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1
Introduction
How to support LTE device to device for proximity service has been discussed in several RAN1 WG meetings since the approval of SI [1]. According to the scope of the SI, the two main topics need to be investigated in RAN1 are discovery and communication. And furthermore, as already agreed within RAN1, the following scenarios are to be considered for D2D operation:

· Within network coverage

· Out of network coverage

· And partial network coverage.
In the scenario of partial network coverage, a group of D2D discovering and communicating UEs includes both UE(s) with network coverage and UE(s) without coverage. 
From the view of physical layer design, in order to efficiently support D2D discovery and communication, an essential issue to be discussed is synchronization. In RAN1#73, the following agreement (not a full list) was achieved [2]:

“In cases when at least one external synchronization reference exists, 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 synchronization reference

· T2 is an offset which is positive, negative, or zero.
· Option 3: The synchronization reference is a synchronization signal transmitted by one UE 

· Option 3.1: T2 is fixed in the specification.

· Option 3.2: T2 is obtained from the one UE 

· Option 4: The synchronization reference comprises synchronization signals transmitted by 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 synchronization reference is transmitted by an external source, e.g. GNSS

· 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.”
Different options of the synchronization reference were listed for further study. 
In general, D2D synchronization means how UEs can achieve time and frequency synchronization for efficient D2D discovery and communication. The synchronization solutions may be dependent on the considered scenarios. UEs that are within network coverage are synchronized with the cellular network, and hence the D2D synchronization can benefit from the eNB-UE synchronization. For out of coverage and partial coverage this will not be possible as such. 

In this contribution we focus on D2D synchronization in the scenarios of out of coverage and partial coverage whereas in the coverage scenario is addressed in a companion contribution [3]. 
2
D2D Synchronization without network coverage 
2.1
UE-based SYNC reference
In case of out of NW coverage, D2D discovery and communication may be operated in synchronous or asynchronous mode with different pros and cons. One learning from Wi-Fi is that asynchronous operation leads to serious power consumption due to the required continuous scanning. In contrast, synchronized operation will bring clear benefits in terms of energy and spectral efficiency. Certainly there are also issues with synchronized operation as for example possible additional overhead. Considering LTE is designed as a synchronized system for data and control information transmission, it would be beneficial to reuse the specified concept as much as possible to reduce design complexity. In light of this, we are proposing that even in case of out of NW coverage or partial coverage, synchronized D2D operation is a better solution.
Proposal 1: Considering the benefits of synchronized operation and minimizing the design efforts, D2D operation should be synchronous (for discovery and communication).
In general, an external time reference, like GPS, cannot be always assumed for the scenarios of out of NW coverage and partial NW coverage. In order to still enjoy the benefits of synchronized operation, we are considering a UE-based synchronization scheme where some D2D UEs transmit synchronization reference (SYNC reference) signals, acting as local synchronization references in the similar way as eNBs. The SYNC reference signals could be similar to PSS/SSS, and they can be used for the purpose of synchronization only or as (a part of) the discovery signal.   
An out of NW coverage UE will before starting its D2D operation: 
· First detect with a wider listening window to find out if there is D2D SYNC reference available.

· If no D2D SYNC reference is detected, the UE starts transmitting its own SYNC reference or discovery signal. Otherwise, if the UE can detect any SYNC reference, it will synchronize identified SYNC reference (transmitted from another device) first and then start transmitting its discovery signals. 
In this way, D2D system can be operated in a locally synchronized mode. A difference compared with PSS/SSS transmission by eNBs is that the (presently absent) frequency and timing stability requirements for UEs would presumably be much lower for UEs than for eNBs. Such requirements are needed for SYNC transmitting UEs in order to provide efficient SYNC reference search and synchronization maintenance. 
Proposal 2: Due to the reason that the external SYNC reference is not always available, UE-based SYNC reference scheme for out of & partial network coverage should be considered in RAN1. Whether SYNC reference is part of the discovery signal or not is FFS.
For the case of without NW coverage, neither time nor frequency reference is available from the cellular network. Without any predefined resource for SYNC reference, the UE has to listen in a much wider window (both in time and frequency, also possible in sequence domain if multiple sequences will be used for synchronization purpose) in order to check if a SYNC reference is available. This may introduce quite long latency of detection and also increase the power consumption significantly. In the case that there is predefined frequency resource for SYNC reference transmission, the size of searching window can be reduced with the benefit according to power consumption and synchronization latency. For example the SYNC reference could be transmitted in the central part of the D2D band similar to PSS/SSS transmissions in the central 6 PRBs in LTE DL. Furthermore, reducing the number of potential SYNC sequences could help the search complexity and related power consumption as well.  In this way, the UE would not need to blindly search the whole D2D band with plenty of possible different SYNC sequences. 
Proposal 3: In order to reduce search latency and power consumption, it is desirable to have preconfigured resources in terms of e.g. frequency/sequence for UE to transmit SYNC reference.
If the UE can detect multiple UEs transmitting SYNC reference, the UE actions depend on the purpose of discovery. Generally, the UE would need to maintain information on relative timings (and frequency offsets) of the different SYNC references, in order to be able to participate to the D2D discovery in more than one locally synchronized group of devices. Another related issue is what happens if the without NW coverage UE transmitting SYNC reference over time detects another without NW coverage UE transmitting SYNC? One way can be synchronizing with each other: it can be one SYNC reference UE synchronized to another one or they agree with each other about the new timing for SYNC reference. In the next section we will discuss the case where the without NW coverage UE transmitting SYNC reference and detects another SYNC reference from a UE with NW coverage.
2.2 Partial NW coverage

