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1 Introduction

The current assumptions related to device to device communication is that a device within network coverage uses resources for D2D discovery and communication assigned by the controlling node that may be an eNode B or a Cluster Head [1]. In case a device is out of network coverage it may use preassigned resources for transmission of discovery beacon signals or broadcast information. This paper discusses issues related to how a device may determine whether it is in or out of network coverage as well as procedure proposals during network coverage state transitions.
2 Background - Out of Coverage
In order to know whether the device is In network Coverage (InC) or Out of network Coverage (OoC), the device needs to have a metric in order to determine it, since different procedures and protocols are defined for transmission of discovery beacon and broadcast information when in-coverage (D2D transmission based on granted or broadcasted resources from the controlling node) and out-of-coverage (D2D transmission on pre-configured resources) respectively. 
In LTE, devices in RRC_connected are required to do Radio Link Monitoring (RLM) on the physical layer in order to detect whether the device is in-sync or out-of-sync with respect to the serving cell. RLM is made using Down-Link (DL) Common Reference Signals (CRS) and based on an estimated SIR, the SIR estimate is mapped to a hypothetical PDCCH BLER (the mapping is a function of Antenna and system bandwidth configuration). Based on that estimated PDCCH BLER, the device determines in-sync or out-of-sync on the physical layer, which then is reported to higher layer for further action. If Radio Link Failure (RLF) is declared at higher layer, the device then goes back to RRC_IDLE state. The RLM is used for several purposes, for instance detection of whether the device goes out of coverage, but also gives a controlled way for the device to go back to idle mode in case of synchronization is lost, due to some internal device sync problem, or due to a failure of a handover process for instance. In the last two cases, the RLF declaration are made even if the device still may be inside network (NW) coverage. 
Hence, several problems may be envisioned by reusing this out-of-sync definition for OoC detection in relation to D2D communication, for instance

· In case of internal device problem or handover failure, the deivce may not be OoC even if RLF is declared, and hence may without proper OoC definition start using pre-configured D2D resources, that may introduce significant UL interference within the cell.
· The RLF is only defined in RRC_connected, hence a device OoC as well as in RRC_idle need a proper metric to determine whether the device is in network coverage once a D2D beacon or D2D broadcast communication is going to be transmitted.

Therefore, there is need for a metric to use for determining whether a device is OoC or not, and therefore it is proposed;
Observation: 
· A metric used for the device to determine whether the device is in network coverage or out of network coverage, for D2D purpose is proposed. 
Proposal: 

· Even D2D capable devices out of network coverage as well as devices in RRC_idle monitor the metric in order to determine whether the device is inside or outside network coverage in order to assume the correct behavior.
3 Out-of-Coverage Detection Metrics
We start by looking into the scenario that a device is in idle mode. In idle mode, the cell (re)selection procedures in TS36.304 [2] gives some indications, where the device shall preferably camp on a cell that meets the high-quality criterion (RSRP at least -110 dBm), and if no cell is found, camp on a cell where PLMN (SIB1) can be retrieved (the device is in Camped Normally state according to [2]). Note that the level -110 dBm is rather high and the device should be able to measure RSRP of a cell down to below -121 dBm (band dependent), see TS36.133 [3].  That means that the device needs to be able to decode at least MIB and SIB1, which also requires it to properly synchronize to the camping cell (i.e. able to detect the Primary Synchronization Signal (PSS) and Secndary Synchronization Signal (SSS)). Hence we have a first metric proposal
· Metric 1: A first suitable OoC criterion is based on whether the device can retrieve the relevant SIB or not from a controlling node.
For the metric above, the device need to constantly monitor MIB and relevant SIBs. This may be a complex and power consuming task for a device in idle mode. An extended approach may be used inspired by the RLM for LTE RRC_connected, that the device in RRC_idle may monitor the PSS/SSS (or CRS) and then based on a mapping function map the PSS/SSS/CRS signal level or signal quality to corresponding MIB/SIB decoding performance, and OoC is detected once the decoding perforrnance is below a first threshold. Whether to use PSS/SSS or CRS, the filter constant used for monitoring, the sampling interval as well as the thresholds and  the actual mapping function is for further study. The advantage with this approach is that the device only need to monitor PSS/SSS/CRS (which is anyway does in RRC_idle) and therefore device complexity is reduced. Hence we have a second metric proposal
· Metric 2: A second suitable OoC criterion is based on PSS/SSS/CRS signal level and a mapping function to corresponding MIB and relevant SIB decoding performance.

