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1 Introduction
This paper focuses on synchronization procedures for discovery and communication. A companion contribution [1] focus on synchronization signals design and performance from a single-link perspective.
2 Synchronization Reference Selection and System Information Acquisition for D2D Operation
RAN2 has discussed definitions for in-coverage and out-of-coverage. At RAN2#85bis the following agreements were made:

1
A UE is considered in-coverage if it has a serving cell (CONNECTED) or is camping on a cell (IDLE). 

2
If a UE is out of coverage it can only use mode 2.

3
If a UE is in coverage it may use mode 2 if the eNB configures it accordingly. 

4
If a UE is in coverage it may use mode 1 if the eNB configures it accordingly.  

4a
If the UE is instructed to use mode 1, there may be exceptional cases where the UE is allowed to use mode 2 temporarily  (criteria are FFS (e.g. if UE fails to establish an RRC connection….))

4b
We intend to define the exceptional cases rather than an edge-of-coverage “state”. 

At RAN2#86 the following agreements were made:

10
The UE considers itself to be in exceptional conditions while T311 or T301 is running and may use mode-2 resources provided by the current cell. Further details (exit condition… FFS).

One important advantage of the above agreements is that the definition of in/out-of-coverage is entirely based on existing LTE states (i.e., that the UE is camping on a cell). Therefore, additional specification work for coverage definition is not necessary.

Observation:

· Coverage definitions for D2D follow the legacy definitions of “camping on a cell” and “served by a cell” 
· No additional specification work is needed for D2D coverage definitions
Nevertheless, details regarding synchronization/SI selection during the exceptional cases and the UE behaviours during state transitions are still to be defined. We summarize our proposals in Table 1 and Table 2. It is noted that some of the scenarios are only relevant for PS devices.
Table 1: Synchronization reference selection and SI acquisition for in-coverage UEs

	Scenario:
	UE is regularly camping on an eNB
	UE is regularly RRC connected to an eNB
	Out of Sync
(T310 is running)
	RLF
(T301 is running)
	RLF
(T311 is running)

	RRC state:
	Idle
	Connected

	Exceptional case:
	No
	Yes

	Tx sync:
	From camping eNB
	From serving eNB
	Maintain latest used sync reference from eNB

	Rx sync:
	For each monitored carrier (including other PLMNs): detect D2DSS within the resource window indicated by SIB on that carrier
.

	D2D configuration

(e.g., pools, etc.):
	From camping eNB
	From serving eNB
	Based on latest configuration received from serving eNB


Table 2: Synchronization reference selection and SI acquisition for out-of-coverage UEs

	Scenario:
	UE is OoC of eNB and detects suitable
 D2DSS originally derived from an eNB
	UE is OoC of eNB and detects suitable D2DSS originally not derived from an eNB
	UE is OoC of eNB and does not detect suitable D2DSS 

	RRC state:
	Idle

	Exceptional case:
	No

	Tx sync:
	Select strongest D2DSS among the detected ones. Possibly even the hop number is considered in the D2DSS selection.
	Select strongest D2DSS among the detected ones.
	UE is an ISS and maintain latest used sync reference.

	Rx sync:
	Continuously scan for D2DSS by other UEs

	D2D configuration

(e.g., pools, etc.):
	Transmitter configuration from PD2DSCH.
Full D2DSS search to detect other transmitters.
	According to UE pre-configuration.
	According to UE pre-configuration.


Proposals:
· Synchronization reference selection and SI acquisition for in-coverage UEs is performed according to Table 1
· Synchronization reference selection and SI acquisition for out-of-coverage UEs is performed according to Table 2
· Send an LS to RAN2 capturing the above assumptions. 
2.1 UE Behaviour during the “Exceptional Cases”

A UE synchronized to a certain SS may, for different reasons, lose synchronization and after a transition period recover transmit synchronization either to the same earlier SS, to a different SS or become an independent SS. In either case, it is unclear what the UE behaviour is during the transition phase.

Further examples are the “exceptional cases” defined by RAN2. During the “exception cases” UEs are “in coverage” and also RRC_CONNECTED and are able to transmit D2D according to Mode-2 even though at the same time they might be in “out of sync” state. Even in this case it is unclear what synchronization reference should be used by the UE.

