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1. Introduction
In the companion document [1], we provided some evaluation results for several UE behaviors for D2DSS transmission. This contribution discusses the detailed D2D synchronization procedures based on the results. 
2. Discussion

2.1. Transmit timing reference selection procedure
As per the current agreement, UE first searches D2DSS before transmitting its D2DSS. During this D2DSS search, the UE performs the procedure to select its transmit timing reference. Among the synchronization signal which meets the minimum quality requirement (e.g, the quality corresponding to the -107 dBm RSRP threshold), a UE selects one D2DSS from which it derives D2D signal transmit timing, including the D2DSS transmit timing. 
Three D2DSS types are defined for the prioritization in this transmit timing reference selection procedure. The prioritization order is PSS/SSS, D2DSSue_net, and D2DSSue_oon. UE selects the D2DSS with the highest priority when multiple D2DSSs are detected. If there still remains multiple D2DSSs after applying this prioritization rule, the UE can utilize other criteria for the final selection like the stratum level and received signal quality. 
It was discussed whether the “stratum level” is signaled together with D2DSS in order to use it as the criterion in the transmit timing reference selection procedure. If it is signaled, the D2DSS with the smallest stratum level is selected for the transmit timing reference in order to propagate the synchronization reference keeping the synchronization hierarchy. We note that UE ignores the D2DSS having the maximum stratum level in this selection procedure to avoid relaying it beyond the maximum hop count. If the stratum level is not signaled, the received D2DSS signal strength can be used as the final criterion so that the one with the strongest received power is selected as the transmit timing reference.
After this selection procedure based on the received D2DSS, a UE finally has its transmit timing reference which is used all the D2D transmissions. If no D2DSS is selected after this procedure, the UE can become an independent synchronization source (ISS) using its own timing reference as least when it has D2D data to transmit.
2.2. D2DSS transmission procedure

As per the agreement “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),” a UE can relay its transmit timing reference by transmitting D2DSS based on its transmit timing reference selected during the transmit timing reference selection procedure. As observed in [1], such transmit timing relaying operation significantly reduces the number of synchronization references to be tracked by each UE. 

In the following, we describe the procedure to select the D2DSS sequence to use for transmission. The detailed behavior depends on whether the stratum level is signaled for the use in the transmit timing reference selection procedure as discussed above. Which synchronization resource to use for D2DSS transmission is discussed in [2].
Step 1: If UE selected PSS/SSS as its transmit timing reference, UE transmits D2DSS according to the signaling from the eNB as discussed in [2]. 
Step 2: else if UE selected a D2DSS X in D2DSSue_net as its transmit timing reference,
A. If the stratum level is signaled together with D2DSS, UE transmits D2DSS X with increasing the stratum level by 1. This is to relay the network synchronization to the other out-coverage UEs.
B. If the stratum level is not signaled, UE selects D2DSS Y from D2DSSue_oon and transmit it. This selection can be random, or the UE may avoid selecting D2DSS it has detected during the transmit timing reference selection procedure.
Step 3: else if UE selected a D2DSS Z in D2DSSue_oon as its transmit timing reference,

A. UE transmits D2DSS Z. If the stratum level is signaled, the UE increase the stratum level by 1 in its transmissions.

Step 4: else if UE has D2D data traffic to transmit, it transmits a randomly chosen D2DSS from the D2DSSue_oon.

We note that the condition in Step 4 is to limit the number of ISSs. As observed in [1], limiting ISS only to D2D data TX UEs significantly reduces the number of synchronizations a UE needs to track.