The above proposed metrics are associated with DL resources while it is UL interference scenario that is of importance for D2D. Therefore, another approach is to find a metric that is associated with the UL interference scenario. One such metric may be to monitor the Random Access Response (RAR) after a Random Access transmission.Typically UL is coverage limited, and hence a failed RAR detection is mainly due to failed RACH detection in the eNode B. Furthermore, since the RA is typically ramped in transmission power, the OoC is detected, first after a configured amount of failed RAR responses; the configuration may be received from the controlling node, or may be a pre-configured number.  As long as a RAR is received, a device is considered inside network coverage and should use D2D resources assigned from the controlling node. Hence we have a third metric proposal

· Metric 3: A third possible OoC criterion may be determination of Random Access Response detection after a certain number of Random Access attempts. 
Metric 1 and 2 have the advantages that the device anyway needs to monitor these metrics for being able to camp on a cell. Metric 2 have further advantages over Metric 1 in terms of lower device complexity. Furthermore, both Metric 1 and 2 have the drawback of beeing mainly DL measures, while the metric 3 have the advantage of being more UL centric. However, using Metric 3, the device anyway needs to monitor the DL in terms of PSS/SSS/CRS detection and MIB/SIB read etc. in order to determine Random Access and Random Access Response configuration information. From the above we believe that simplest OoC metric to use is Metric 2, and therefore it is proposed that;
Proposal: 
· A suitable metric for out of network detection for D2D communication is based on PSS/SSS or CRS signal level or quality monitoring and a mapping function to corresponding MIB and relevant SIB decoding performance. 
· FFS whether to use PSS/SSS, the filter constant, sampling interval as well as the thresholds and actual mapping function.
4 Procedure proposals
Below we show some different actions/behaviors a device may take in case the device determine a change in coverage state (i.e. going from InC to OoC and vice versa). The actions taken may be different depending on whether the device is in RRC_connected (active) state or RRC_idle (idle) state. It is assumed that the device in coverage may be able to use either D2D resources broadcasted from the controlling node or granted D2D resources from the controlling node [4], [5], while using pre-configured resources in case of out of network coverage.
Therefore, we assume there are two in-coverage states 
· In-coverage, broadcasted resources state: the device (typically in RRC_idle) transmits D2D using resources broadcasted  from the controlling node. 

· In-coverage, granted resources state: the device (in RRC_conneted) transmits D2D using resources granted from the controlling node.
and one out-of-coverage state:

· Out-of-coverage state, the device transmits D2D using pre-configured resources.
Associated triggering proposals are described below:

Out-of-coverage to In-coverage state transition

A device out-of-coverage monitors a metric as discussed above w.r.t a controlling node. When the metric is considered indicating an in-coverage state it may trigger the device to refrain from using pre-configured D2D resources, and instead search for information about in-coverage resources for D2D.

Transition from Out-of-coverage to In-coverage Broadcast resources

A device in-coverage with respect to a metric as discussed above w.r.t a controlling node will monitor controlling node broadcast information. If the device is able to successfully decode broadcasted information, and the broadcasted information comprises a D2D resource configuration, the device will use broadcasted resources for D2D transmissions. However, if the device fails to retrieve broadcasted information from the controlling node, the device will use pre-configured resources for D2D transmissions.

Transition from In-coverage to In-coverage Granted resources

A device is in-coverage with respect to a metric as discussed above w.r.t a controlling node, and the device has also successfully decoded broadcasted information from the controlling node. The device establishes a RRC connection to the controlling node. If the establishment fails, then the device will use pre-configured D2D resources or broadcasted D2D resources if the controller node broadcast information comprises D2D resource configurations. If the RRC connection establishment is successful, the device will request D2D resources from the controlling node. If no D2D resources are granted, the device will use pre-configured D2D resources or broadcasted D2D resources if the controller node broadcast information comprises D2D resource configurations. However, if D2D resources are granted, the device will use granted resources for D2D transmissions.

Transition from in-coverage to out-of-coverage

A device is in-coverage and considers either granted or broadcasted resources for D2D transmission. The UE further monitors one or more of the out-of-.coverage criterias as discussecd above and evaluates if it is/they are met. If the criterion, or set of criteria, is met, then the UE refrain from using granted and broadcasted resources and instead considers pre-configured resources for D2D transmissions. If not, the UE continues considering either granted or broadcasted resources for D2D. 
5 Summary

Based on the discussion above, we observe and propose the following:
Observation: 

· A metric used for the device to determine whether the device is in network coverage or out of network coverage, for D2D purpose is proposed. 
Proposals: 

· Even D2D capable devices out of network coverage as well as devices in RRC_idle monitor the metric in order to determine whether the device is inside or outside network coverage in order to assume the correct behavior.
· A suitable metric for out of network detection for D2D communication is based on PSS/SSS or CRS signal level or quality monitoring and a mapping function to corresponding MIB and relevant SIB decoding performance. 
· FFS whether to use PSS/SSS, the filter constant, sampling interval as well as the thresholds and actual mapping function.
We also propose some procedues related to actions a device may take in case of change of coverage state, for the state transitions

· Out-of-coverage to In-coverage state transition
· Transition from Out-of-coverage to In-coverage Broadcast resources
· Transition from In-coverage to In-coverage Granted resources
· Transition from in-coverage to out-of-coverage.
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