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1 Introduction

The following were agreed at the last RAN1 meeting [1] related to UE operating modes w.r.t resource allocation.
1. From a transmitting UE perspective a UE can operate in two modes for resource allocation:
a. Mode 1: eNodeB or Rel-10 relay node schedules the exact resources used by a UE to transmit direct data and direct control information
i. FFS: if semi-static resource pool restricting the available resources for data and/or control is needed
b. Mode 2: a UE on its own selects resources from resource pools to transmit direct data and direct control information
i. FFS if the resource pools for data and control are the same
ii. FFS: if semi-static and/or pre-configured resource pool restricting the available resources for data and/or control is needed
c. D2D communication capable UE shall support at least Mode 1 for in-coverage

d. D2D communication capable UE shall support Mode 2 for at least edge-of-coverage and/or out-of-coverage

e. FFS: Definition of out-of-coverage, edge-of-coverage, in-coverage

2. Furthermore, definition of coverage areas is at least based on DL received power
This paper, which is a continuation of [2], puts focus on (2) above, i.e. the defintions for respective coverage areas. Furthermore, the paper also discusses Metrics to monitor and procedure proposals for how a UE should act during network coverage state transitions. 
2 Coverage Defintions

In order to support at least Public Safety scenarios, the UE behaviour needs to be mapped to different coverage states. Even though the final specifications may not necessarily include “coverage definitions”, for the sake of discussion we define the meaning of UEs being In network Coverage (InC) or Out of network Coverage (OoC).
· “UL+DL-coverage” (State A): a UE is expected to be able to establish an RRC connection, if needed, and hence D2D transmission in this area  uses granted resources.
· “Edge-of-Coverage” (State B): a UE is expected to be able to at least detect broadcast system information transmitted by the eNB, and hence D2D transmission is based on broadcasted D2D resources.
· “OoC with relayed control plane detected” (State C): a UE is OoC but it detects control plane originally from an eNB and relayed by an in-coverage UE, and hence D2D transmission is using resources that are relayed by a CP relay UE (on the PD2DSCH) and originally from an eNode B
· “OoC” (State D): a UE is OoC and unable to detect control plane originally from an eNB and relayed by a in-coverage UE. In this case the UE uses pre-configured resources for D2D transmission.
Further details about the transmission modes and resource allocation for each coverage state are provided in [3] and [4].  Figure 1 below shows the cases discussed above. UE A can use the D2D functionalies supported in coverage state A, while UE B only supports D2D functionalities according to state B, UE C only support D2D functionalities according to state C and UE D in this case is out of network coverage (state D).
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Figure 1: Different types of network coverage for D2D communication.

In order for the UE to be able to determine whether the UE is InC or OoC there is a need for metrics, that may be dependent on whether the UE has coverage in the UL and DL, only  in the DL, and only from an in-coverage UE relaying broadcast control information.
From the above we can observe that;
Observation: 

· The metric used for InC – OoC detection may be dependent on whether the UE has coverage in the UL and DL, only  in the DL, and only from an in-coverage UE relaying broadcast control information.
3 Coverage Detection Metrics
In the previous paper [2] we proposed some  different Coverage  metrics, that may be used for different coverage states. In this paper we propose three metrics that is suitable to use for respective  coverage states . The three metric proposals are: 
· Metric I: A first suitable criterion is based on whether the UE can retrieve the relevant broadcast information (relevant for D2D communication) or not from a controlling node, i.e. an eNode B or a CP relay UE. This metric may be suitable for determination of transition to coverage state (B) and (C).  
· Metric II: A second suitable criterion is based on PSS/SSS/CRS (D2DSS in case of CP UE  relay) signal level and a mapping function to corresponding relevant broadcast decoding performance. Whether to use PSS/SSS, D2DSS 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. This metric may be suitable for continuous monitoring of the current coverage area (B) and (C). 
· Metric III: A thirdpossible criterion is based on PSS/SSS/CRS  signal level and a mapping function to corresponding reliable UL coverage. UL coverage may be defined as the DL power level where an RRC connection setup should be possible with certain reliability. 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. This metric may be suitable for continuous monitoring of coverage area (A). For UEs in RRC_connected this metric may be seen as a version of standard Radio Link Monitoring (RLM).
4 Procedure proposals
Below we show the  actions/behaviors a UE may take in case the UE determine a change in coverage state (i.e. going from InC to OoC and vice versa). Figure 2 shows the different possible coverage transitions. We assume the UE is served by /camping on a carrier frequency supporting D2D communication. The actions taken may be different depending on whether the UE has UL and DL coverage or only DL coverage. Details about the transmission modes and resource allocation for each coverage state are provided in [3] and [4]. 
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Figure 2: Transitions between the different coverage states.
Associated triggering and metric proposals are described below:

State transitions, D→C, D→B, C→B, B→A 
A UE out-of-coverage continuously needs to scan for synchronization signals w.r.t a controlling node. This may be PSS/SSS in case of the controlling node is an eNode B, or D2DSS in case of a CP relay UE. When an eNode B is considered to be reliably detected indicating an in-coverage state it may trigger the UE to refrain from using pre-configured D2D resources, and instead search for information about in-coverage resources for D2D. In the case when a CP relay UE is considered to be reliably detected it may trigger the UE to refrain from using pre-configured D2D resources, and instead search for information about resources for D2D broadcasted over the PD2DSCH. 

