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1 Introduction
At RAN1#76bis, an agreement was reached on synchronization procedure:

· 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
Further agreements were reached at RAN1#77:

· D2DSS transmission configuration is the same between D2D discovery and D2D communication if NW supports both D2D communication and discovery

Additionally, at RAN1#78:

· RAN1 understands “D2DSS transmission configuration” in this agreement to include at least the D2DSS sequences. 

This contribution addresses the previous issues listed above and provides the synchronization details for both in-partial-network-coverage group and a group across unsynchronized cells. The contribution is structured to address fundamental questions on synchronization: who transmits D2DSS when and how. Our answers to the questions are shaped to unify the synchronization procedure for both discovery and communication. The focus of this contribution is on the operations pertaining in-coverage UEs. To enable such a procedure, D2DSS reception aspects of the in-coverage UEs are also presented.
2 Synchronization procedure for in-partial-network and inter-cell case
Figure 1 shows the partial-network-coverage (UE 4 receives synchronization signals from UEs 1, 2) and the inter-cell (UE 6 receives synchronization signal from UE 3) scenarios. In this section, we address the basic questions mentioned above. 
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Figure 1: synchronization scenarios for D2D operation
2.1 Who transmits D2DSS?
There are two ways for the network to command D2DSS transmission (the command signal corresponds to synchSource parameter in the D2D RRC parameter list [5]): 
· UE-specific command
· Cell-specific command
We believe that the UE-specific command is more efficient compared to the cell-specific due to the following reasons:
· It saves transmit power and reduces interference. UEs located far from the coverage boundary do not help the synchronization of UEs either in in-partial-network-coverage group or UEs in neighboring cell(s). Therefore it is not necessary to enable those UEs to waste their transmit power while at the same time reducing undesired in-band emissions (IBE) and interference to cellular transmission. 

· No detection issues. As described in [1] and [4], if all the D2D UEs transmit D2DSS in SFN manner, not only delay spread (the resulting delay spread at the receiver due to D2DSS transmission in SFN manner can be more than normal CP length.), but also the variances of the received power and frequency offset corresponding to such a composite synchronization signal would be increased, leading to undesirable effects.

· No waste in resources. Take discovery as an example, it was agreed that” For a cell, within a discovery period, the first sub-frame of the transmission pool can be used for transmitting the PD2DSS and SD2DSS by UEs transmitting discovery signals”. If all the D2D UEs transmit D2DSS in the first sub-frame of the transmission pool, no UE can receive any discovery messages sent in this sub-frame due to the half-duplex issue. Thus, this subframe is wasted, whereas if few UEs were configured to transmit D2DSS, that subframe could be used for discovery message transmission. 
Given the benefits of UE-specific command, we propose:
Proposal 1: A UE becomes a synchronization source by UE-specific command (configuration) sent via RRC signaling.
2.1.1 UE reporting
The UE-specific command can be issued based on reports the eNB receives from UEs as shown in Figure 2. In our view, UE reporting is beneficial for selecting who transmits D2DSS. 
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Figure 2: An example of UE reporting and eNB configuring procedure
The function of D2DSS transmitted by an in-network-coverage UE is to assist out-of-coverage UEs in partial-network-coverage or UEs in neighboring cells. If an in-network-coverage UE detects a D2DSS in D2DSSue_oon, the UE can determine that there is an out-of-network-coverage UE nearby, which then triggers sending a report to the eNB for an assignment to be a D2D synchronization source.
The reporting procedure is easy for inclusion in the specification in the limited time left for Rel-12 as the corresponding measurement is readily available and already defined: for out-of-network-coverage scenarios, it was agreed in RAN1#76bis to define a measurement of the D2DSS signal strength and a receive power threshold(s), which would be used to determine whether a UE could become a synchronization source [1]. Thus, this measurement procedure can be reused for an in-network-coverage UE in order to determine whether it has detected an out-of-network-coverage UE. Note that similar procedures have been proposed in [1], [2], [3].

Further details of measurement for report generation is discussed in section 2.4. The information provided in a UE report is very limited, e.g., one bit is sufficient to indicate the detection of an out-of-network-coverage UE. The information can be reported occasionally, e.g., when an in-network-coverage UE requests to switch on (and off) the D2DSS. 
Whether a UE eventually becomes configured as a synchronization source is decided by the eNB alone. It is noted that the eNB can still take other factors into consideration for determining whether to perform the configuration. For example, if multiple in-network-coverage UEs request to be synchronization source, the eNB can designate which UE/UEs to send the synchronization signal based on mobility, UE traffic load, etc. 
Upon configuration, the eNB can provide PSSID to the UE (to generate D2DSS sequence). The eNB fully controls D2DSS transmissions and can stop them by sending a message to the UEs configured for D2DSS transmissions (see Figure 2). The merit of configuring UEs to become synchronization sources relies on that the eNB can utilize UE reports. A reporting UE has to be in RRC Connected mode which ensures the eNB to easily control the D2DSS transmissions in the cell. 
Proposal 2:  An in-network-coverage UE reports to the eNB for an assignment to be a D2D synchronization source. One bit report is sufficient.
· UEs in coverage are RRC connected when transmitting D2DSS.
2.1.2 Who transmits D2DSS when a network supports both discovery and communication?

As mentioned earlier, our view is to unify the synchronization procedure for communication and discovery as much as possibly feasible. When the network supports both discovery and communication, there are two approaches to configure UEs for D2DSS transmission:
· Approach 1: the network sends a single command/configuration for both services.

