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1 Introduction
According to the new D2D WID [1], the study on D2D communication should be targeted to apply only to public safety use in network coverage, in partial network coverage and outside network coverage. For Public Safety use, D2D UEs may move across in coverage area and out of coverage area, and different resource allocation mechanisms may be used for D2D UEs in different coverage state. In this contribution, we analyze the detection of out of coverage and the service continuity assurance issue due to the UE mobility and present our solution.  
2 Discussion
Before we analyze the detection of out of coverage and its impact on the service continuity, we should first discuss the definition of in coverage and out of coverage.
Definition of in coverage/out of coverage 
· In coverage
According to TR 36.843[2], it is required that D2D communication capable UE shall support at least Mode 1 for in-coverage.  With Mode 1, the D2D transmission resource for in coverage D2D UE is allocated by serving eNB using dynamic or semi-persistent scheduling (SPS) mechanism. That means, in coverage UE should have both uplink and downlink coverage regarding the serving eNB. 
· Out of coverage
It is also stated in TR36.843 that D2D communication capable UE shall support Mode 2 for at least out-of-coverage. With Mode 2, the out of coverage D2D UEs autonomously choose the transmission resource from the pre-provisioned resource pool since there is no connection between D2D UE and eNB and the eNB cannot schedule the dedicated resource for D2D transmission. The following three cases belong to the out of coverage scenario [3].  
Case 1)  D2D UE has only downlink coverage but no uplink coverage with the eNB
Case 2) D2D UE is in the coverage of D2D relay UE
Case 3) D2D UE has no coverage of eNB or D2D relay UE
As we can see, since the resource allocation mode is different for in coverage and out of coverage UE, UE need to switch from Mode 1 to Mode 2 or vice versa during the mobility. For example, When UE moves from in coverage to out of coverage, the UE need to switch from the eNB assigned resource to the autonomously D2D transmission resource choose. This resource allocation mode change due to UE’s mobility may impact the D2D service continuity. 
Out of serving cell coverage and out of network coverage
In this section, we discuss various scenarios that may impact the service continuity. When D2D UE moves out of coverage of serving cell, it may enter the area without any cell coverage, enter a temporary coverage hole, or enter the coverage of a neighbouring cell, as illustrated in Figure 1. The characteristics of these scenarios are summarized as below.
· Case a. UE moves out of coverage of the serving eNB and cannot detect any neighbor cell, as illustrated in Figure 1(a). In case a, the signal of serving cell is weak enough and no neighbor cell is detected;
· Case b. UE moves from cell centre into a building, and the signal of serving cell becomes very weak in the building (e.g. in the fire-fighting use case), as illustrated in Figure 1b). The UE can detect neighbor cell of eNB2 in the building, however the signal of eNB2 is not strong enough for the UE to perform cell handover to the cell of eNB2, i.e. the UE enters into a coverage hole.  In case b, the signal of serving cell is weak enough, UE can detect neighbor cell, however the neighbor cell’s signal is not strong enough for the UE to handover to the neighbor cell; 
· Case c. UE moves from coverage of eNB1 to coverage of eNB2, the signal of eNB2 is getting stronger along with the UE movement, as illustrated in Figure 1c).  And then, the UE detects that the RRM measurements of eNB1 and eNB2 meet the handover relevant measurement report event. After receiving the measurement report from the UE, eNB1 may initiate handover for the UE to eNB2. In case c, the signal of serving cell is weak enough, UE can detect neighbour cell, the UE may handover to the detected neighbor cell. However, handover failure may happen even if the serving eNB initiates handover for the UE to the neighbor cell, and then RLF can be detected by the UE.
Case (a) and Case (b) is the typical out of coverage scenarios that we usually talk about. However, it is doubtful whether case (c) should be considered as out of network coverage.  Actually, during the UE mobility, the handover failure may happen and lead to the impacts on D2D service continuity. However, it should be noted there has been a lot of discussion on how to improve the handover performance and several solutions are presented in the HetNet WI. It is safe to say that this kind of handover failure may happen less frequently. On the other hand, it is generally regarded that cellular communication is of higher priority than D2D communication. If the service continuity could not even be guaranteed for cellular communication, it is sceptical to consider that for D2D communication. So it is suggested that RAN2 focus on the out of any cell coverage and temporary coverage hole scenarios when considering the service continuity. The HO failure scenario is of low priority for considering the service continuity.
