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1 Introduction
Several agreements were achieved during RAN1#78bis with respect to D2D Synchronization procedures.

For in-coverage UEs, a maximum of 1 D2DSS subframe can be configured per cell. For a D2D Communication UE, D2DSS is transmitted in the synchronization subframe subject to several conditions, i.e. the synchronization subframe falls within a used SA and D2D data transmission period for that UE, no conflict with cellular UL, UE capability, RSRP threshold, dedicated RRC signaling, etc. For a D2D Discovery UE, D2DSS is transmitted in the first subframe of the Discovery pool if this subframe is a synchronization subframe, or otherwise in the last such D2DSS subframe before the start of the Discovery pool. Similar to the case of D2D Communication, transmission of D2DSS for Discovery is subject to several conditions. Out of-coverage UEs do not transmit D2DSS on more than 1 D2DS resource. 2 D2DSS resources are used for out-of-coverage. It was left FFS whether these D2DSS locations are preconfigured, signaled or fixed with respect to the DFN.

In RAN1#78bis it was also agreed that D2D Communication UEs which transmit D2DSS will also transmit PD2DSCH for the in-coverage and out-of-coverage case. In-coverage UEs participating only in D2D Discovery do not transmit PD2DSCH. In addition, the periodicity of PD2DSCH, if transmitted, is the same as that of D2DSS, i.e. 40 ms.
In this contribution we discuss D2D synchronization and re-synchronization procedures for in-coverage and out-of-coverage D2D Communication UEs (Section 2). We also present our views on the need to introduce a well-defined synchSourceThresh measurement (Section 3).
2 D2D (re-)synchronization procedures
Summary of D2DSS and PD2DSCH design
Our companion contributions discuss remaining design details for D2DSS [1] and PD2DSCH [2].
In our view, it is advantageous that 3 distinct PD2DSS root indices are used to distinguish between D2D Communication and D2D Discovery. We propose that PD2DSS root indices {26, 37 and 22} indicate D2DSSue_ooc, D2DSSue_net and Discovery respectively. SD2DSS re-uses the 168 distinct root sequences. For D2D Communication UEs where PD2DSCH is available, up to 504 distinct D2DSS identities are obtained by combining the 168 SD2DSS sequences with 2 explicit bits carried on PD2DSCH. For D2D Discovery UEs, either because they only support Discovery as by UE capability, or when Discovery only is configured in the serving cell, 168 distinct D2DSS identities are available. We think this limitation is not prohibitive [1].

We propose that PD2DSCH carries 3 bit system bandwidth, 7 bit Tx resource pool configuration, 1 bit power control and the 2 bit D2DSS ID complement (in addition to the 14 bit DFN, 3 bit TDD UL/DL configuration). PD2DSCH Tx resource pool configuration indicates a subset of RRC configurable SA / D2D Data subframe allocations and/or allocation periodicities as an index list similar to the R8 LTE PRACH configuration index. PD2DSCH when sent by an out-of-coverage D2D Communications UE does not include Tx resource pool and power control fields, i.e. 2 PD2DSCH formats are used [2].
Synchronization procedure for in-coverage D2D Communication UEs
In-coverage D2D Communication UEs in Mode 1 and Mode 2 always derive their transmission timing from the serving cell.

Some in-coverage UEs will transmit D2DSS and PD2DSCH in the eNB configured synchronization subframes every 40 ms. The eNB will configure a DL RRSP threshold for RRC_IDLE and RRC_CONNECTED transmitter UEs, below which in-coverage D2D transmitter UEs will send D2DSS and PD2DSCH. In addition, explicit RRC configuration can be used by the eNB to toggle D2DSS transmissions for selected UEs on / off. Any such in-coverage transmitter UE will generate D2DSS using the PD2DSS root sequence for D2DSSue_net and derived from the Cell ID.
In-coverage D2D Communication UEs will continuously monitor the set of RRC configured or SIB advertised D2DSS subframes in the serving and in the neighbor cells for presence of PD2DSS root sequence corresponding to D2DSSue_net. In addition, the in-coverage UEs will also monitor all subframes for presence of out-of-coverage D2D Communication UEs by attempting to decode PD2DSS using the D2DSSue_ooc root sequence. The latter needs to be done only on a slow timescale order of several seconds and only intermittently.

We recommend that separate UE requirements in terms of number of and detection time for D2DSSue_net and D2DSSue_ooc to be identified are set for in-coverage UEs by RAN4.

We note that it is desirable that in-coverage transmitter UEs can report to the serving cell eNB any detected out-of-coverage UE. This is motivated by the fact that in absence of UE reporting, the eNB cannot identify potential interference situations for cellular UL subframes arising out of the presence of out-of-coverage transmitter UEs in vicinity.