· Approach 2: the network sends two separate commands/configurations for discovery and communication
 In our view, the first approach is more advantageous than the second approach, particularly since the network has the ability to configure few UEs as synchronization source. The first approach is

· simpler

·  forward compatible if discovery is extended to out of coverage
· helpful by allowing a cell-edge discovery UE to forward the network timing info to an out-of-coverage UE

Proposal 3: A single UE-specific command enables a discovery and/or communication UE to transmit D2DSS. 
2.2 When to transmit D2DSS?

Assume some UEs are configured for D2DSS transmission. The question this section addresses is when the UEs send the D2DSS. 
Two parameters characterize the “when” question: D2DSS periodicity, and an offset to indicate where in the period D2DSS is transmitted.
1. D2DSS periodicity: As discussed in [7], the D2DSS period should be fixed to 40 ms.
2. D2DSS offset: As discussed in [7], predefined D2DSS resources used for out of coverage UEs. The D2DSS subframe could be fixed within the radio frame. For in-coverage UEs, the starting radio frame number containing the D2DSS subframe can be signaled. Such signaling can be helpful in avoiding overlap (causing problems because of half-duplex) between out of coverage synchronization signal and in-coverage synchronization transmissions. 
With the goal of unifying synchronization procedure for discovery and communication, we suggest the same period and offset are used for both discovery and communication. Note that by using the UE-specific command for D2DSS transmissions, the eNB has the freedom to enable and disable D2DSS transmissions of discovery UEs and therefore, frequent D2DSS transmissions by discovery UEs (which are only few discovery UEs configured typically for D2DSS transmission) is not a major issue.
Proposal 4: D2DSS is transmitted in a predefined subframe (e.g., first D2D subframe) within a radio-frame for both discovery and communication. The radio-frame index within a D2DSS period is signaled to the UE.

· The D2DSS period is the same for discovery and communication and is 40 ms.

2.3 How to transmit D2DSS?

Regarding what is actually transmitted for D2DSS transmitted by an in-coverage UE, we have the following proposals to simplify and unify synchronization procedure:
2.3.1 Which sequence to use?
The D2DSS consists of PD2DSS and SD2DSS. The details of our D2DSS design proposal are provided in [6]. Following the agreement from RAN1#77 on definition of D2DSSue_net and D2DSSue_oon, we suggest
Proposal 5: UEs within network coverage transmit PD2DSS from D2DSSue_net and UEs outside network coverage transmit PD2DSS from D2DSSue_oon.
Proposal 6:  The same PSSID carried in SD2DSS is used for both discovery and communication in-coverage UEs transmitting at least within a cell.
2.4 Reception aspects of D2DSS

Listening to D2DSS transmissions from UEs in out-of-coverage or in other cells would facilitate communication/discovery procedures. As an example, as mentioned in section 2.1.1, an in-coverage UE can inform the eNB regarding the presence of out-of-coverage UEs in its vicinity. The out-of-coverage UE which has not yet been synchronized to the network and has become a synchronization source sends D2DSS from D2DSSue_oon in predetermined resources [7]. Once the in-coverage UE detects D2DSS transmissions from the out-of-coverage UE within a scanning window, reports such detection to eNB.  Then eNB based on the reports configures some in-coverage UEs to become synchronization source. This is shown in Figure 3.
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Figure 3: An in-coverage UE listens to D2DSS transmissions of out-of-coverage UEs, and reports to eNB such detections.
In our view, eNB sets a periodic scanning window for an in-coverage UE. Similar to section 2.2, the windows are determined by: periodicity for scanning, and a start position (similar to D2DSS offset), and an additional parameter, i.e., window length. As an example, the periodicity for scanning can be the same as D2DSS transmission periodicity. The start position is signaled similar to the D2DSS offset (not the same necessarily). The window length is fixed (to e.g., 10 ms). Figure 4 shows scanning parameters.
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Figure 4: scanning window for D2DSS detection
The in-coverage UE at least scans for the duration of the scanning window. If the UE battery is running low, the UE may quit scanning or may indicate a low battery level to the network, and the network could release the UE from scanning for D2DSS transmissions. From battery consumption point of view, the network could also only configure scanning for idle UEs (performed in DRX cycles).
Proposal 7: The network configures a periodic scanning window for an in-coverage UE. Scanning starts in a predefined subframe (e.g., first D2D subframe) within a radio-frame. The radio-frame index within a scanning period is signaled to the UE. The scanning window length is fixed.
3 Conclusion
This contribution discusses a synchronization procedure of UE reporting and eNB configuring, and the following proposals are provided:
Proposal 1: A UE becomes a synchronization source by UE-specific command (configuration) sent via RRC signaling.
Proposal 2:  An in-network-coverage UE reports to the eNB for an assignment to be a D2D synchronization source. One bit report is sufficient.
· UEs in coverage are RRC connected when transmitting D2DSS.
Proposal 3: A single UE-specific command enables a discovery and/or communication UE to transmit D2DSS.

Proposal 4: D2DSS is transmitted in a predefined subframe (e.g., first D2D subframe) within a radio-frame for both discovery and communication. The radio-frame index within a D2DSS period is signaled to the UE.

· The D2DSS period is the same for discovery and communication and is 40 ms.

Proposal 5: UEs within network coverage transmit PD2DSS from D2DSSue_net and UEs outside network coverage transmit PD2DSS from D2DSSue_oon.
Proposal 6:  The same PSSID carried in SD2DSS is used for both discovery and communication in-coverage UEs transmitting at least within a cell.
Proposal 7: The network configures a periodic scanning window for an in-coverage UE. Scanning starts in a predefined subframe (e.g., first D2D subframe) within a radio-frame. The radio-frame index within a scanning period is signaled to the UE. The scanning window length is fixed.
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