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1. Introduction
In RAN1#73 meeting, synchronization reference of D2D transmission timing was discussed and several candidate options for reference point in time were identified for discovery and communication. In RAN1#74bis meeting, terminologies for D2D synchronization were defined, and the agreements on D2D transmission timing were rewritten based on corresponding terminologies as follows [1]:
A D2D synchronization source transmits a D2D synchronization signal (D2DSS) which may be used by a D2D UE to obtain time and frequency synchronization.  The D2DSS transmitted by a D2D synchronization source which is a eNB shall be the Rel-8 PSS/SSS. The structure of D2DSS transmitted by D2D synchronization sources other than the eNB is TBD. In cases when at least one D2DSS is received by the D2D UE, which is always the case at least within NW coverage:

· A UE begins to transmit a D2D signal at the time instance of T1-T2.

· T1 is the reception timing of the D2DSS

· T2 is an offset which is positive, negative, or zero.
· Option 1: The reference point in time for the D2D signal transmission time is derived from D2DSS received from a cell (not precluding the possibility that different D2DSSs may be used at different times).

· In this option, the cell may or may not be the serving cell of the UE

· Option 1.1: T2 is fixed in the specification.

· Option 1.2: T2 is configurable by the network.

· Option 1.3: T2 is derived from the PUSCH transmit timing associated with the cell (this option is only applicable in cases when the UE knows the PUSCH timing).

· Option 2: Void.

· Option 3: The  reference point in time for the D2D signal transmission time is derived from a D2DSS received from UE(s) (not precluding the possibility that different D2DSSs may be used at different times)

· Option 3.1: T2 is fixed in the specification.

· Option 3.2: T2 is obtained from the UE(s) 

· Option 4: The  reference point in time for the D2D signal transmission time is derived from D2DSSs  received from more than one UE 

· Option 4.1: T2 is fixed in the specification.

· Option 4.2: T2 is obtained from the UEs 

· Option 5: The  reference point in time for the D2D signal transmission time is derived from an external source, e.g. GNSS

· Other options are not precluded. 

· For D2D discovery signal within NW coverage, Options 1&5 are considered for further study.

· For D2D discovery signal outside NW coverage, Options 3, 4&5 are considered for further study.

· For D2D communication signal, Options 1, 3, 4 & 5 are considered for further study.

· At least option 1.3 is supported for within NW coverage
Further study is required for the transmission timing in cases when a D2DSS is not received. 
Note that a full definition of “within” and “outside” NW coverage is needed; revisit the relation between the above options and within/outside NW coverage after such a definition is clarified.

In this contribution, we discuss the synchronization operation of D2D discovery and communication. The reference for transmission timing (defined as T1 in the above agreement) is discussed and the timing mechanism for receiving of D2D signal is also analyzed based on the proposed transmission timing.
2. The definition for within and outside NW coverage
For clearer description of D2D transmission timing, the definition of within and outside NW coverage in this contribution is clarified first. The UE within NW coverage, so-called in-coverage UE in this contribution, is defined as UE who can acquire the DL timing from a cell. That is to say, it can receive the PSS/SSS as well as PBCH from a cell. Similarly, the UE outside NW coverage, so-called out of coverage UE, is defined as UE who is not able to acquire the DL timing from any cell. 
3. The reference point in time for D2D discovery
In this contribution, only the reference point in time for D2D signal transmission defined as T1 in [1], is discussed. The offset to the reference point in time for D2D transmission (T2) is discussed in our companion contribution [2].
3.1. The reference point in time for in-coverage UEs
For transmission timing of discovery signal for in-coverage UEs, Options 1 or 5 can be considered. Option 5 is limited by the application scenarios (e.g. indoor UEs or UEs without/closing GPS), while Option 1 is a robust solution that can be adopted by all in-coverage UEs. For synchronized transmission of discovery signal within one cell, it is straight that DL timing derived from received PSS/SSS of the serving cell is used as reference point in time for discovery transmission. Then UEs within coverage of a cell can orthogonally share the discovery resources configured by eNB via TDM/FDM. Using the reference timing derived from a cell other than the serving cell for discovery transmission may introduce additional interference between discovery signal and cellular signal due to independent transmission timing.
Proposal 1: DL timing from serving cell (Option 1) is used as reference point in time for discovery signal transmission and receiving for in-coverage UEs.
Based on the reference point in time of proposal 1, the D2D UEs within the same cell can easily detect the discovery signal from each other if the propagation delay does not exceed the CP length. However, D2D UEs from different cells may use different reference points in time for discovery signal transmission in asynchronous network. If a D2D UE can also acquire the DL timing of a neighboring cell via receiving its PSS/SSS and PBCH, it can use the DL timing as reference point in time to detect the discovery signal transmitted by the UEs in the neighboring cell like intra-cell discovery. In case of a D2D UE cannot detect the PSS/SSS or PBCH from the cell in which some UEs are transmitting discovery signal, the reference point in time for discovery signal receiving can be derived from discovery signal transmitted by D2D UEs in the cell. 
In [3], it was proposed for some UEs in a cell to relay the D2DSS of serving cell to the UEs in other cells as the reference point in time. Nevertheless, the relay operation will consume additional discovery resource and transmit power. Additionally, the selection of relay UEs will be difficult. A simple method could be using the discovery sequence within discovery signal from neighboring cell to acquire the reference point in time. If synchronization function is supported for discovery sequence, a UE can acquire the reference point in time by UE-UE synchronization based on discovery sequence. Some discovery sequence designs to support UE-UE synchronization were described in contributions in the past meetings, e.g. the design in [4], and other designs can be further studied. Once one of the D2D UEs in a cell is discovered via scanning through one period, the reference point in time of discovery transmission in the cell can be obtained, and this reference point in time can be used to discover other UEs in the cell without additional synchronization procedure. To reduce the complexity of asynchronously detecting discovery sequence, detection frequency can be reduced, i.e., scanning can be performed with long interval, e.g., tens of seconds.
An example of discovery process based on the above mechanism is shown in Figure 1. UE 1 is a discovering UE to discover D2D UEs in the serving cell and in neighboring cells. UE 1 can directly acquire the DL timing of serving cell (Cell 1) and a neighboring cell (Cell 2) via D2DSS, but cannot acquire the DL timing of Cell 3. UE 2, UE 3 and UE 4 are D2D UEs from different cells transmitting discovery signal based on DL timing derived from their serving cell respectively. UE1 can detect the discovery signal from UE in its serving cell via DL timing 1, and detect discovery signal from neighboring Cell 2 using DL timing 2 as reference point in time. UE1 can also scan the discovery signal from Cell 3 via asynchronously detection of discovery sequence within one period. Once a discovery sequence from Cell 3 is detected, e.g., discovery sequence from UE 4, the reference point in time derived from the discovery sequence can be used to detect the other discovery sequence from UE in Cell 3 similar to the process of Cell 1 and 2. Then the scanning process will be restarted tens of seconds later for any new neighboring cell.
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Figure 1: Intra-cell and inter-cell discovery based on the transmission timing from serving cell