In order to solve all the above ambiguous cases with a simple solution and in order to avoid harming cellular interference we propose that a UE keeps memory of and uses the last used D2D transmit synchronization reference in any case where a suitable external synchronization reference is unavailable. This is already captured in Table 1 and Table 2.

Proposal:

· A UE keeps memory of and uses the last used D2D transmit synchronization reference in any case where a suitable external synchronization reference is unavailable
2.2 UE Behaviour during Synchronization Changes

The synchronization protocol implemented in the UE is asynchronous with respect to the frame structure. During a synchronization reference change the UE behaviour needs to be defined. In order to avoid resource waste and service interruption (especially during the “exceptional cases”) we propose that UEs complete the ongoing scheduling cycle and associated data (re)transmissions in case of a synchronization reference change. For discovery, there is no clear reason to wait for completion of the much longer discovery period.
Proposal:

· In case of a synchronization reference change, the UE completes the ongoing data scheduling cycle and associated (re)transmissions using the original synchronization reference.
· Discovery is temporarily suspended during changes of synchronization.
3 D2DSS/PD2DSCH Detection and Measurement
In Section 2 we mentioned “D2DSS detection” several times. 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 Table 1). 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 SIB. A standardized measurement procedure is anyway needed and it is suggested to leave measurement details to RAN2, similarly to what is done for cellular mobility measurements.
Proposal:

· A standardized D2DSS measurement procedure is necessary

· Optimizations may include sparser measurement frequency in case of low mobility and static set of neighbour cells
· Specification of D2DSS measurement and filtering details is left to RAN2

3.1 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 PS UEs.
· The receiver performs time correlation over a sufficiently long period and detects PD2DSS. The window length can be different for PS and commercial UEs 
· Note: for PS UEs carrier and device type may be unknown at this point
· The receiver detects SD2DSS and its relative position to PD2DSS

· The rx determines whether D2DSS comes from a TDD-eNB, FDD-eNB or a UE based on the relative positions of PD2DSS/SD2DSS

· Note: at this point the rx knows that D2DSS comes from a UE, but carrier type is still unknown

· The receiver detects the mapping of the M-sequences generating SD2DSS and detects if the carrier is TDD or FDD 

· FFS: The receiver may reduce subframe index ambiguity by detecting the (cyclically varying) mapping of the SD2DSS sequence

· 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 carrier type, duplex type, device type and the SFN are detected from D2DSS/PD2DSCH.
4 Which Nodes Should Transmit Synchronization Signals and Messages?

Each D2D UE needs to be aware of the resources to be monitored for discovery and communication, both for the serving cell/cluster and for the neighbour cells/clusters/PLMNs. This is necessary in order to simplify the receiver and allow aggressive DRX cycles, which are essential for acceptable power consumption levels.
The serving eNB broadcasts the D2D pool resources for discovery and communication, both for reception and transmission.
Proposal:

· The serving eNB broadcasts PSS/SSS along with the D2D resource pools for discovery and communication, both for reception (from multiple cells) and transmission
As a baseline assumption, in a PS-enabled deployment all UEs transmit D2DSS/PD2DSCH based on their selected transmit synchronization reference. In commercial deployments only D2DSS needs to be transmitted (we see PD2DSCH mainly as a way to convey system information to out of coverage UEs).

If standardization time allows it, some optimizations may be considered (e.g., only cell-edge UEs transmit D2DSS/PD2DSCH based on a configurable RSRP threshold).

Proposal:

· As a baseline:
· In a PS deployment all UEs transmit D2DSS/PD2DSCH 
· In a commercial deployment all UEs transmit D2DSS 
· Optimizations may be considered if time allows for them

· E.g., only cell-edge UEs transmit D2DSS/PD2DSCH based on a configurable RSRP threshold
5 What is the Identity Associated to D2DSS/PD2DSCH?

The benefits of relaying a synchronization reference are clear and motivated in Section 6. One of these is the reduction of synchronization references that need to be followed by each receiver, as studied in Section 7. In order to avoid the proliferation of synchronization identities it is proposed that UEs that transmit D2DSS/PD2DSCH use the SSID of the D2DSS/PD2DSCH from which they derive their transmit synchronization, if any. This is exemplified in Figure 1.
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Figure 1: SSID assignment for a partial NW coverage case (left) and no NW coverage case (right).