The scenario with partial NW coverage in some sense can be seen as a special case of out of network coverage. Therefore, we should extend the synchronization approach designed for out of NW coverage case to partial NW coverage. 
In this case, we are proposing that UE with NW coverage is given the role of transmitting SYNC reference from NW. The reasons are multifold: (1) the UE with NW coverage can get the information about the potential interference to regular cellular communication. Therefore it is much easier for the UE and eNB to coordinate the suitable resource for SYNC reference transmission and minimize the interference from D2D transmission to regular cellular communication; (2) UE with NW coverage has better opportunity to get more accurate synchronization reference. For example as discussed in [3], if UE in RRC_Connected mode, timing based on TA adjustment can be used as SYNC reference. (3) This also helps in case the UE out of NW coverage moving back to network coverage, the synchronization latency can be reduced. Based on this:
Proposal 4: To reduce potential interference from D2D operation to regular cellular communication, it is proposed in case of partial NW coverage, the UE within NW coverage transmits the SYNC reference for UEs without NW coverage. Identify which UE to transmit SYNC reference is FFS.
Potentially a number of issues need to be considered for this scenario. One of them is the case that the without NW coverage UE transmitting SYNC reference detects the SYNC reference from a within NW coverage UE. One obvious way is that without NW coverage UE stops transmitting SYNC reference and gets synchronized with the UE with NW coverage. There is no problem if no other out of coverage UE is relying on its SYNC reference for transmission. However, it might be not desirable for the UE to stop transmitting SYNC reference since there might be other D2D UEs connecting to it or relying on its SYNC reference for transmission. One reasonable way is the UE changing the SYNC reference according to the UE within NW coverage and continues serving as SYNC reference point to the connecting other UEs without network coverage. For a D2D UE not transmitting SYNC reference, if detecting one UE within NW coverage, it can change synchronization reference to the UE within NW coverage. In this way, it is always the UEs within NW coverage taking the high priority in defining the SYNC reference. In order to achieve this, there should be ways for D2D UEs to identify whether the detected UE SYNC refers with NW coverage or not. The indication can be included in discovery beacon or in other ways such as pre-configured resource. 
Observation 1: Indication of UE within NW coverage is necessary in order for an out of coverage UE to use a within NW coverage UE as preferred synchronization reference. 
Indication of the network coverage would be useful also for out of coverage UEs searching for a UE that could provide relay connection to the network.
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Figure 1 UE-based SYNC reference for out of NW coverage and partial coverage synchronization
To summarize, as shown in Figure 1: UE1 and UE2 are transmitting SYNC reference in D2D cluster #1 and #2 respectively for out of NW coverage case. And UE3 gets SYNC reference from UE4 which is within NW coverage.
3
Conclusion

In this contribution, firstly we discussed about UE-based SYNC reference which can be applied to both out of NW coverage and partial coverage case. 
In particular with respect to the D2D operation in general we have the following proposal:

Proposal 1: Considering the benefits of synchronized operation and minimizing the design efforts, D2D operation should be synchronous (for discovery and communication).
The discussion of synchronization for both no NW coverage and partial NW coverage leads to the following proposals and observation:

Proposal 2: Due to the reason that the external SYNC reference is not always available, UE-based SYNC reference scheme for out of & partial network coverage should be considered in RAN1. Whether SYNC reference is part of the discovery signal or not is FFS.
Proposal 3: In order to reduce search latency and power consumption, it is desirable to have preconfigured resources in terms of e.g. frequency/sequence for UE to transmit SYNC reference.
Proposal 4: To reduce potential interference from D2D operation to regular cellular communication, it is proposed in case of partial NW coverage, the UE within NW coverage transmits the SYNC reference for UEs without NW coverage. Identify which UE to transmit SYNC reference is FFS.

Observation 1: Indication of UE within NW coverage is necessary in order for an out of coverage UE to use a within NW coverage UE as preferred synchronization reference.
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