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1
Introduction
D2D synchronization, one of the essential topics applicable to both D2D communication and discovery, has been discussed over several RAN1 meetings. RAN1 has agreed that “A D2DSS can be used for timing and frequency synchronization” [1]. However, regarding the details of D2D synchronization, there are still quite many open issues need to be addressed. For example from RAN1#77 [1], the follow agreement with open issues has been achieved.
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, the synchronization procedure considering UEs with different levels of network coverage (i.e. in-coverage UE and out-of-coverage UE) has not been fully agreed, one example is which D2D UE needs to transmit D2DSS and the triggering condition for D2DSS transmission [2] and this has been pointed out in last RAN1 meeting as one of the open issues. To address this issues, we are resubmitting our previous contribution [3] on the overall synchronization procedure. 
2
D2D synchronization procedure
2.1
Synchronization procedure for UEs with different levels of NW coverage
As described in [3], the objective of the WI is to enable D2D discovery in network coverage and communication in network coverage, in partial network coverage and outside network coverage. As a common procedure applicable to both D2D discovery and communication, looking from D2D system point of view, different levels of NW coverage as mentioned in the WI [3] should be considered when designing synchronization procedure. However, it is worth to point out that from a single UE point of view, the coverage status is either with NW coverage or without NW coverage.
· In-coverage

Comparing to the scenarios with partial coverage or out of coverage, the in-coverage synchronization procedure is reasonably straightforward. As already agreed in RAN1#75, synchronization sources that are eNBs have higher priority over synchronization sources which are D2D UEs, and hence all D2D enabled UEs will connect to the serving cell and derive the synchronization information based on the detected PSS/SSS. The selection of serving cell follows the regular mobility procedure. Synchronization procedures for inter-cell D2D operation, in particular considering non-synchronized networks is addressed in a companion contribution [4].
· Partial coverage and out-of-coverage
As discussed in [5], the situation becomes a bit more complicated in case of partial NW coverage where some of the UEs that might be communicating with each other are in-coverage while some of them are out-of-coverage. Considering the agreed priority order for synchronization source selection, i.e. that D2DSS from in-coverage UEs have a higher priority than those from out-of-coverage UEs, certain ways for the receiving UEs to differentiate the type of the detected synchronization sources are needed. As agreed in RAN1#77 [1], the set of D2DSS that can be transmitted by a UE is divided into two groups: D2DSSue_net and D2DSSue_oon. In-coverage UEs acting as synchronization source will transmit synchronization sequences from D2DSSue_net and out-of-coverage UEs will transmit synchronization sequences from D2DSSue_oon. Based on which group the detected D2DSS belongs, the receiving UEs will know the received timing reference is originated from an eNB or not. 
Regarding to the synchronization procedure, we first look at the procedure for the in-coverage UEs to support the synchronization of out-of-coverage UEs. As shown in [2] one of the issues to be solved is the trigger for in-coverage to relay synchronization reference from NW, i.e. under which condition the in-coverage UEs should act as a synchronization source. For in-coverage UE to become a synchronization source, there are at least two possibilities as shown in Figure 1:
a. Every UE at coverage border that is configured by eNB to transmit D2D synchronization sequence will transmit D2D synchronization sequence in D2DSSue_net. 
b. Selected UEs to transmit D2D synchronization sequence in D2DSSue_net, one example is only UEs that detect unsynchronized D2D synchronization sequence (unsynchronized compared to NW synchronization reference) from D2DSSue_oon will transmit D2D synchronization sequence in D2DSSue_net. 
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Figure 1 Options for D2DSSue_net transmission
In case (a), the NW will configure all UEs that are on the edge of coverage to transmit D2DSSue_net. In this case it is assumed the network configures the UEs based on certain metrics, e.g. measurements on serving cell signal strength, ratio between the serving and other cell signal strengths, timing advance or other metrics, and specifying and configuring such measurements and metrics may not be straightforward. Once the configured conditions are met, the UE will start to transmit D2D synchronization sequence in D2DSSue_net. One important issue with this option is unnecessary transmissions of D2D synchronization sequence which results in increased power consumption and reduced resource usage efficiency, in particular if D2DSSue_net is transmitted on cellular resource and different UEs transmit with different resources. As illustrated in Figure 1 (a), all configured UEs (1, 2 and 3) will transmit D2D synchronization sequence in this case. UE2 and UE3 have no out-of-coverage UE in their proximity, and therefore the D2D synchronization sequence transmission from UE2 and UE3 is unnecessary.  
For option (b), as the configured in-coverage UEs (for example UEs can be configured beforehand or dynamically configured over the air interface) only transmit D2D synchronization sequence from D2DSSue_net when D2DSS in D2DSSue_oon is detected (e.g. the received power of the detected D2DSS_oon in D2DSSue_oon exceeds X dBm) and the detected D2DSSue_oon is not synchronized to NW. If the in-coverage UE is not transmitting any D2DSS and receives D2DSSue_oon which is already synchronized to NW, the in-coverage UE will not start transmitting D2DSSue_net since the out-of-coverage UE is already synchronized and it can get the timing reference from another in-coverage UE. Only when the unsynchronized D2DSSue_oon is detected, the UE starts to transmit D2DSSue_net. Clearly comparing to option (a) unnecessary transmission of D2D synchronization sequence can be avoided and in-coverage UE power consumption is reduced. 
Further optimizations to reduce the UE power consumption can be obtained as well. For example, if the synchronization source cannot detect any D2DSSue_oon anymore, then the synchronization source UE will stop transmitting D2DSSue_net. Since in this case, it is likely that out-of-coverage UEs moved away from the synchronization source UE or it moved into the area with NW coverage. 
Based on this discussion, it is proposed that:
Proposal 1: In case of partial NW coverage, transmission of D2DSSue_net from in-coverage UEs is triggered by the detection of unsynchronized D2D synchronization sequence (unsynchronized compared to NW synchronization reference) from out-of-coverage UE in order to avoid unnecessary D2DSSue_net transmissions.
In the following we will discuss one open issue from RAN1#77:
· 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.
As discussed above, to avoid unnecessary transmission of D2DSSue_net from in-coverage UEs, it is more efficient if the transmission of D2DSSue_net is triggered by the detected synchronization sequences from out of coverage UEs. When a UE is out of coverage and detected a D2DSS in D2DSSue_net, this out of coverage UE should start to transmit D2DSS in order to continue triggering the transmission of D2DSSue_net. 

