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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
From RAN1#78bis [2], the following points are agreed.
Agreements from RAN1#78bis:
For in-coverage UEs:
· For a UE transmitting SA or D2D data, in each subframe in the D2DSS resource, the UE shall transmit D2DSS if:

· the subframe does not conflict with cellular transmission from the UE perspective, AND

· FFS other defined conditions, including e.g. UE capability, are satisfied, AND

· the subframe is within the SA or D2D data period in which SA or data is transmitted, AND

· the UE is RRC_Connected and the eNB has instructed it (by dedicated signalling) to start D2DSS transmission, AND/OR FFS other condition(s) are satisfied if the UE is not transmitting SA or D2D data within the SA/data period in which the subframe falls OR all of the following conditions are satisfied: 

· an RSRP threshold for communication D2DSS transmission is configured, AND

· if configured, the threshold is configured using SIB

· the threshold can take values {–infinity, -115 … -60 (increments of 5), +infinity}dBm 

· the RSRP value of the UE is less than the threshold, AND

· the eNB has not instructed the UE (by dedicated signalling) to stop D2DSS transmission.
However, it has not yet been agreed under which conditions UE should transmit D2DSS if the UE is not transmitting SA or D2D data. In this contribution, first we will address the open issue of “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” and then propose D2DSS transmission conditions for UE that is not transmitting SA or D2D data.

2
Discussion on D2D synchronization details
2.1
D2DSS transmitted by out-of-coverage UE
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.

This open issue was discussed in our previous contributions, for example in [3]. From our point of view it is important to propagate the network synchronization reference further and hence the out-of-coverage UE should start transmitting D2D synchronization sequence after detecting D2DSSue_net. This also ensures that other out-of-coverage UEs that are not receiving the DSDSSue_net transmission are aligned to the same reference timing and are thus able to communicate with each other.
If the out-of-coverage UEs would transmit D2D synchronization sequence from D2DSSue_net, certain ways to differentiate the in-coverage synchronization source UEs and out-of-coverage synchronization source UEs would be needed in order to support the agreed priority order for D2D synchronization source selection, i.e. eNB>in-coverage UEs>out-of-coverage UEs. The differentiation can be achieved by e.g. partition of the synchronization sequences or carry such information over PD2DSCH. No matter which method would be taken, more study and discussion would be required. On the other hand, it is much simpler if the out-of-coverage UEs transmit D2D synchronization sequences from D2DSSue_oon. In this way, just based on the detected sequence, other out-of-coverage UEs can determine whether the transmitter UE is with or without NW coverage which can help selection and re-selection of synchronization source. Considering the limited time frame for Rel-12 work, simple solution is preferred. Based on the discussion above, we proposed that:

Proposal 1: When UE is out of coverage and detected a D2DSS in D2DSSue_net, the UE transmits a D2DSS in D2DSSue_oon.  

2.2
Condition for D2DSS transmission for UEs not transmitting SA or D2D data
In this section, we will discuss the FFS point on “other condition(s) are satisfied if the UE is not transmitting SA or D2D data within the SA/data period in which the subframe falls”. In last RAN1 meeting, for a UE transmitting SA or D2D data, the D2DSS transmission conditions was agreed. However, for the UE not transmitting SA or D2D data, it has not been agreed under which conditions the UE should transmit D2DSS. In this section we discuss the necessity for UEs not transmitting SA or D2D data to transmit D2DSS, and then the corresponding triggering conditions are discussed. 
Considering the partial coverage scenario, one of the important objectives for D2DSS and PD2DSCH transmission is to reduce potential interference between D2D links and WAN links, especially the interference from D2D link to WAN link. As also discussed in [4], the interference at the eNB reception by transmissions from out-of-coverage UEs can be really high, especially considering the possible high TX power from out-of-coverage UEs and the potentially small difference in distance between in- and out-of-coverage UEs with respect to the eNB. Moreover, in RAN1#78bis it has been agreed that in-coverage UEs will include TDD configuration in PD2DSCH, which is useful to avoid that out-of-coverage UEs transmit in same resources that are used for DL reception by in-coverage UEs. 

