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1. Introduction
This contribution intends to discuss synchronization procedure related issues for ProSe communication and discovery.   
2. Discussion
2.1 
How to Signal synchronization configuration?
Synchronization signals for D2D may be transmitted by serving eNB in coverage or selected UEs in NW coverage and out of coverage to broadcast a common time and frequency reference for proximity UEs. 

A D2D Synchronization Signal (D2DSS) resource position is defined using three parameters including time-domain periodicity/subframe offset and frequency-domain position. RAN1 decided that D2DSS periodicity is fixed to 40ms in specification and D2DSS sequences are mapped over the centre 72 sub-carriers symmetric around D.C. frequency in the frequency domain. These two parameters are not configurable and are applied for both D2D Communication and D2D discovery regardless of scenario. FIG.1 illustrates the D2DSS resource allocation for D2D ProSe communication and discovery.  
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Figure 1: Periodic D2DSS resource allocation 
In the following, we will focus on the configurable parameters to support D2D synchronization procedure. It should be noted that D2DSS transmission parameter configuration is the same between D2D communication and discovery if NW supports both of them.
Based on the information provided in RAN1 LS [1], we understand that the configurable parameters for D2D synchronization operation have following high level structure:  
· In coverage
· D2DSS resource related parameters: 

· For D2DSS Tx only: 

· A maximum of 1 D2DSS resource is provided by the serving cell for D2DSS transmission as defined by parameter synchOffsetIndicator. 
· Power control parameters as defined by synchPo and synchAlph.
· For D2DSS Rx only: 

· A maximum of 16 D2DSS resources can be provided by the serving cell for D2DSS reception as defined by a parameter synchOffsetIndicator for each D2DSS resource. The network should configure these parameters corresponding to D2DSS transmission resources used in neighbouring cells.
· Common for D2DSS Tx/Rx: 

· Parameter d2dssID for each D2DSS Tx/Rx resource 
· RAN1 has agreed that same Cyclic prefix (CP) length configuration will be used across serving cells as defined by d2dssPd2dschCPLen. 
· Synchronization Source (SS) selection related parameters:
· Common for Discovery and communication: 

· A parameter that allows eNB to explicitly instruct a particular UE to start/stop D2DSS transmission as defined by synchSource. 
· D2D discovery only:
·  A RSRP threshold to enable UE-autonomous D2DSS transmission for D2D discovery purpose as defined by discoveryD2dssRSRP. 
· D2D communication only:
·  A RSRP threshold for enable UE-autonomous D2DSS transmission for D2D communication purpose as defined by saD2dssRSRP.
· D2DSS detection related: 

·  A maximum of 16 synchronization windows (defined by discoverySynchWindow per neighbouring cell) corresponds to D2DSS resource of neighbouring cells, over which a UE can expect to detect the D2DSS indicated by the resource configuration. These parameters are configured and applied for D2D discovery only. 
· Out-of-coverage
· Two D2DSS resources are pre-configured, but a UE does not transmit D2DSS on more than 1 D2DSS resource. 
According to RAN1 LS, we know that whether or not to pre-configure or fix in the specification the synchronization source configuration for the out-of-coverage case is still FFS in RAN1. So, the following table summarizes our view regarding how to signal these in-coverage configurable parameters for synchronization procedure in different ways: 

1. Synchronization parameters related to Tx resource of serving cell are listed in 2nd column, which can be provided in SIBs. 

2. Synchronization parameters related to Rx resource pool corresponding to neighboring cells are listed in 3rd column, which also can be provided in SIBs.  

