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1 Introduction

Device-to-device (D2D) communications are being currently studied in 3GPP RAN. A status report by the Rapporteur was presented at the last RAN3 meeting, outlining the progress in RAN1 and RAN2 [1].
The D2D SI includes RAN3-related aspects, among which allowing “service continuity to/from the macro network” [2]. In this contribution, we analyze some scenarios involving mobility of a D2D UE between eNBs along with possible implications, and some possible network signaling solutions to better handle them.
2 D2D Mobility Scenarios
A number of different scenarios can be studied for D2D mobility, leading to the situation in Figure 1 below. They can be grouped in the following categories:

· in-network:

all participating UEs are within network coverage;
· out-of-network:

all participating UEs are outside  network coverage;

· partial-network:

some participating UEs are within coverage, and some are out.
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Figure 1 Various D2D discovery and communication scenarios. [1]
Of particular interest for RAN3 are in-network or partial-network scenarios involving mobility of one or more D2D UEs between eNBs. These UEs may include at least one under network coverage, which is using some radio resources for D2D which its serving eNB has set aside, and where the eNB is not scheduling any legacy traffic to avoid interference. This UE may at some point need to hand over to another eNB. We will discuss two such scenarios in detail in the following sections.
2.1 Handover of a D2D UE
In this scenario we consider a UE (D2D UE) served by an eNB (eNB1). The D2D UE is using a set of radio resources for D2D communications. The UE at some point moves out of the coverage of eNB1 and needs to hand over to another eNB (eNB2). In this situation, there are two requirements that need to be met but which may conflict with each other:
1) The D2D UE needs to reconfigure its wireless transmission and reception according to the instructions it receives from eNB2 over RRC, as in any handover, in order to establish communication with eNB2;

2) The D2D UE needs to retain the set of radio resources it is currently using for D2D in order not to lose communication with all other D2D UEs.

Both requirements above can be met simultaneously if eNB1 and eNB2 exchange information about which radio resources the D2D UE is using via the handover signaling. Assuming an X2 handover is performed,
 a possible way to accomplish this is shown in the figure below.
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Figure 2 eNBs exchanging information at handover on configured D2D radio resources for the UE.

When receiving the HANDOVER REQUEST message which includes the information on configured D2D radio resources, the target eNB may take this information into account when reconfiguring the UE handed over for D2D operation. Depending on configuration, load and radio resource availability in the target cell, the target may be able to configure the D2D UE handed over with the same set of D2D radio resources that it was using in the source eNB. This will result in little or no service interruption for the other D2D UEs currently connected to the UE handed over.
Proposal 1: When handing over a UE configured for D2D operation, the source eNB may include information on radio resources configured for the UE for D2D in the HANDOVER REQUEST message to the target eNB.
Proposal 2: When receiving a HANDOVER REQUEST message which includes information on radio resources configured for D2D for the UE handed over, the target eNB may take this information into account when reconfiguring the UE for D2D operation.
2.2 Joint Handover of a Set of D2D UEs
In this scenario we consider two UEs which are in D2D communication. If one of them needs to hand over to another cell, this may lead to D2D communication across different cells, resulting in radio resources set aside for D2D communication in both cells. It can be beneficial for their serving eNB to consider a joint handover of both UEs to avoid this situation. A possible signal flow is shown in Figure 3 below.
1) UE1 and UE2 are served by a source eNB, and they are using a set of radio resources for D2D communications. 
2) UE2 at some point moves out of the coverage of the source eNB and needs to hand over to a target eNB. 
3) Before requesting the handover for UE2, the source eNB requests UE1 to measure the target eNB.
4) UE1 makes a measurement and reports it to the source eNB.
5) If the target eNB is adequate also for UE1 then the source eNB prepares HANDOVER REQUEST messages for both UE1 and UE2 toward the target eNB.
6) Target eNB replies with HANDOVER REQUEST ACKNOWLEDGE message for both UEs to the source eNB.
7)  Source eNB sends handover commands to UE1 and UE2, and the handover procedures for both UEs continue.
8) If the information about radio resources allocated for D2D for the UEs is exchanged between source and target eNBs with handover signaling as per Proposal 1 above, the target eNB may pre-allocate and configure the same resources for the UEs as in the source eNB (as per Proposal 2 above).
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Figure 3 Joint handover of UE1 and UE2.
Proposal 3: When two (or more) UEs under network coverage are involved in D2D communications and at least one requires mobility to another cell, it may be beneficial to consider joint handover of all involved UEs to avoid allocating radio resources for D2D in more than one cell.
It is worth noting that Proposal 3 does not require additional signaling or procedures.

3 Conclusions and Proposal
We have analyzed two scenarios involving mobility of one or more D2D UEs between eNBs, and we have identified some possible signaling to ensure communication continuity for the involved UEs. We propose that RAN3 discusses the scenarios and considers the following proposals:
Proposal 1: When handing over a UE configured for D2D operation, the source eNB may include information on radio resources configured for the UE for D2D in the HANDOVER REQUEST message to the target eNB.

Proposal 2: When receiving a HANDOVER REQUEST message which includes information on radio resources configured for D2D for the UE handed over, the target eNB may take this information into account when reconfiguring the UE for D2D operation.

Proposal 3: When two (or more) UEs under network coverage are involved in D2D communications and at least one requires mobility to another cell, it may be beneficial to consider joint handover of all involved UEs to avoid allocating radio resources for D2D in more than one cell.
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� The same concept can also be applied to S1 handover, e.g. by including the same information in the HANDOVER REQUIRED message from the source eNB to the MME and in the HANDOVER REQUEST message from the MME to the target eNB.





