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1 Introduction

The study report on radio aspects for D2D proximity services is provided in [1], and it concludes the study item. In Section 6 in [1], it provides general design assumptions, where it has the following FFS.
“Definitions of out-of-coverage (outside network coverage), edge-of-coverage and in-coverage (within network coverage) are FFS.

· For example, definition of coverage areas is at least based on downlink received power.”
As many operations for D2D proximity services are related to in-coverage, edge-of-coverage, and out-of-coverage, the definitions for in-coverage, edge-of-coverage, and out-of-coverage are of great importance and urgency. 
Below are some examples for D2D operations related to in-coverage, edge-of-coverage, and out-of-coverage in [1]. 

· In Section 7.2.2 in [1], for “selection of timing reference D2D Synchronization Source”, it has the following working assumption, 
· D2D Synchronization Sources which are UEs in-coverage have a higher priority than D2D Synchronization Sources which are UEs out-of-coverage.
· In Section 9.1.2 in [1], for “resource allocation”, it mentions that from a transmitting UE’s perspective, a UE can operate in two modes for resource allocation (the following are also agreements of RAN1 #76):
· Mode 1: eNodeB or Release-10 relay node schedules the exact resources used by a UE to transmit direct data and direct control information
· FFS: if semi-static resource pool restricting the available resources for data and/or control is needed
· Mode 2: a UE on its own selects resources from resource pools to transmit direct data and direct control information
· FFS if the resource pools for data and control are the same
· FFS: if semi-static and/or pre-configured resource pool restricting the available resources for data and/or control is needed
· 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-coverage and/or out-of-coverage

RAN1#76bis and RAN2 #85bis, which were the first meetings in the work item phase for D2D proximity services, further discussed definitions of in-coverage, out-of-coverage, edge-of-cell coverage. The following agreements were made. 
RAN2 agreements from RAN2#85bis:

1
A UE is considered in-coverage if it has a serving cell (CONNECTED) or is camping on a cell (IDLE). 

2
If a UE is out of coverage it can only use mode 2.

3
If a UE is in coverage it may use mode 2 if the eNB configures it accordingly. 

4
If a UE is in coverage it may use mode 1 if the eNB configures it accordingly.  

4a
If the UE is instructed to use mode 1, there may be exceptional cases where the UE is allowed to use mode 2 temporarily  (criteria are FFS (e.g. if UE fails to establish an RRC connection….))

4b
We intend to define the exceptional cases rather than an edge-of-coverage “state”. 

RAN1 agreements from RAN1 #77:

Send an LS R1-141818 [2] to RAN2: 

RAN1 thanks RAN2 for providing definitions of in-coverage and out-of-coverage.

In addition to RAN2’s “may” conditions for using mode 1 and mode 2, RAN1 has also agreed that Mode 1 shall be used for D2D transmission under the conditions configured by NW for using Mode 1. RAN1 is therefore discussing the possibility of adding the following “shall” conditions for use of Mode 1 and Mode 2, although there is not currently consensus in RAN1 on introducing such conditions:

· A transmitting UE shall use Mode 2 if Z < X dBm or if no CRS is detected
· A transmitting UE shall use Mode 1 if Z >= Y dBm where Y>=X

where Z would be a defined DL power measurement based on CRS from the serving cell or the cell the UE is camping on, and X and Y could be pre-configured in the UEs and could be signaled by the eNB.

Actions:

· RAN1 would like to ask RAN2 to check the consistency of the above with their agreements.

· RAN1 would like to ask for RAN2’s feedback on the possible addition of these criteria in order to assist RAN1 in reaching a decision. 

· RAN1 would also like to ask RAN2 for clarification on how the eNB carries out the configurations mentioned in RAN2’s agreements 3 and 4.

In RAN2 #86, the following reply LS was agreed [3].

Reply LS from RAN2#86:

During normal operation, the UE only changes between mode 1 and mode 2 if it is configured by the eNB to do so. If the UE is instructed to use mode 1, there may be exceptional cases where the UE is allowed to use mode 2 temporarily. The UE considers itself to be in exceptional case while T311 or T301 is running and may use mode-2 resources provided by the current cell. Further details (e.g. exit condition from exceptional cases are FFS).

Further, the following agreements related to in coverage and out of coverage were made in RAN2 #86.

Agreements
· During normal operation, the UE only changes from mode 1 to mode 2 if it is configured by the eNB to do so.

· During normal operation, the UE only changes from mode 2 to mode 1 if it is configured by the eNB to do so.

· The eNB may configure a UE in RRC_CONNECTED by dedicated signalling with a mode 2 resource allocation transmission resource pool that may be used without constraints while the UE is RRC_CONNECTED. 