The discovery transmission and reception process is summarized below using the proposed reference point in time for in-coverage UEs:

· UE acquires the DL timing from serving cell, and takes the DL timing as reference point in time for discovery signal transmission. 
· UE scans the PSS/SSS from neighboring cells, and takes each DL timing as the reference point in time for discovery signal receiving of corresponding cell.
· UE scans the discovery sequence from neighboring cells within maximal possible discovery resource period. If any discovery sequence with reference point in time different from acquired reference point in time is detected, the corresponding reference point in time is also taken as a reference point in time for receiving.
· UE independently detects the discovery signals using the above reference points in time. It is FFS how to acquire the discovery resource information of neighboring cells.
· With a long scanning period, the UE scans the discovery sequence to see whether there is a new neighboring cell with different reference points in time.
Proposal 2: DL timing from neighboring cells is used as reference point in time for receiving of discovery signal from neighboring cells for in-coverage UEs.

Proposal 3: UE-UE synchronization via discovery sequence is used as a supplement to support inter-cell discovery.
3.2. The reference point in time for out of coverage UEs
In out of coverage scenarios, if no node can provide a common synchronization reference for D2D UEs, the interference among discovery signal of different UEs may be significant. To reuse the orthogonal transmission scheme within network coverage, some UEs can play the role of eNB to provide the synchronization reference for nearby UEs, and such UEs can be called Cluster Head. A Cluster Head UE will transmit D2DSS and PD2DSCH like PSS/SSS and PBCH in predefined physical resources similar to eNB, and the frame index is carried by the PD2DSCH. A cluster ID can be determined by each CH to generate the D2DSS and PD2DSCH (FFS whether the same values as Cell ID are adopted). If an out of coverage UE willing to transmit discovery signal cannot acquire reference point in time from any CH in predefined physical resources, it becomes a CH and provides reference point in time and relative cluster information for nearby UEs 
Proposal 4: If an out of coverage UE willing to transmit discovery signal cannot acquire synchronization and relative cluster information from any synchronization source, it becomes a Cluster Head and provides those information for nearby UEs.