After this procedure, multiple UEs that are synchronized with each other transmit the same D2DSS. Therefore, a UE does not need to track the synchronization of the individual UE; it is sufficient that a UE only tracks the D2DSS commonly used for a group of UEs. This enables the synchronization relaying operations whose benefit was shown in [1]. Although the final detail is dependent of whether the stratum level is signaled, we can derive common features summarized in the following proposals:

Proposal 1: If a UE selected D2DSS Z in D2DSSue_oon as its transmit timing reference, it transmits D2DSS Z (subject to the D2DSS received signal strength threshold).
Proposal 2: A UE becomes an ISS only when it has D2DSS traffic to transmit.
Proposal 3: A UE assumes that UEs transmitting the same D2DSS are synchronized.
2.3. Considerations in D2DSS reselections
A UE can track the timing references while transmitting its D2DSS, and it sometimes detects some changes in the detected D2DSS. If the UE immediately responds to that change and reselect the D2DSS, the other UEs using its D2DSS as their transmit timing reference will also change the D2DSS-related behavior. As the normal D2D data transmission and reception will be affected during this transient period, the reselection procedure needs to consider both the reaction to the D2DSS detection change and the impact of changing D2DSS transmissions.

From this point of view, a periodic D2DSS reselection can be a simple but effective approach. This means that the UE perform the procedure discussed in Section 2.1 in a periodic manner. In other words, even when a UE detects some changes in the received D2DSSs, it does not change its transmit timing reference and its D2DSS transmission will be kept accordingly until the next reselection procedure starts. With a proper (pre)configuration of this reselection period, too frequent D2DSS transmission change can be avoided, thereby stabilizing the system-level synchronization status. We note that detection of a higher priority D2DSS than the current transmit timing reference might be an exception in this periodic reselection if more prompt synchronization to the network is deemed important.

Proposal 4: UE performs the transmit timing reference selection procedure in a periodic manner.

Another consideration in D2DSS reselections is that the number of synchronization references can be significantly reduced if a UE excludes its own D2DSS during the reselection. To be specific, the evaluation results in [1] show that, when a UE transmitting D2DSS X excludes D2DSS X received from the other UEs in the reselection of its transmit timing reference, multiple synchronization clusters can be merged into a single one. It is apparent that the UE needs to keep transmitting D2DSS X if no D2DSS other than D2DSS X is detected. This leads to the following proposal:
Proposal 5: A UE transmitting D2DSS X reselects D2DSS X for its transmission only when no other D2DSS is detected during the reselection procedure.

One issue in the D2DSS reselection is when a UE perform this D2DSS reselection procedure. It was discussed in RAN1#77 whether a D2D-silent period is necessary. Although the synchronization resources appear in a periodic manner and it is expected that a UE does not transmit any D2D signals on these synchronization resources except for the one used for its own D2DSS transmissions, there can be D2DSS transmissions from eNBs or UEs un-synchronized with this periodic synchronization resources. Thus, in order to help UEs to scan any potential asynchronous D2DSSs, it is necessary to define the D2D-silent period in which this D2DSS scanning is not interfered with by transmissions from D2D UEs in their proximity. If this period is not defined, an out-coverage UE may be unable to detect weak but prioritized D2DSS from eNB or in-coverage UE due to the interference from the other out-coverage UEs.
Proposal 6: To assist UEs with scanning for other synchronization sources for out-of-coverage UEs, a D2D-silent period defined so that it is a multiple of the D2DSS period length. 
3. Conclusion
This contribution discussed the UE procedure for D2D synchronization. The discussions can be summarized as follows: 
Proposal 1: If a UE selected D2DSS Z in D2DSSue_oon as its transmit timing reference, it transmits D2DSS Z (subject to the D2DSS received signal strength threshold).
Proposal 2: A UE becomes an ISS only when it has D2DSS traffic to transmit.
Proposal 3: A UE assumes that UEs transmitting the same D2DSS are synchronized.
Proposal 4: UE performs the transmit timing reference selection procedure in a periodic manner.

Proposal 5: A UE transmitting D2DSS X reselects D2DSS X for its transmission only when no other D2DSS is detected during the reselection procedure.

Proposal 6: To assist UEs with scanning for other synchronization sources for out-of-coverage UEs, a D2D-silent period defined so that it is a multiple of the D2DSS period length.
______________________________________________________________________
Reference
[1] R1-143191, “Evaluation results on the D2D synchronization procedure,” LG Electronics.
[2] R1-143188, “Discussion on resource allocation for D2D synchronization,” LG Electronics.
PAGE  
3