· Alternatively, the eNB may configure a UE in RRC_CONNECTED by dedicated signalling with a mode 2 resource allocation transmission resource pool which the UE is allowed to use only in exceptional cases and rely on mode-1 otherwise.

· The eNB may provide in SIB a mode 2 resource allocation transmission resource pool that authorised UEs may use while in IDLE. 

· If the eNB does not provide mode-2 resources in SIB but indicates that D2D is supported, the UE needs to enter RRC_CONNECTED if it wants to perform ProSe Direct Communication transmission. 

· The UE considers itself to be in exceptional conditions while T311 or T301 is running and may use mode-2 resources provided by the current cell. Further details (exit condition… FFS).
This contribution discusses more on understanding definitions of in-coverage in RAN2 agreements. It is noted that edge-of-coverage is used for edge-of-cell coverage for the ease of notation. 
2 Definitions for in-coverage, out-of-coverage, edge-of-coverage
Definitions for in-coverage, out-of-coverage, edge-of-coverage
As RAN2 have already agreed the definition for in-coverage, “A UE is considered in-coverage if it has a serving cell (CONNECTED) or is camping on a cell (IDLE),” we can take the definition.  
As RAN2 intend to define exceptional cases rather than an edge-of-coverage “state”, edge-of-coverage can be defined as “A UE is considered edge-of-coverage if the UE is in exceptional cases where the UE is allowed to use mode 2 temporarily if the UE is instructed to use mode 1.”

And then out-of-coverage can be defined as “A UE is considered out-of-coverage if it is not in-coverage or edge-of-coverage”.
Proposal 1: Take the definitions and suggestions for in-coverage, out-of-coverage, edge-of-coverage from RAN2. 
· A UE is considered in-coverage if it has a serving cell (CONNECTED) or is camping on a cell (IDLE).

· A UE is considered edge-of-coverage if the UE is in exceptional cases where the UE is allowed to use Mode 2 temporarily if the UE is instructed to use Mode 1.
· A UE is considered out-of-coverage if it is not in-coverage or edge-of-coverage.
Exceptional cases where the UE is allowed to use Mode 2 temporarily if the UE is instructed to use Mode 1 
Recall that the main reason for exceptional cases where the UE is allowed to use Mode 2 temporarily if the UE is instructed to use Mode 1, is because of the consideration for D2D proximity service continuity when Mode 1 may not be reliably used, such as when the UE is experiencing the radio link failure or handover failure, and so on [4]. In these cases, it is said it would probably take several seconds up to the determination of radio link failure or handover failure, so it may result in a delay (to the extent hurting service continuity) until resuming D2D communication if the UE was in the middle of D2D communication by resource allocation Mode 1. For this reason, it was discussed whether possible optimization should be needed by introducing ‘edge-of-coverage’. 
In legacy system, a UE can initiate RRC connection re-establishment procedure if it detects radio link failure (due to poor radio condition in DL/UL) or handover fails. Radio link failure because of poor radio condition in DL/UL or handover failure has been already defined [5]. The main issue is about how a UE can quickly re-initiate D2D communication. However we can already reduce this delay quite much by configuration options. By configuring the timers and counter to determine radio link failure or handover failure, it is possible to reduce the delay by the radio link failure or handover failure, e.g., T310 for radio link failure and T304 for handover failure. So if the eNB is aware that the UE is in the middle of D2D communication, the small value of T310 or T304 can be configured for that UE. The delay can be reduced up to one or two hundred milliseconds. 

Even for the case that the delay is not bearable, the radio link failure or handover failure scenarios are already in the specification. So if proper UE behaviors can be designed, we can support D2D broadcast communication with reliable service continuity, by having exceptional cases.  
Some of the exceptional cases can be, for example, when a UE is performing random access to a cell and the connection is not yet established, while T300 is running; when a radio link failure timer (T310) is running; when a handover timer (T304) is running; when conditions are detected for connection re-establishment (timer T311 is running), such as when radio link failure is detected, or when handover is failed, or other conditions. Using timers and conditions based on timers, a UE can autonomously decide when to use Mode 2. For example, upon T311 starts running, a UE can start to use Mode 2, until otherwise instructed by the network to use Mode 1. Another option may be some new timers can be defined and new timers can have timer value set for D2D service specifically. 
Currently RAN2 has agreed exceptional cases as “The UE considers itself to be in exceptional case while T311 or T301 is running”. However, RAN2 may discuss further possible conditions for exceptional cases, such as while T310 or T300 is running [6].
Proposal 2: RAN1 takes RAN2’s conditions of the exceptional cases: The UE considers itself to be in exceptional case while T311 or T301 is running. When RAN2 defines more conditions, RAN1 shall take them as well.  
How the measurement related conditions can play w.r.t. Mode 1 or Mode 2  
Measurement related conditions (e.g., RSRP, RSRQ, and thresholds) can play w.r.t. Mode 1 or Mode 2, possibly in a network implementation manner. A UE in RRC_CONNECTED, can perform measurement and reporting. The serving cell receives the measurement reports from the UE, and it can configure the UE to switch from Mode 1 to Mode 2, based on the measurement reports, and possibly other factors such as the cell load, etc. 
For a UE in RRC_IDLE, a first option can be that it can follow the legacy procedure for cell selection/reselection for D2D proximity service, which may have the same measurement related criteria as the legacy system. A second option can be that new measurement related criteria may be used for cell selection/reselection for D2D proximity. To simplify the system design, the first option is preferred. No new measurement related criteria are needed for cell selection/reselection for D2D proximity service. 
Proposal 3: For a D2D UE in RRC_CONNECTED, it can perform measurement and reporting to the network, and the network can have measurement related criteria (e.g., RSRP, RSRQ, and thresholds) as one of the factors in its implementation to configure a UE to use Mode 2, possibly together with other factors such as cell load, etc. 
Proposal 4: For a D2D UE in RRC_IDLE, it can follow the legacy procedure for cell selection/reselection, and no new measurement related criteria are needed for cell selection/reselection for D2D proximity service. 
Implication to D2D operations 