For out of coverage UE that can detect both D2DSS and PD2DSCH from a Cluster Head, the required reference point in time can all be acquired as that for in-coverage UE. It is natural that the same timing mechanism as that of in-coverage UE can be reused. Each of this type of UE should select a Cluster Head as Primary Cluster Head (PCH), like serving cell within coverage, to acquire the transmission timing for discovery signal. The selection of PCH can be similar to the cell search process, e.g. according to the receiving power of corresponding D2DSS/PD2DSCH. If an out of coverage UE can acquire full reference point in time from multiple CHs, CHs other than the PCH are so-called Neighboring Cluster Head (NCH), like the neighboring cell within coverage. 
Similar to the transmission and receiving timing in Section 3.1, the reference point in time derived from the PCH (Option 3) is used for discovery signal transmission and receiving of discovery signal from the same cluster. The reference point in time derived from NCH is used for receiving discovery signal from neighboring clusters. The same mechanism of UE-UE synchronization via discovery sequence is used as a supplement to support inter-cluster discovery. 
In partial coverage scenarios, in-coverage UE and out of coverage UE may also have to discover each other. The discovery sequence can still be used in this scenario to acquire synchronization between in-coverage and out of coverage UE. Based on the proposed transmission timing, an in-coverage UE can receive the discovery signal from a cluster based on the reference point in time derived from discovery sequence of an out of coverage UE in the cluster. The operation is similar for out of coverage UE to discover in-coverage UE.
An example of discovery process based on the above reference point in time mechanism is shown in Figure 2. UE1 can discover UE2 who also selects the CH 1 as PCH based on the reference point in time derived from its PCH (CH 1). UE1 can also discover UE3 who selects a different CH 2 as PCH based on the reference point in time derived from NCH 2. To discover UE4 who is within the coverage of Cell 1, UE1 needs to scan the discovery sequence sent by UE in Cell 1 first, and then use the reference point in time derived from the discovery sequence from Cell 1 to detect the discovery signal from UE4. 
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Figure 2: Intra-cluster and inter-cluster discovery based on the proposed transmission timing from PCH
Proposal 5: For out of coverage UE that can acquire synchronization and relative cluster information from other synchronization sources, the same timing mechanism as that of in-coverage UE is reused. 

· The reference point in time derived from D2DSS and PD2DCH received from the Primary Cluster Head (PCH) UE (Option 3) is used for discovery signal transmission and receiving.
· The reference point in time derived from D2DSS and PD2DCH received from Neighboring Cluster Head (NCH) UE is used for receiving discovery signal from neighboring clusters.
· UE-UE synchronization via discovery sequence is used as a supplement to support inter-cluster discovery and discovery between in-coverage UE and out of coverage UE.

4. The reference point in time for D2D communication

For broadcast communication within network coverage, the DL timing derived from serving cell can be used as reference point in time of signal transmission for time-frequency orthogonality among communication signal of different UEs and cellular signal. Similar to discovery, the DL timing derived from neighboring cells and timing information derived from communication signal can be used as reference point in time for receiving communication signal from neighboring cells. To support UE-UE synchronization via communication signal, a synchronization sequence similar to discovery sequence should be carried by at least some of the communication signal (either control channel or data channel). The design of discovery sequence can be a reference for this synchronization sequence to simplify the design. Furthermore, the same transmission and receiving timing for discovery and communication signal is beneficial to reduce the UE complexity and better support TDM/FDM between discovery and communication signal.
For out of coverage UEs, the same timing mechanism and reference point in time as discovery can still be reused for broadcast communication. An out of coverage UE that has data to transmit but cannot acquire synchronization and relative cluster information from any synchronization sources will become a CH. Multiple reference points in time can be used by a UE to receive broadcast communication from different clusters. However, if different types of CH are defined as mentioned in [5] for scheduling based resource allocation, the selection mechanism of PCH may be different from that of discovery.
Proposal 6: The same timing mechanism and reference point in time as discovery is used for broadcast communication.

5. Conclusion
In this contribution, we discuss the synchronization mechanism for discovery and communication in different network coverage scenarios. Transmission timing and corresponding receiving timing to support different types of D2D transmission is analyzed. The proposals are summarized as follows.
For UEs within NW coverage:
Proposal 1: DL timing from serving cell (Option 1) is used as reference point in time for discovery signal transmission and receiving for in-coverage UEs.
Proposal 2: DL timing from neighboring cells is used as reference point in time for receiving of discovery signal from neighboring cells for in-coverage UEs.
Proposal 3: UE-UE synchronization via discovery sequence is used as a supplement to support inter-cell discovery.

For UEs outside NW coverage:
Proposal 4: If an out of coverage UE willing to transmit discovery signal cannot acquire synchronization and relative cluster information from any synchronization source, it becomes a Cluster Head and provides  those information for nearby UEs.
Proposal 5: For out of coverage UEs that can acquire synchronization and relative cluster information from other synchronization sources, the same timing mechanism as that of in-coverage UEs is reused. 

· The reference point in time derived from D2DSS and PD2DCH received from the Primary Cluster Head (PCH) UE (Option 3) is used for discovery signal transmission and receiving.

· The reference point in time derived from D2DSSs and PD2DCH received from Neighboring Cluster Head (NCH) UEs is used for receiving discovery signal from neighboring clusters.

· UE-UE synchronization via discovery sequence is used as a supplement to support inter-cluster discovery and discovery between in-coverage UEs and out of coverage UEs.

For broadcast communication: 
Proposal 6: The same timing mechanism and reference point in time as discovery is used for broadcast communication.
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