However, one cannot always assume that there is D2D UE with SA or D2D data transmission at coverage border to ensure that out-of-coverage UEs are synchronized to the nearby cellular network, and that they are able to receive the information transmitted in PD2DSCH, which is useful to protect the ongoing cellular communication in the cell. For example, considering the agreed simulation assumption in TR 36.843, on average there are only three D2D transmitter UEs (which transmitting SA or D2D data) in one cell. The probability of the D2D transmitter UEs at coverage border can be quite low, depending on how the RSRP threshold saD2dssRSRP is configured. Therefore, in order to reduce the potential interference, it is necessary that at least some in-coverage UEs transmit D2DSS and PD2DSCH even if they are not transmitting SA or D2D data.

As discussed in [3], obviously it is not efficient if all D2D UEs without SA or D2D data at coverage border transmit D2DSS without any information on the presence of out-of-coverage D2D UEs. In [3, 5] we have proposed a reactive approach to handle this issue such that UEs are able to transmit D2DSS and PD2DSCH upon detection of D2DSS transmitted from out-of-coverage UEs. Based on this discussion, it is proposed that: 

Proposal 2: For in-coverage D2D UEs not transmitting SA or D2D data, the D2DSS transmission is triggered by the detection of D2D synchronization sequence from out-of-coverage UE. 
In [5] we have proposed the introduction of new thresholds for triggering the transmission of D2DSS from in-coverage UEs without SA or D2D data for maximum flexibility, but given the assumption that it is not possible to agree in RAN1 on new RRC parameters for D2D operation in Rel-12, a solution for triggering D2DSS transmissions in the cases mentioned above needs to be based on existing RRC parameters. One alternative here is to utilize the parameter synchSourceThres, which was originally defined to allow out-of-coverage UEs to determine whether they should take the role of synchronization source or not. To be more specific, if the received signal strength of the D2DSS from an out-of-coverage UE is higher than synchSourceThres dBm, the in-coverage UE will consider that D2DSS from out-of-coverage UE is detected. Then the in-coverage UE will start transmitting D2D synchronization sequence from D2DSSue_net and PD2DSCH. It will eventually stop transmitting D2DSSue_net if it no longer detects D2DSSue_oon signal whose power is above synchSourceThres, as shown in Figure 1.
When an out-of-coverage UE, who is transmitting D2DSS, detects D2DSSue_net, it will change its D2DSS transmission timing according to the received synchronization reference from in-coverage UE.
Proposal 3: Parameter synchSourceThres is used to define when in-coverage UE detects D2DSS from out-of-coverage UEs. In this case the in-coverage UE will start transmitting D2D synchronization sequence from D2DSSue_net and PD2DSCH. It will eventually stop transmitting D2DSSue_net if it no longer detects D2DSSue_oon signal whose power is above synchSourceThres.
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Figure 1. State transitions of in-coverage UE that is not transmitting SA or D2D data.
3
Conclusion

In this contribution, firstly we discussed the open issue about D2DSS transmitted by out-of-coverage UEs and then we discussed the issue of D2DSS transmission condition for UEs who are not transmitting SA or D2D data. Based on the discussion we have the following proposal:
Proposal 1: When UE is out of coverage and detected a D2DSS in D2DSSue_net, the UE transmits a D2DSS in D2DSSue_oon.  

Proposal 2: For in-coverage D2D UEs not transmitting SA or D2D data, the D2DSS transmission is triggered by the detection of D2D synchronization sequence from out-of-coverage UE. 
Proposal 3: Parameter synchSourceThres is used to define when in-coverage UE detects D2DSS from out-of-coverage UEs. In this case the in-coverage UE will start transmitting D2D synchronization sequence from D2DSSue_net and PD2DSCH. It will eventually stop transmitting D2DSSue_net if it no longer detects D2DSSue_oon signal whose power is above synchSourceThres.
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