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1 Introduction

The definition of the out of coverage or edge of coverage UEs/criteria is one of the open questions that was discussed in the framework of the D2D communication study item [1]. The motivation to define such criteria is to have a common standard behavior of terminals, supporting D2D communication within network coverage, partial and out of coverage scenarios. In particular, such criteria may be used two switch between two operation modes.
In this contribution, we provide our views on these definitions taking into account the RAN1 working assumption about two modes of resource allocation [1], stating that:
From a transmitting UE’s perspective, a UE can operate in two modes for resource allocation:
· Mode 1: eNB or Rel. 10 relay node schedules the exact resources used by a UE to transmit direct data and direct control information.
· Mode 2: a UE on its own selects resources from resource pools to transmit direct data and direct control information.
· D2D communication capable UE shall support at least Mode 1 for in-coverage.
· D2D communication capable UE shall support Mode 2 for at least edge-of-cell-of-coverage and/or out-of-coverage.
2 Support of Resource Allocation Modes
In our view, D2D communication capable UE may support either Mode-1 or Mode-2 or both. The supported mode and relevant D2D functions are subject to further discussion as a part of UE capability signaling. The system should not be designed in a way that UE is mandated to support all modes, i.e. eNB controlled (Mode 1) and distributed (Mode 2). These two modes can coexist with each other, however it is not necessary mandate UE to support both modes.
Proposal 1
· The resource allocation mode supported by an UE is a part of capability signaling (i.e. UE is not mandated to support both modes).

From a transmitting UE’s perspective, two modes of resource allocation are likely to have different functionalities, however from the D2D data reception perspective these two modes can be potentially transparent. In order to facilitate support of the both modes, it is desirable to strive for design options that are transparent/similar from the UE receiver perspective. 
Proposal 2
· Strive for solutions that are transparent from the UE receiver implementation perspective.
3 Necessity of Out of Network Coverage Definition
A D2D capable UE, that supports both resource allocation modes should use certain metric in order to decide on communication mode to be applied, e.g. when it moves from in coverage to out of network coverage or vice versa.
The eNB controlled resource allocation (i.e. Mode-1) assumes that transmitting D2D-enabled UE is in RRC_CONNECTED state, since it needs to get “exact spectrum resource scheduled by eNB/Rel.10 relay node” and thus assumes frequent communication with eNB. However, in general the D2D receiver UE may be in arbitrary state.
The distributed operation (i.e. Mode-2) does not imply any scheduling by eNB. According to the RAN1 working assumption [1], this mode can be used either at the edge of coverage or out-of-coverage. Therefore, the formal criteria should be defined by RAN1 and possibly other WGs to differentiate in-coverage, edge of coverage and out-of-coverage states. A D2D capable device that supports both modes needs to monitor an in-coverage, edge-of-cell, out-of-coverage states in order to decide on the appropriate D2D communication mode.

Observation 1
· The UE that supports Mode-1 resource allocation needs to be RRC-CONNECTED.

· The UE that supports both modes needs to monitor its in-coverage, edge of coverage and out-of-coverage state to decide on the resource allocation mode to use for direct communication.

· The criteria to determine in-coverage, edge-of-cell-coverage and out-of-coverage state may require consideration of RAN1, RAN2 and RAN4 WGs.
4 Considerations on In/Out of Network Coverage Definition
In this section, we discuss how to define in-coverage, edge-of-coverage and out-of-coverage UE in basic cellular deployment. In our view, the following factors should be considered to derive proper definition:

· Synchronization (coverage/range) – processing of eNB PSS/SSS and CRS signals to acquire network synchronization and perform RSRP measurements. It can be argued, that synchronization area is a function of processing time, since eNB signals are periodically transmitted and thus the accumulation can be applied to get synchronized. However in later case, the UE may not be able to extract D2D system configuration settings (e.g. resource allocation) and therefore the ability to synchronize with the network can be used as necessary but not sufficient condition for in-coverage and edge of coverage state.
· DL coverage - reception of broadcast system information related to D2D resource allocation (e.g. discovery, communication data and control). The reception of the system broadcast information (SIBs) requires successful decoding of PDCCH (except MIB). In cellular setup, the quality of PDCCH decoding is controlled by radio link monitoring (RLM) procedure. However, it should be noted that RLM procedure rely on BLER metric of a hypothetical PDCCH transmission. The BLER should be less than Qin = 2% for in-sync or exceed Qout = 10% for out of sync. It should be noted that RLM is based on CRS processing to derive DL link quality, it can be also a function of interference level. Although it is unlikely that out-of-sync can be caused by interference since out-of-sync SNR operating point is relatively low (e.g. -8 -9dB) still it may be the case.
· DL and UL coverage - communication with eNB – capability to reliably communicate with eNB assumes, that data can be exchanged in both DL and UL transmission directions. Since in Mode-1 eNB schedules direct resources, the UE needs to be RRC_CONNECTED. This state may be considered as a criteria for D2D transmitter to be declared as in-coverage terminal.
Observation 2
· Several factors such as synchronization range, capability to receive broadcast system information and establish bi-directional communication with eNB should be considered to define different UE states (in-coverage/edge of coverage/out-of-coverage).

5 Discussion on Definitions
When direct communication is considered, some of the terminals (e.g. synchronization sources) may relay synchronization and D2D resource configuration to out-of-coverage or edge of coverage terminals [2].

5.1 In Coverage
The in-coverage state assumes that UE has both UL and DL coverage. The in-coverage UE is able to synchronize with at least one of the cells, decode system information and establish RRC connection with eNB. Therefore the UE capability to acquire RRC_CONNECTED state may be considered as a metric to determine in-coverage condition for given D2D transmitter.
At the same time many RRC_IDLE UEs can be also considered as in coverage (e.g. its RSRP level is high and it can detect several cells). It should be noted that for RRC_IDLE UEs the RSRP value is more appropriate metric than RSRQ or RSSI since the latter two are subject to interference and thus cannot be used to characterize the coverage as a range. Therefore we conclude that in-coverage UEs can be either determined by RRC_CONNECTED state or by RRC_IDLE state when UE has both DL and UL coverage. In latter case, the RRC_IDLE terminal can successfully decode system information signaling to acquire information about allocated D2D resources.
Proposal 3
· In coverage D2D transmitter is determined by RRC_CONNECTED state. In-coverage D2D transmitter operates using resource allocation Mode-1.
· RRC_IDLE UEs supporting both modes (Mode-1 and Mode-2) monitor the in-coverage, edge of and out-of-coverage state by monitoring of DL system information and conducting RSRP measurements.
5.2 Edge of Coverage

Edge of coverage UEs are UEs capable to detect and synchronize with eNB timing as well as successfully decode system information about D2D resource configuration, and characterized by low RSRP value. Additionally it can be an UE which derives timing from synchronization sources propagating timing and D2D resource configuration used by eNB but cannot directly detect and synchronize with the cell.
Proposal 4
· Edge of coverage UEs are UEs that have DL coverage, (i.e. can detect system broadcast information about D2D resource allocation), but cannot acquire RRC_CONNECTED state due to lack of UL coverage. The RSRP metric can be also used to validate that there is a lack of UL coverage.
5.3 Out of Coverage

Out of coverage UEs are UEs that fail to detect and synchronize with any cell or synchronization source relaying information about in-coverage D2D resources. Out of coverage UEs cannot acquire information about network D2D resources and therefore use either preconfigured D2D resources or spectrum resources configured by out-of coverage synchronization sources.
Proposal 5
· Out-of-coverage UEs are UEs that that fail to detect and synchronize with any cell or synchronization source relaying information about in-coverage D2D resources.
6 Conclusions
In this document, we provided our views on definition of in-coverage, edge of coverage, out of coverage D2D transmitting UE. In our view the formal definition of in-coverage, edge of and out of coverage state may require consideration of different RAN groups including RAN1, RAN2 and RAN4.

Proposal

· Agree on in-coverage, edge of coverage and out-of-coverage definitions and inform other WGs to check implications and impact on other specifications.
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