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1 Introduction
This paper focuses on the receiver aspects of the synchronization procedures for discovery and communication. A companion contribution [1] focus on synchronization signals design while [2] focuses on the transmitter synchronization behaviour.
2 D2DSS/PD2DSCH Detection and Measurement
D2DSS detection is used by D2D receivers (to synchronize to other cells/UEs) as well as by out-of-coverage D2D transmitter (to detect suitable synchronization sources).

If the D2D UE is in coverage of a ProSe eNB, the D2DSS search window may be limited to the resources signalled by the camping/serving eNB (see Section 4). Received D2DSS strength (possibly along with other criteria) is one of the inputs of the distributed sync protocol for OoC transmitters. Optimizations include the possibility of reducing the frequency of D2DSS measurements, e.g., in case of low mobility. New measurements may be triggered also by changes in the set of neighbour cells signalled by the eNB. 
Depending on the final agreements on the synchronization procedure, it might not be necessary to specify the measurement procedure in terms of filter details. It is however useful to ensure performance requirements in RAN4.
Proposal:

· A standardized D2DSS measurement procedure may not be necessary

· Implementation based optimizations may include sparser measurement frequency in case of low mobility and static set of neighbour cells
· Specification of D2DSS measurement accuracy details is left to RAN4
2.1 Procedure for Timing Acquisition from UE-Transmitted D2DSS/PD2DSCH

In this section we describe general UE behaviour proposals for sync detection. The procedure for timing acquisition from a D2DSS can be split into several steps (note that some of these may be implementation-specific). Some of the steps are only relevant for communication.
· The receiver performs time correlation over a sufficiently long period and detects PD2DSS.

· The window length is limited for discovery (see details in Section 4) but unlimited for communication (in order to detect out of coverage UEs)

· The UE determines that D2DSS is transmitted by a UE based on the PD2DSS root sequence. 

· The UE determines whether D2DSS is associated to communication or discovery and also whether it is D2DSSue_net/ooc based on the PD2DSS root sequence. 

· The receiver detects SD2DSS and its relative position to PD2DSS

· The rx determines whether the spectrum is TDD or FDD based on the SD2DSS M-sequences mapping

· Note: at this point timing of out of coverage SS is known with an ambiguity corresponding to D2DSS periodicity

· The receiver blind detects PD2DSCH at predefined positions (relative to D2DSS)

· Once PD2DSCH is detected also the SFN number is known at the receiver.

Proposal:

· At least spectrum type, TDD config, device type and the SFN are detected from D2DSS/PD2DSCH.
3 Synchronization Acquisition and Tracking for Communication

Communication capable UEs need to scan continuously in time in order to detects D2DSS from OoC. However, in certain scenarios (e.g., low mobility) UE implementations may perform OoC D2DSS scans sparsely in time as long as RAN4 requirements are fulfilled. 
Proposal:

· Communication capable UEs continuously scan the spectrum for D2DSS, irrespective of their coverage state.
4 Synchronization Acquisition and Tracking for Discovery

D2D synchronization within a cell is straightforward because all UEs derive a common reference from the eNB. 

D2D synchronization across cells is more challenging, mainly because the synchronization accuracy between cells is widely varying depending on the deployment and on the network implementation. In order to accommodate a common solution that respects network implementation freedom we propose the following:

Proposals:

· During pools configuration the eNB provides a reference synchronization window with respect to own PSS/SSS timing 

· e.g., pool offset = t ms +/- w ms

· If the time window w > threshold (e.g., in the order of CP) the UE may assume that a D2DSS is associated to the pool
· Discovery capable UEs are expected to receive D2D signals only within the time windows signalled by the serving eNB
The above proposal maintains transparency of the deployment to the UEs. At the same time, it requires UEs to receive (and transmit) D2DSS only when it is useful. Another advantage is that receivers search for synchronization only over a time window +/-w, with obvious energy advantage.

Typically, we assume that the window w can be in the order of the CP (e.g., for synchronous deployments with not too large cells) or a few ms (e.g., for asynchronous deployments with rough synchronization). However, it is even possible that neighbour eNBs are completely unaware of their synchronization reference. In this extreme case, a few options are possible:

Proposal:

· In the extreme case that the serving cell is unaware of the SFN of other cells, decide between:

· Alt.1: w is inf
· Alt.2: inter-cell D2D not supported in this case

· Alt.3: UEs transmit PD2DSCH for SFN detection (not preferred)

5 Conclusions

This paper provides an overview of the receiver synchronization procedures in LTE ProSe. The following is proposed:
Proposal:

· A standardized D2DSS measurement procedure may not be necessary

· Implementation based optimizations may include sparser measurement frequency in case of low mobility and static set of neighbour cells
· Specification of D2DSS measurement accuracy details is left to RAN4
· At least spectrum type, TDD config, device type and the SFN are detected from D2DSS/PD2DSCH.
· Communication capable UEs continuously scan the spectrum for D2DSS, irrespective of their coverage state.
· During pools configuration the eNB provides a reference synchronization window with respect to own PSS/SSS timing 

· e.g., pool offset = t ms +/- w ms

· If the time window w > threshold (e.g., in the order of CP) the UE may assume that a D2DSS is associated to the pool
· Discovery capable UEs are expected to receive D2D signals only within the time windows signalled by the serving eNB
· In the extreme case that the serving cell is unaware of the SFN of other cells, decide between:

· Alt.1: w is inf
· Alt.2: inter-cell D2D not supported in this case

· Alt.3: UEs transmit PD2DSCH for SFN detection (not preferred)
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