Transition from Out-of-coverage (D) to Out-coverage Relayed D2D Control Plane (C), D→C
A UE that has reliably detected a Control Plane (CP) relay UE will try to monitor broadcast information transmitted over the PD2DSCH. If the UE is able to successfully decode broadcasted information (i.e. Metric I), and the broadcasted information comprises a D2D resource configuration, the UE will use broadcasted resources for D2D transmissions. 
Transition from Out-of-coverage (C,D) to In-coverage Broadcast resources (B), D→B, C→B
A UE that has reliable detected an eNode B will monitor the broadcast information. If the UE is able to successfully decode broadcasted information (i.e. Metric I), and the broadcasted information includes a D2D resource configuration, the UE will use broadcasted resources for D2D transmissions. 
In case the UE successfully decode broadcast information from an eNode B but the eNode B does not support such D2D functionality, the UE may search for other controlling nodes which may include broadcasted information related to D2D, and use these broadcasted resources for D2D communication.
In case a UE have detected broadcast information from an eNode B and also from a CP relay, the eNode B resource allocation information should be prioritized.
Hence, from the above we have the following proposal;
Proposal: 
· For transition from Out-of-coverage (D) to Out-of-coverage Relayed Broadcast resources (C) successful decoding of broadcasted information on PD2DSCH may be a suitable and direct metric (Metric I). 
· For transition from Out-of-coverage (C,D) to In-coverage using D2D Broadcast resources (B), successful decoding of broadcasted informationfrom the eNode B (Metric I) may be a suitable and direct metric. 
· In case a UE have detected broadcast resouces both from an eNode B and a CP relay, the eNode B should have higher priority than the CP relay.
Transition from In-coverage Broadcast resources (B) to In-coverage Granted resources (A)
A UE has reliable detected an eNode B, and the UE has also successfully decoded broadcasted information from the eNode B. The UE may then need, on a regular basis, monitor a suitable metric based on PSS/SSS or CRS signal level or quality and a mapping function to corresponding UL coverage (i.e. using Metric III) in order to see whether the device is in UL+DL coverage area (A), or DL, edge-of-coverage (B). UL coverage may be defined as the DL power level where an RRC connection setup should be possible with certain reliability. Once UL+DL coverage is determined, and D2D transmission should start, the UE establishes a RRC connection to the eNode B. If the RRC connection establishment is successful, the UE will request D2D resources from the eNode B. If D2D resources are granted, the UE will use granted resources for D2D transmissions. Typically a grant may be valid for a certain time period. Once the grant expires, the UE need to request new granted D2D resources from the eNode B. 
Hence, from the above we have the following proposal;
Proposal: 
· For transition to UL+DL coverage (A), the UE should monitor a suitable metric based based on PSS/SSS/CRS  signal level and a mapping function to corresponding reliable UL coverage (Metric III).
Note that transitions from C to A and from D to A are excluded from the set of considered transitions. The reason is that these transitions are considered to always go via B since a UE moving within network coverage will decode system information and thereby move to B.
State transitions, A→B, A→C, A→D, B→C, B→D, C→D
Transition from In-coverage Granted resources (A) to In-coverage, Broadcast resources (B), A→B
As long as granted resources are received from the eNode B, the UE in RRC connected may consider being in coverage. Hence, in this case, the UE may rely on standard Radio Link Monitoring for considering being in RRC connected. RLM is made using DL 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 RLM indicates out of sync on lower layer, a higher layer timer (T310) is enabled, within which the UE tries to recover sync to the eNode B. During this time, the deivce may use the granted D2D resources (if D2D grant have not expired). Once, Radio Link Failure is declared, the UE stops using the granted D2D resources (if the grant still is valid). The UE may then need, on a regular basis, monitor a suitable metric based on PSS/SSS or CRS signal level or quality and a mapping function to corresponding UL coverage (i.e. using Metric III) in order to see whether the device still is in UL+DL coverage area (A), or DL, edge-of-coverage (B). UL coverage may be defined as the DL power level where an RRC connection setup should be possible with a certain reliability. In order to avoid ping pong effects, a hysteresis may be applied, i.e. a first threshold for going in UL+DL coverage (B→A) (say 99% connection setup reliability),  and another for going out of UL+DL coverage(B→A) (say 90% RRC connection setup reliability)