If the out of coverage UE starts to transmit a D2DSS in D2DSSue_net, in order to keep the in-coverage UE transmitting D2DSS in D2DSSue_net, in any case there should be a way to differentiate the D2DSS transmitted by UE with NW coverage and UE without NW coverage, which means the synchronization sequences within D2DSSue_net would need to be divided into two sets: one for UEs with NW coverage and another set for out of coverage UEs who can detect a D2DSS from in-coverage UE. 

Another option is the out of coverage UE starting to transmit D2DSS in D2DSSue_oon. Since the D2DSS is transmitted by out-of-coverage UE, we think this is a better solution. In this way, the in-coverage UE will continue transmitting D2DSSue_net if D2DSSue_oon is detected. D2DSS in D2DSSue_oon could be further divided into two sets if necessary. This would allow to give high priority for UEs who can detect D2DSSue_net, for example. In this case one set of sequences can be specified for UEs who can detect D2DSSue_net and the other set for UEs who cannot detect D2DSSue_net. 
Proposal 2: When UE is out of coverage and detected a D2DSS in D2DSSue_net, the UE transmits a D2DSS in order to trigger in-coverage UE to continue transmission D2DSS in D2DSSue_net.
Proposal 3: When UE is out of coverage and detected a D2DSS in D2DSSue_net, the UE transmits a D2DSS in D2DSSue_oon. It is FFS whether different sequences should be used to distinguish between the D2DSSue_oon transmitted from UEs (who can detect and synchronize to D2DSSue_net) and the D2DSSue_oon transmitted from UEs who cannot detect D2DSSue_net.
Proposal 4: If an out-of-coverage UE starts to transmit a D2DSS in D2DSSue_net after the UE has detected a D2DSS in D2DSSue_net, different sequences should be used in D2DSSue_net to distinguish between the D2DSS transmitted from the UE (who can detect and synchronize to a D2DSS in D2DSSue_net) and the D2DSS transmitted from in-coverage UE.


