and S2) have the same priority (e.g., both as out-of-NW SS), to avoid confusion (e.g., S1 adjusts to S2 but at same time S2 adjusts to S1) some backoff time can be applied where one SS adjusts its timing to the other only when its backoff window has expired and the other SS has not adjusted its timing.
· If the two SSs have different priority levels (e.g., one in-NW SS and one out-of-NW SS), the SS with low priority shall adjust its synchronization to be in line with the high priority SS. In particular, it continues to act as SS but adjusts the D2DSS timing to that of the other SS. Alternatively, it ceases its SS role if it can. 
In either of above cases, the D2D SS may need to adjust its synchronization. 
3. Conclusions
We discuss some relevant procedures for D2D synchronization. Base on the discussions, we propose the following:
Proposal-1: the triggering conditions for D2DSS transmission for in-NW SSs include the following three conditions, among which C1&C2 shall be satisfied for cell-edge SS configuration and all three conditions shall be satisfied for network-edge SS configuration. 

· C1: received RSRP from the eNB is below X dBm
· C2: received power of detected D2DSS in D2DSSue_net is below Y dBm
· C3: received power of detected D2DSS in D2DSSue_oon exceeds Z dBm
Here, the parameters X, Y and Z are configured by the eNB.
Proposal-2: in out-of-network coverage, the D2D UE scans the existing SSs before transmitting D2DSS and shall avoid D2DSS sequence collisions with the existing SSs.
Proposal-3: When a UE is out of coverage and detects a D2DSS in D2DSSue_net, the UE transmits a D2DSS in D2DSSue_oon or does not transmit any D2DSS.
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