Synchronization procedure for out-of-coverage D2D Communication UEs

Out-of-coverage UEs will continuously monitor all subframes for the presence of PD2DSS corresponding to in-coverage (D2DSSue_net) vs. out-of-coverage (D2DSSue_ooc) transmitter UEs.
In the case that any in-coverage D2DSS (D2Due_net) above a certain detection threshold is found and the corresponding PD2DSCH is read, the out-of-coverage UE then uses the timing derived from in-coverage synchronization sources. The out-of-coverage transmitter UE will then transmit its own D2DSS in the same synchronization subframe also using the identified PD2DSS from the set of D2DSSue_net while intermittently skipping its own D2DSS transmission for the purpose of monitoring other sync sources present in the vicinity.
In the case that no in-coverage derived PD2DSS above the detection threshold is found, the out-of-coverage UE will follow the strongest received D2DSS from the set of D2DSSue_ooc. The out-of-coverage transmitter UE will transmit its own D2DSS in the same synchronization subframe using the identified PD2DSS from the set of D2DSSue_ooc while intermittently skipping its own D2DSS transmissions for the purpose of monitoring other sync sources.
Similar to the case of in-coverage UEs, RAN4 should define separate detection requirements in terms of number of D2DSSue_net to be detected over a given observation period vs. number of D2DSSue_ooc and required measurement accuracy based on received D2DSS for such signals in order to identify any out-of-coverage sync sources that may be present in vicinity. In addition re-evaluation periods in the order of several hundred or msec’s are needed for the sync source re-evaluation criteria when following the timing of a given identified and tracked out-of-coverage PD2DSS.
In summary we propose based on the above principles for D2DSS and PD2DSCH design that the D2D (re)synchronization procedure is designed with the goal to always give absolute priority to timing derived from in-coverage transmitter UEs. Any out-of-coverage transmitter UE will always follow the timing of any detected in-coverage derived PD2DSS as long as it is received above a certain minimum Rx power detection level. If multiple in-coverage derived PD2DSS are identified, the out-of-coverage UE follows the strongest received one. Only if no in-coverage PD2DSS can be identified at all, an out-of-coverage UE would follow the strongest received D2DSS from the set D2DSSue_ooc, or alternatively, become an independent sync source of its own if no D2DSS signal at all is found.
It derives from the above SFN type of transmission approach that in-coverage derived PD2DSS and timing are in theory propagated indefinitely, i.e. there is no distinction or comparison made between in-coverage vs. out-of-coverage PD2DSS Rx signal strength. No notion of hop count exists.
3 D2DSS based measurements
Some notion of a well-defined D2DSS received signal power measurement needs to exist for the D2D synchronization and resynchronization procedure. Out-of-coverage UEs will use a Rx power measurement for PD2DSS detected above a certain minimum reception threshold to follow timing of any in-coverage D2DSS with absolute priority. Furthermore, they will choose the strongest received in-coverage D2DSS if multiple ones can be identified. Similarly, out-of-coverage transmitter UEs will follow the strongest received out-of-coverage D2DSS if no in-coverage derived D2DSS is found.
We propose that R12 RAN1 specifications add a measurement definition for D2DSS Rx Signal power in 36.214. In particular, the measurement definition should be introduced using the notion that only REs carrying the PD2DSS are measured.
However, we do not think that the new D2DSS Rx signal power will require introduction and configuration of RRC filtering on top of the L1 measurement. In our view, introduction of a well-defined D2DSS Rx Signal power is needed mainly for the purpose that RAN4 in 36.133 will need to apply D2D test environments in presence of multiple sync sources with specific Rx power levels. Similarly, measurement accuracy tests can be introduced by only providing a sufficient number of D2DSS measurement opportunities while leaving any post-processing of samples across multiple measurement opportunities to UE implementation.
4 Conclusion

In this contribution we present our views on the D2D synchronization and re-synchronization procedures for in-coverage and out-of-coverage D2D Communication UEs. We also discussed the need to introduce a well-defined synchSourceThresh measurement.
In summary we propose that the D2D (re)synchronization procedure is designed with the goal to always give absolute priority to timing derived from in-coverage transmitter UEs. We also propose that a PD2DSS based Rx power level measurement is introduced to support the D2D synchronization procedure with the purpose of defining corresponding test environments and corresponding accuracy requirements in RAN4. However, we do not think that RRC filtering is necessary to support such a synchSourceThresh measurement.
Proposals:

1. Any out-of-coverage UE will always follow the timing of any detected in-coverage derived PD2DSS as long as it is received above a certain minimum Rx power level.

2. If multiple in-coverage derived PD2DSS are identified, the out-of-coverage UE follows the strongest received PD2DSS from the set D2DSSue_net.
3. If no in-coverage derived PD2DSS can be detected, an out-of-coverage UE follows the strongest received D2DSS from the set D2DSSue_ooc
4. If no sync source can be detected at all by the out-of-coverage UE, it becomes an independent sync source.
5. In-coverage UEs continuously monitor in-coverage derived D2DSS in RRC signaled synchronization subframes. On a much slower timescale in the background, they monitor for presence of out-of-coverage D2DSS in all subframes.
6. Out-of-coverage continuously monitor for presence of in-coverage and out-of-coverage derived D2DSS in all subframes.

7. A new PD2DSS based D2DSS Rx signal power measurement without RRC configured filtering is introduced in 36.214 to support RAN4 introduction of well-defined test environments.
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