Proposal:

· UEs that transmit D2DSS/PD2DSCH use the SSID of the D2DSS/PD2DSCH from which they derive their transmit synchronization (if any)
6 How Many Times Can a Synchronization Reference be Relayed?

This section addresses the issue of how many hops should be supported for sync relaying [3]:
· UEs may transmit D2DSS/PD2DSCH derived from D2DSS/PD2DSCH received from a certain eNB or independent synchronization source by at most by n hops

· FFS values for n are 2,3,4.

Increasing the maximum number of hops reduces the number of different synchronization references experienced by a D2D UE. Furthermore, a UE in mobility may experience service discontinuity due to frequent synchronization reference changes. 

A lower limitation in the max number of hops may however result in fewer nodes needing to be reconfigured whenever an independent synchronization source ceases operation or moves away. Error propagation and accumulation is also limited by the number of hops.
According to the simulation results in [3], it seems that the suitable number of hops is quite varying depending on the scenario. It is therefore proposed that the max number of hops is statically set to 4 or that it is configurable by the eNB.
Proposal:

· UEs may transmit D2DSS/PD2DSCH derived from D2DSS/PD2DSCH received from a certain eNB or independent synchronization source by at most n hops
· n is eNB-configurable in the range { 2,3,4} or it is pre-configured to 4.
7 How Many Synchronization References Should a UE Track?

Another aspect that is studied in [3] is the number of different synchronization references that a certain UE is exposed to at a given time. It is clear from the analysis that there is a benefit in relaying synchronization multiple times, while the optimal number of hops is scenario-dependent as already observed in Section 6. It is also clear that the out-of-coverage scenario is more challenging than in-coverage scenarios. Therefore, we propose the following:

Proposal:

· PS UEs are required to be able to simultaneously track at least 3 different D2D synchronization references on a given carrier
· The PS UE should monitor the SA pool associated to each of the detected synchronization references
· In case the number of detected synchronization references exceeds the UE capability, the synchronization references with highest received power or from eNB are prioritized.
8 Conclusions

This paper provides an overview of the synchronization procedures in LTE ProSe. The following is proposed:
· Synchronization reference selection and SI acquisition for in-coverage UEs is performed according to Table 1
· Synchronization reference selection and SI acquisition for out-of-coverage UEs is performed according to Table 2
· Send an LS to RAN2 capturing the above assumptions. 
· A UE keeps memory of and uses the last used D2D transmit synchronization reference in any case where a suitable external synchronization reference is unavailable
· In case of a synchronization reference change, the UE completes the ongoing data scheduling cycle and associated (re)transmissions using the original synchronization reference.

· Discovery is temporarily suspended during changes of synchronization.

· A standardized D2DSS measurement procedure is necessary

· Optimizations may include sparser measurement frequency in case of low mobility and static set of neighbour cells
· Specification of D2DSS measurement and filtering details is left to RAN2

· At least carrier type, duplex type, device type and the SFN are detected from D2DSS/PD2DSCH.
· The serving eNB broadcasts PSS/SSS along with the D2D resource pools for discovery and communication, both for reception (from multiple cells) and transmission
· As a baseline:
· In a PS deployment all UEs transmit D2DSS/PD2DSCH 
· In a commercial deployment all UEs transmit D2DSS 
· Optimizations may be considered if time allows for them

· E.g., only cell-edge UEs transmit D2DSS/PD2DSCH based on a configurable RSRP threshold

· UEs that transmit D2DSS/PD2DSCH use the SSID of the D2DSS/PD2DSCH from which they derive their transmit synchronization (if any)
· UEs may transmit D2DSS/PD2DSCH derived from D2DSS/PD2DSCH received from a certain eNB or independent synchronization source by at most n hops
· n is eNB-configurable in the range { 2,3,4} or it is pre-configured to 4.
· PS UEs are required to be able to simultaneously track at least 3 different D2D synchronization references on a given carrier
· The PS UE should monitor the SA pool associated to each of the detected synchronization references
· In case the number of detected synchronization references exceeds the UE capability, the synchronization references with highest received power or from eNB are prioritized.
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� FFS whether SIB on a carrier may indicate D2D resources on another carrier operated by the same PLMN [2]


� A maximum number of sync hops might be considered as criterion for D2DSS suitability.
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