3. Tx/Rx Synchronization parameters listed in 4th and 5th columns seem natural to be provided in UE dedicated signaling.   
Table 1. Different signaling options for in-coverage synchronization procedure

	Field
	SI-Tx

Serving Cell
	SI-RxPool

Neighbor cells
	Dedicated-Tx
	Dedicated-Rx
	Comments

	synchOffsetIndicator
	Y
	Y
	N
	N
	Potentially different configuration across cells

	d2dssId
	Y
	Y
	N
	Y
	

	d2dssPd2dschCPLen
	Y
	N/A
	N/A
	N/A
	Assumed to be same configuration even across cells

	synchPo
	Y
	N
	N
	N
	Potentially different configuration across cells

	synchAlpha
	Y
	N
	N
	N
	

	neighborCellId
	N
	Y
	N
	N
	

	synchSource
	N
	N
	Y
	N
	For in coverage, E-UTRAN may instruct a UE to start D2DSS transmission. 

	discoveryD2dssRSRP
	Y
	N
	N
	N
	Applied for discovery only. 

	saD2dssRSRP
	Y
	N
	N
	N
	

	discoverySynchWindow
	N
	Y
	N
	N
	Applied for discovery only. 


The table illustrates that it is possible to define a single IE to cover two signal options in SIBs with certain fields being conditionally present i.e. depending case. Fields common across all cells/Pools, e.g. CP length of D2DSS/D2DSCH, can be specified separately outside the IE covering an individual synchronization resource. 

Proposal 1: Introducing a single information element (IE) covering different synchronization configuration cases in SIB with certain fields being conditionally present. Fields common across all cells/synchronization resources are to be specified separately, i.e. outside the IE covering an individual resource.
2.2 
Which nodes should act as a Synchronization Source (SS)? 
For out of NW coverage, we understand that a UE takes the rule of the SS if received signal strength of all received D2DSS(s) by the UE are below a preconfigured threshold i.e. synchSourceThres [1].
For in NW coverage, eNB serves as a SS for ProSe devices under its coverage and UE derives timing via PSS/SSS. In order to facilitate inter-cell ProSe direct communication/discovery, RAN1 has agreed two mechanisms [2] to make UEs in coverage act as SSs under certain conditions. The first mechanism is explicit signalling towards UEs in RRC_CONNECTED and the second is an RSRP threshold that may be provided in SIB such that UEs below the threshold transmit D2DSS. However, what is not fully clear from the wording of the RAN1 agreements is how these 2 mechanisms work together. Here, we describe our understanding of the intended behaviour.

For UEs in RRC_IDLE, only the system information based mechanism is available. Hence such UEs act as a SS if the RSRP threshold is provided in system information and the DL RSRP is below the RSRP threshold. If no threshold is provided in system information then they do no act as a SS.

Proposal 2: RRC_IDLE UEs act as a SS if the RSRP threshold is provided in system information and the DL RSRP is below the RSRP threshold. If no threshold is provided in system information then they do no act as a SS.

UEs in RRC_CONNECTED that have been explicitly configured via RRC signalling to act a SS shall do so without any consideration to any RSRP threshold that may be provided in SIB. UEs in RRC_CONNECTED that have been explicitly configured via RRC signalling to not act as a SS shall not do so, without any consideration to the RSRP threshold that may be provided in SIB. This explicit configuration approach enables the eNB to take full control over which UEs in RRC_CONNECTED transmit D2DSS, and the eNB can configure various measurement events to assist it in deciding which UEs should transmit D2DSS.

Additionally, if the UE in RRC_CONNECTED has not been explicitly configured via RRC signalling to act or not act as a SS, then the UE should continue to behave as if in RRC_IDLE and use the RSRP threshold that may be included in system information to determine whether to as a SS. This enables the eNB to configure all UEs, in both RRC_IDLE and RRC_CONNECTED, to use the UE based mechanism, and hence the eNB does not need to implement any active management of which UEs act as SS. Hence, we propose:

Proposal 3a: UEs in RRC_CONNECTED state that have been explicitly configured as SS transmit D2DSS (without consideration of the broadcasted RSRP threshold).

Proposal 3b: UEs in RRC_CONNECTED state that have been explicitly configured to not act as SS do not transmit D2DSS (without consideration of the broadcasted RSRP threshold).