Transition from In-coverage Granted resources (A) to Out-of-coverage (C,D)
From the analysis above, it seems quite likely that a UE that declares RLF also have moved out of B, and instead will end up in D, or possibly C if the UE has detected a UE relaying the D2D control plane in the process when declaring RLF. 
Hence, from the above we have the following proposal;
Proposal: 
· As long as the UEs operating  using granted D2D resources, standard Radio Link Monitoring may be used for considering being in connected mode and hence use of granted D2D resources.
· For continiuous UL+DL-coverage monitoring, for UEs not in RRC_connected,  UEs should monitor a suitable metric based based on PSS/SSS/CRS  signal level and a mapping function to corresponding reliable UL coverage (Metric III). 
· Hysteresis on the Metric III thresholds may be applied for avoiding ping-pong effect.
Transition from In-coverage Broadcasted resources (B) to Out-of-coverage (C,D) 
When the UE uses broadcasted resources for D2D transmission, the UE may need, on a regular basis, monitor the decoding of broadcast information for verifying that the UE still is in-coverage w.r.t. the eNode B. A UE may, for reducing the complexity, use a suitable metric based on PSS/SSS or CRS signal level or quality and a mapping function to corresponding decoding of broadcast information performance (i.e. using Metric II). If the criterion, or set of criteria, is not met, then the UE refrains from using broadcasted resources and instead considers pre-configured resources for D2D transmissions (D) or, if possible, relayed broadcasted resources (C) if reliable detection of a PD2DSCH is possible. 
Transition from Out-coverage Relayed D2D Control Plane (C) to Out-of-coverage (D)
Similar approach may be done in case the UE uses D2D resources broadcasted from a UE Relaying D2D Control Plane from an eNode B. A suitable metric based on D2DSS signal level or quality and a mapping function to corresponding decoding of PD2DSCH broadcast information performance (i.e. using Metric II) may be used.   If the criterion, or set of criteria, is not met, then the UE refrains from using the broadcasted resources indicated in the PD2DSCH and instead considers pre-configured resources for D2D transmissions (D).

In all cases mentioned above, hysteresis on the Metric II thresholds may be applied for avoiding ping-pong effect between coverage transititions.
Hence, from the above we have the following proposal;

Proposal: 

· UEs for continiuous in-coverage monitoring (B), may use a suitable metric based on PSS/SSS or CRS signal level or quality and a mapping function to corresponding decoding of broadcast information performance (Metric II).
·  For continiuous monitoring Out-coverage Relayed D2D Control Plane Coverage (C), may use a suitable metric based on PSS/SSSor CRS signal level or quality and a mapping function to corresponding decoding of broadcast information performance (Metric II). 
· Hysteresis on the Metric II thresholds may be applied for avoiding ping-pong effect.
5 Summary
Based on the discussion above, we observe and propose the following:
Observation: 
· The metric used for InC – OoC detection may be dependent on whether the UE has coverage in the UL and DL, only  in the DL, and only from an in-coverage UE relaying broadcast control information.
Proposals: 

·  For transition from Out-of-coverage (D) to Out-of-coverage Relayed Broadcast resources (C) successful decoding of broadcasted information on PD2DSCH may be a suitable and direct metric (Metric I). 
· For transition from Out-of-coverage (C,D) to In-coverage using D2D Broadcast resources (B), successful decoding of broadcasted informationfrom the eNode B (Metric I) may be a suitable and direct metric. 
· In case a UE have detected broadcast resouces both from an eNode B and a CP relay, the eNode B should have higher priority than the CP relay.
· For transition to UL+DL coverage (A), the UE should monitor a suitable metric based based on PSS/SSS/CRS  signal level and a mapping function to corresponding reliable UL coverage (Metric III).
· As long as the UEs operating  using granted D2D resources, standard Radio Link Monitoring may be used for considering being in connected mode and hence use of granted D2D resources.
· For continiuous UL+DL-coverage monitoring, for UEs not in RRC_connected,  UEs should monitor a suitable metric based based on PSS/SSS/CRS  signal level and a mapping function to corresponding reliable UL coverage (Metric III). 

· Hysteresis on the Metric III thresholds may be applied for avoiding ping-pong effect.

· UEs for continiuous in-coverage monitoring (B), may use a suitable metric based on PSS/SSS or CRS signal level or quality and a mapping function to corresponding decoding of broadcast information performance (Metric II).
·  For continiuous monitoring Out-coverage Relayed D2D Control Plane Coverage (C), may use a suitable metric based on PSS/SSSor CRS signal level or quality and a mapping function to corresponding decoding of broadcast information performance (Metric II). 
· Hysteresis on the Metric II thresholds may be applied for avoiding ping-pong effect.
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