The synchronization procedure for out-of-coverage UEs (e.g. no eNB detected after powering up or cellular connection is lost) is discussed in the following. Before starting D2D operation, a UE scans for any possible existing D2D synchronization sources. If no D2DSS is detected or if the signal quality of the detected D2DSS is lower than a pre-defined threshold, it is considered that no valid D2DSS has been detected and the UE can start transmitting D2D synchronization sequence in D2DSSue_oon. On the other hand, if D2DSS is detected, the UE will synchronize to the detected synchronization source and utilize the derived timing/frequency reference for D2D transmission/reception in a similar way as defined in the current LTE specification. The detected D2DSS can be D2DSSue_net or D2DSSue_oon and, following the agreements in [1], D2DSSue_net has higher priority than D2DSSue_oon. Therefore, in case D2DSSue_net can be detected, the out-of-coverage UE will synchronize to D2DSSue_net. Otherwise, it will synchronize to the detected D2DSSue_oon.
The synchronization procedures for in-coverage UE and out-of-coverage UE are summarized in Figure 2.
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Figure 2 Example synchronization procedure for in and out-of-coverage UEs (high priority D2DSS re-selection is considered)
3
Conclusion

In this contribution, firstly we discussed the synchronization procedure for the scenarios with different level of network coverage. And based on the analysis we have the following proposal:
Proposal 1: In case of partial NW coverage, transmission of D2DSSue_net from in-coverage UEs is triggered by the detection of unsynchronized D2D synchronization sequence (unsynchronized compared to NW synchronization reference) from out-of-coverage UE in order to avoid unnecessary D2DSSue_net transmissions.

Considering the open issue on out-of-coverage UE, the following proposals and observations:
Proposal 2: When UE is out of coverage and detected a D2DSS in D2DSSue_net, the UE transmits a D2DSS in order to trigger in-coverage UE to continue transmission D2DSS in D2DSSue_net.
Proposal 3: When UE is out of coverage and detected a D2DSS in D2DSSue_net, the UE transmits a D2DSS in D2DSSue_oon. It is FFS whether different sequences should be used to distinguish between the D2DSSue_oon transmitted from UEs (who can detect and synchronize to D2DSSue_net) and the D2DSSue_oon transmitted from UEs who cannot detect D2DSSue_net.
Proposal 4: If an out-of-coverage UE starts to transmit a D2DSS in D2DSSue_net after the UE has detected a D2DSS in D2DSSue_net, different sequences should be used in D2DSSue_net to distinguish between the D2DSS transmitted from the UE (who can detect and synchronize to a D2DSS in D2DSSue_net) and the D2DSS transmitted from in-coverage UE.


References

[1] RAN1#77 Chairman meeting minutes, May, 2014. 
[2] R1-142661, WF on triggering condition for D2DSS transmission, Samsung, Nokia, NSN, Intel, May 2014.

[3] R1-143254, Synchronization procedure for D2D communication and discovery, Nokia Corporation, Nokia Networks, Aug. 2014.

[4] R1-144163, Discussion on
inter-cell synchronization and conditions for D2DSS transmission, Nokia Corporation, Nokia Networks, Oct. 2014.
[5] RP-140518, Work item proposal on LTE Device to Device Proximity Services, Qualcomm, March, 2014.

Nokia Internal Use Only
Nokia Internal Use Only

_1472796740.vsd
�

�

�

UE starting D2D operation


D2DSS detection


D2DSS detected


Synchronizing with the detected D2DSSue_net and transmitting D2DSSue_oon


Y


UE starting to transmit D2DSSue_oon and acting as the synchronization source 


N


D2DSSue_net detected


Y


N


Synchronizing with the detected D2DSSue_oon


Coverage  awareness


D2DSSue_oon detection


D2DSSue_oon detected


Transmitting D2DSSue_net


D2DSSue_oon synchronized to NW


Y


N


Y


(a) In-coverage UE


(b) Out-of-coverage UE


N