Proposal 4: UEs in RRC_CONNECTED state that have not been explicitly configured (to act or not act as SS), act as a SS if the RSRP threshold is provided in system information and the DL RSRP is below the RSRP threshold. If no threshold is provided in system information then they do no act as a SS.
For inter-cell Prose communication/discovery case, eNB can select a cell-edge UE as SS based on normal RRM measurement report from UEs e.g. measurements on serving cell signal strength (e.g. Event A2). One of the issues to be solved in RAN2 is whether a new measurement reporting would be needed to facilitate D2D SS selection in partial coverage case. The main purpose of this new measurement report would be to allow eNB to determine whether a UE can detect other UEs acting as synchronisation sources, and potentially also whether those UEs are out of network coverage and not synchronised to an eNB (i.e. they are transmitting D2DSSue_oon). Such information may assist the eNB in making a more optimal decision about which UEs should act as SS, and could reduce the total number of UEs that need to be configured as SS, thus effectively reducing in-coverage UE power consumption. While there may be benefits introducing such new measurements and measurement reporting, we consider that this is an optimisation that is not essential to be introduced within the tight timescales of release 12. Therefore, we propose:
Proposal 5: No additional measurement or measurement reporting mechanism introduced in Rel-12 is used to assist eNB in determining which UEs to configure as SS (i.e. eNB uses existing RRM measurement reporting).
The next question RAN2 needs to discuss is whether a UE capability is needed to indicate whether or not the UE is able to be instructed as SS, or we assume that a UE that supports either D2D discovery or D2D communication shall support D2DSS transmission. We think the functionality of the synchronization source may be not essential in some in-coverage cases (e.g. synchronized deployment scenario) and thus separate capability signalling is needed to indicate if UE can transmit and receive D2DSS and PD2DSCH and serve as a SS.
Proposal 6: Introduce a new UE D2D capability to indicate whether the UE is able to transmit/receive D2DSS.

3. Conclusion
In this document, we have analysed the information on synchronization-related L1 parameters provided by RAN1 and discussed the SS selection issues related to RAN2. We also provided an overview of the synchronization procedure in LTE ProSe. The following is proposed based on discussions:
Proposal 1: Introducing a single information element (IE) covering different synchronization configuration cases in SIB with certain fields being conditionally present. Fields common across all cells/synchronization resources are to be specified separately, i.e. outside the IE covering an individual resource.
Proposal 2: RRC_IDLE UEs act as a SS if the RSRP threshold is provided in system information and the DL RSRP is below the RSRP threshold. If no threshold is provided in system information then they do no act as a SS.

Proposal 3a: UEs in RRC_CONNECTED state that have been explicitly configured as SS transmit D2DSS (without consideration of the broadcasted RSRP threshold).

Proposal 3b: UEs in RRC_CONNECTED state that have been explicitly configured to not act as SS do not transmit D2DSS (without consideration of the broadcasted RSRP threshold).

Proposal 4: UEs in RRC_CONNECTED state that have not been explicitly configured (to act or not act as SS), act as a SS if the RSRP threshold is provided in system information and the DL RSRP is below the RSRP threshold. If no threshold is provided in system information then they do no act as a SS.
Proposal 5: No additional measurement or measurement reporting mechanism introduced in R12 is used to assist eNB in determining which UEs to configure as SS (i.e. eNB uses existing RRM measurement reporting).
Proposal 6: Introduce a new UE D2D capability to indicate whether the UE is able to transmit/receive D2DSS.

Reference
[1] R1-144408
Spreadsheet of RRC parameters, RAN1, RAN1#78bis, Oct 2014
[2] R1-144409
List of RAN1 agreements relevant to RAN2, RAN1, RAN1 #78bis, Oct 2014
[3] 3GPP TS 36.331: "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource Control (RRC) protocol specification" v 12.3.0.

Sync signal periodicity = 40ms
6 PRBs
SFN =0
1 ms
synchOffsetIndicator
…...
1 D2DSS resouce