As the definitions for coverage can have impact on when to use resource allocation Mode 1 or Mode 2, from another view point, it actually is worthy discussing UE’s behavior on when to be in Mode 1 or Mode 2 and when/how to switch. 

For each resource allocation mode, a D2D UE may need to use it for a minimum required time duration, before it switches to another resource allocation mode. This can help prevent ping-pong effect. 

Prior to a change of a resource allocation mode, the parameters to be used in the new resource allocation mode can be provided to the UE beforehand, to ensure smooth switch and service continuity. 

During the transition time of a mode change, prior to a new resource allocation mode is ready, a D2D UE can keep on using the previously used resource allocation mode. After a new resource allocation mode is ready, the D2D UE may use the previously used resource allocation mode as well as the new resource allocation mode, for a certain period of time, to ensure robust communication during transition.    

After switching to Mode 2, a UE (e.g., a low mobility UE) may possibly keep on using Tx power for D2D service previously configured by the network in Mode 1 if applicable, instead of the Tx power indicated in SIB or PD2DSCH, as the network configured Tx power may be more friendly in terms of interference. 

.

Observation 1: For each resource allocation mode (Mode 1 or Mode 2), a D2D UE stays at least for a minimum required time duration. Prior to a change of resource allocation mode, the parameters to be used related to new mode can be provided to the UE. Resource allocation Mode 1 and Mode 2 may be both used for a D2D UE during transition. After switching to Mode 2, a UE (e.g., a low mobility UE) may possibly keep on using Tx power for D2D service previously configured by the network in Mode 1 if applicable.   
3 Conclusions

This contribution discusses definitions for in-coverage and out-of-coverage, and whether a state of ‘edge-of-coverage’ is needed. In particular, the following observations are made.

Observation 1: For each resource allocation mode (Mode 1 or Mode 2), a D2D UE stays at least for a minimum required time duration. Prior to a change of resource allocation mode, the parameters to be used related to new mode can be provided to the UE. Resource allocation Mode 1 and Mode 2 may be both used for a D2D UE during transition. After switching to Mode 2, a UE (e.g., a low mobility UE) may possibly keep on using Tx power for D2D service previously configured by the network in Mode 1 if applicable.   

In addition, the following proposals are proposed.
Proposal 1: Take the definitions and suggestions for in-coverage, out-of-coverage, edge-of-coverage from RAN2. 

· A UE is considered in-coverage if it has a serving cell (CONNECTED) or is camping on a cell (IDLE).

· A UE is considered edge-of-coverage if the UE is in exceptional cases where the UE is allowed to use Mode 2 temporarily if the UE is instructed to use Mode 1.

· A UE is considered out-of-coverage if it is not in-coverage or edge-of-coverage.
Proposal 2: RAN1 takes RAN2’s conditions of the exceptional cases: The UE considers itself to be in exceptional case while T311 or T301 is running. When RAN2 defines more conditions, RAN1 shall take them as well.  
Proposal 3: For a D2D UE in RRC_CONNECTED, it can perform measurement and reporting to the network, and the network can have measurement related criteria (e.g., RSRP, RSRQ, and thresholds) as one of the factors in its implementation to configure a UE to use Mode 2, possibly together with other factors such as cell load, etc. 

Proposal 4: For a D2D UE in RRC_IDLE, it can follow the legacy procedure for cell selection/reselection, and no new measurement related criteria are needed for cell selection/reselection for D2D proximity service. 
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