Observation 1: The HO failure scenario is of low priority for considering the D2D service continuity.
Proposal 1: RAN2 is kindly requested to focus on the out of any cell coverage and temporary coverage hole scenarios when considering the D2D service continuity.
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Figure1. Different scenarios when D2D UE moving out of serving cell coverage


Impact of UE mobility on D2D service continuity 
In this section, we discuss the impact of UE mobility on D2D service continuity due to different transmission resource allocation mechanism utilization in different coverage state. Two use cases are identified regarding UE mobility: move from in coverage to out of coverage, move from out of coverage to in coverage, which is analyzed respectively in the below.
· UE moves from in coverage to out of coverage
When the UE is in network coverage, it is recommended that the D2D transmission resource is allocated by serving eNB using dynamic or SPS scheduling mechanism. Whether the dynamic or semi-persistent scheduling mechanism are used for the in coverage scenario have different impacts on the out of coverage detection and the service continuity assurance. 
1) SPS for the in coverage UE 
Suppose semi-persistent resource allocation is used, the resource is allocated to D2D UE for the D2D transmission after one time resource request from the UE to the eNB and is valid until the UE indicates the transmission is finished. It is not necessary for the UE to keep contact with the eNB after SPS resource is allocated and the allocated resource can be used for future transmission in a long time. When the UE moves from in coverage to out of coverage, the SPS resource can be used until the detection of out of coverage (e.g. based on the RLF detection) and the acquisition of available resource from pool OUT using CSMA based mechanism. From the perspective of eNB, after the UE moves to the out of coverage area, the eNB can sense the connection with the UE broken down and then release the SPS resource after a specific time of UE inactivity. As a result, using SPS mechanism for the in coverage scenario has no impact on the out of coverage detection and the service continuity can be assured.
2) Dynamic resource allocation for the in coverage UE 
With dynamic allocation, the transmission resource is allocated for each TTI transmission. UE has to exchange with the eNB frequently to obtain D2D resource. So it is necessary for the D2D UE to detect the out of coverage state and obtain available transmission resource in time before the connection with the eNB break down. Otherwise, the UE may not be able to receive the D2D resource grant and the D2D communication is interrupted when moving into the out of coverage state. As a consequence the service continuity cannot be satisfied. 
The RLM is used in LTE to detect whether the UE is out of coverage. When RLF is declared, the UE acknowledge that it is outside network coverage and RRC re-established may be triggered. However, it is presented that RLF criterion is not applicable for the detection of out of coverage in D2D communication in [4][5][6]. A fast out of coverage detection mechanism should be studied. 
As we know, the overhead of the resource assignment is significantly reduced using SPS compared to the case of dynamic allocation. And the SPS allocation approach is applicable for both intra-eNB and inter-eNB scenario. Moreover, the SPS approach is suitable for the PTT voice service, which is regard as the most important application for public safety use case. We can see that SPS allocation has advantage over dynamic allocation for D2D communication. Assuming SPS allocation is used for the in coverage D2D UEs, there is no service continuity issue. On the other hand, if dynamic allocation is adopted, the out of coverage detection and service continuity issues need further investigation.
Observation 2: Different resource allocation mechanism (e.g. dynamic or SPS) for the in coverage scenario have different impacts on the out of coverage detection and the service continuity assurance when UE moves from in coverage to out of coverage.
Observation 3: Assuming SPS allocation is used for the in coverage UE, there is no impact on the out of coverage detection and the service continuity can be assured. 
Observation 4: If dynamic resource allocation is adopted for the in coverage UE, a fast out of coverage detection mechanism should be introduced to assure the service continuity when UE moves from in coverage to out of coverage.
