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1 Introduction
This paper focuses on the transmitter aspects of the synchronization procedures for discovery and communication. A companion contribution [1] focus on synchronization signals design while [2] focuses on the receiver synchronization behaviour.

2 Transmitter Synchronization: In-Coverage UEs
When the UE is in coverage of an eNB, the transmitter synchronization is derived from PSS/SSS. 

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.

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): synchronize within the 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


Proposal:

· Synchronization reference selection and SI acquisition for in-coverage UEs is performed according to Table 1
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 Transmitter Synchronization: Out-of-Coverage and Partial Coverage UEs

In case of partial coverage scenarios it is beneficial that the synchronization reference from the eNB is propagated. Considering that consensus on multihop is split in RAN1, we propose a simpler solution where OoC UEs relay indefinitely the synchronization originated from an eNB. However, information about stratum level is not conveyed. OoC UEs receiving D2DSSue_net retransmit an identical D2DSS on the same resources (in SFN fashion). If multiple D2DSSue_net are detected, the strongest one is selected.
UEs that do not receive any D2DSSue_net search for D2DSSue_ooc. Among the incoming D2DSSue_ooc, the strongest one is selected and retransmitted on the same resources.
Occasionally, UEs drop one D2DSS transmission to receive the incoming D2DSS. 

If a UE does not detect any incoming D2DSS it becomes an ISS. We do not see the benefit of a configurable threshold for becoming ISS.

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

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

	RRC state:
	Idle

	Exceptional case:
	No

	Tx sync:
	Select strongest D2DSS among the detected ones.
	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 out-of-coverage UEs is performed according to Table 2
· Send an LS to RAN2 capturing the above assumptions. 

· Among D2DSSue_net, select the strongest one

· If no D2DSSue_net found, select the strongest D2DSSue_ooc

· If no D2DSSue_ooc found, become ISS

· As ISS, reuse latest used tx synchronization
· If UE is not an ISS:

· Retransmit D2DSS on same resources and with same parameters

· Occasionally drop a transmission instance to read D2DSS, e.g., at most 1 out of 4 D2DSS transmissions.
4 What is the PSSID Carried by D2DSS/PD2DSCH?

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 2 and Figure 3.
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Figure 2: Communication SSID assignment for a partial NW coverage case (left) and no NW coverage case (right).
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Figure 3: Discovery SSID assignment.

Proposal:

· UEs that transmit D2DSS/PD2DSCH use the SSID of the D2DSS/PD2DSCH from which they derive their transmit synchronization (if any)

5 Conclusions

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

· Synchronization reference selection and SI acquisition for in-coverage UEs is performed according to Table 1
· 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.

· 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. 

· Among D2DSSue_net, select the strongest one

· If no D2DSSue_net found, select the strongest D2DSSue_ooc

· If no D2DSSue_ooc found, become ISS

· As ISS, reuse latest used tx synchronization

· If UE is not an ISS:

· Retransmit D2DSS on same resources and with same parameters

· Occasionally drop a transmission instance to read D2DSS, e.g., at most 1 out of 4 D2DSS transmissions.

· UEs that transmit D2DSS/PD2DSCH use the SSID of the D2DSS/PD2DSCH from which they derive their transmit synchronization (if any)
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