· UE moves from out of coverage to in coverage
When D2D UE moves from out of coverage to in coverage area, there is no requirement on the delay of in coverage detection and resource allocation mechanism transition. Upon entering the in coverage area, the UE may perform cell selection and RRC connection establishment, and then the UE can obtain UE specific resource for D2D transmission. The CSMA based resource allocation from the pool OUT can be used until the UE obtain transmission resource from the eNB successfully. It is recommended that the D2D communication and cellular communication use non-overlapping resource, and the D2D resource pool for in coverage and out of coverage (i.e. pool IN and pool OUT) also use non-overlapping resource. As a result, there is no interference between D2D and cellular communication, and between D2D communications if D2D UE uses pool OUT resource in the transition period from out of coverage to in coverage. So no additional in coverage detection mechanism is needed when UE moves from out of coverage to in coverage.
Observation 5: No additional in coverage detection mechanism is needed when UE moves from out of coverage to in coverage.
Out of coverage detection
As analyzed above, if dynamic resource allocation is used for the in coverage UE, a fast out of coverage detection criterion should be introduced to assure the service continuity. In our view, the eNB can configure for the in coverage D2D UE with out of coverage detection criterion information based on RRM measurement. For example, the eNB can indicate RRM measurement threshold for D2D communication to UE via SIB or dedicated RRC signalling. The threshold is similar to the s-measure or threshold of measurement report event A2. With this threshold, the D2D UE may initiate the out of coverage detection and utilize the resource from pool OUT earlier than the RLF failure is detected, which can be named as “pseudo out of coverage”, i.e. when out of coverage is detected based on fast out of coverage detection criterion while RLF is not declared yet. Furthermore, if only out of any cell coverage and temporary coverage hole scenarios (i.e. case a and case b depicted in section 2.2) should be studied when considering the D2D service continuity, and the HO failure scenario (i.e. case c) doesn’t need to be considered, not only the RRM measurement of serving cell, but also the RRM measurement of neighbour cell should be used for the out of coverage detection mechanism. 
Since it is required for an in-coverage D2D UE to receive the D2D transmission from an out-of-coverage D2D UE, and vice versa, the D2D UE has to listen to both resource pool IN and pool OUT when the D2D UE is in network coverage. As depicted in [7], the D2D UE can get the contention information in the control channels of pool OUT according to the indication of resource usage duration through listening to all the control channels in resource pool OUT. And then the UE knows the corresponding resources occupation state in certain sub-frames of near future. As a result, the UE can be aware of the IDLE resource information in the pool OUT while listening to the pool OUT. Once the “pseudo out of coverage” state is detected by the D2D UE, it can choose the transmission resource for control information and D2D data according to the IDLE resource information immediately and the service continuity can be assured.  
Proposal 2: The eNB can configure for the in coverage D2D UEs with “pseudo out of coverage” detection criterion based on RRM measurement to control the D2D UEs to start to use resource from pool OUT earlier than RLF failure is detected.
3 Conclusion
In this contribution, we analyzed the detection of out of coverage and the service continuity assurance issue due to the UE mobility and presented our solution.  We have the following observations:
Observation 1: The HO failure scenario is of low priority for considering the D2D service continuity.
Observation 2: Different resource allocation mechanism (e.g. dynamic or SPS) for the in coverage scenario have different impacts on the out of coverage detection and the service continuity assurance when UE moves from in coverage to out of coverage.
Observation 3: Assuming SPS allocation is used for the in coverage UE, there is no impact on the out of coverage detection and the service continuity can be assured. 
Observation 4: If dynamic resource allocation is adopted for the in coverage UE, a fast out of coverage detection mechanism should be introduced to assure the service continuity when UE moves from in coverage to out of coverage.
Observation 5: No additional in coverage detection mechanism is needed when UE moves from out of coverage to in coverage.
And we propose:
Proposal 1: RAN2 is kindly requested to focus on the out of any cell coverage and temporary coverage hole scenarios when considering the D2D service continuity.
Proposal 2: The eNB can configure for the in coverage D2D UEs with “pseudo out of coverage” detection criterion based on RRM measurement to control the D2D UEs to start to use resource from pool OUT earlier than RLF failure is detected.
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