[bookmark: _GoBack]3GPP TSG-RAN2#89bis	              R2-151068
Bratislava, Slovakia, 20th  April – 24th  April, 2015

Source: 	ITRI
[bookmark: Title]Title: 	Discussion on D2D communications handover for service continuity
Agenda Item:	
[bookmark: DocumentFor]Document for:	Discussion
1   Introduction
[bookmark: _Toc436619014][bookmark: _Toc436619251][bookmark: _Toc451844181][bookmark: _Toc466346620][bookmark: _Toc466348853][bookmark: _Toc466352963][bookmark: _Toc472222530]Based on the scope of “Enhanced LTE Device to Device Proximity Services” [1] in RP-142311, service continuity is considered as an important feature for D2D communications enhancement. Device mobility is one of the factor should be considered, which can affect the ProSe service continuity performance. When the ProSe capable UE in D2D communications moves across the cell boundary, seamless handover is expected so as to provide D2D communications service continuity. However, according to our investigation, LTE classical handover procedure can’t support the service continuity of D2D communications in some scenarios. We propose the concept of D2D joint handover for D2D communications in coverage. It is suggested that both D2D discovery and communications must consider seamless handover to provide service continuity. 
	RP-142311
…

1. Define enhancements to D2D communication to enable the following features:
0. Support the extension of network coverage using L3-based UE-to-Network Relays, including service continuity (if needed), based on Release 12 D2D communication, considering applicability to voice, video. [RAN2, RAN1, RAN3]. (RAN3 involvement pending on progress in the other groups)




This contribution is organized as follows. In Section 2, we discuss the scenario when D2D communications handover can occur. In Section 3, we investigate the existing RAN-level Rel-12 handover procedure and discuss its suitability for D2D communications handover. The conclusion goes to Section 4.
[bookmark: _Ref339531139]2	Discussion on D2D communications handover
 When it comes to D2D communications service continuity, seamless handover should be provided considering the mobility of ProSe capable UE. The mobility behavior of ProSe capable UEs can change the network topology and the signal strength of D2D communications dynamically. The variation of radio link signal strength to the camped eNB varies with time depending on the moving velocity of ProSe capable UEs. That is, due to the mobility, the signal strength of radio link between ProSe capable UE and ProSe capable UE (UE-to-UE) and between the camped eNB and   ProSe capable UE (eNB-to-UE) may fluctuate seriously. In such case, there are two events may occur: mode switch and D2D communications handover, depending on whether the ProSe capable UE moves across the cell or not. 
Mode switch represents that the switching between D2D mode and cellular mode within the same cell. In D2D mode, the source ProSe capable UE transmits the data directly to the destination ProSe capable UE. In cellular mode, the source ProSe capable UE transmits the data to the eNB and the destination ProSe capable UE receives the data via the eNB. D2D communications handover occurs when one of the ProSe capable UEs in D2D communications moves across another cell or near the cell edge. The radio link of this moving ProSe capable UE to its camped serving cell becomes weaker. Therefore, it is likely to trigger D2D communications handover procedure in order to seamless handover the concurrent D2D communications to the neighboring cell. 
Cross-cell D2D connection happens when ProSe capable UEs camped to different cells intend to perform D2D communications because they are geographically in proximity. There are two cases causing the situation of cross-cell D2D connection. In the first case, the ProSe capable UEs originally camped to different cells. An inter-cell D2D communications should be enabled so that these ProSe capable UEs can directly communicate with each other, as shown in Fig. 1(a). In the second case, as illustrated in Fig. 1(b), the ProSe capable UEs originally perform ongoing D2D communications in the same cell. Due to mobility, one of the ProSe capable UE (UE2) may be handed over to its neighbouring cell. Therefore, the D2D communications link may be interrupted first, and then the moving ProSe capable UE (UE2) is handed over to the neighboring cell (eNB2). D2D communications is again established. That is, the second case can be viewed as the inter-cell D2D communications after traditional handover procedure. However, the current solution to the second case may not be efficient because there is extra control signalling to provide D2D service continuity. 
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	Fig. 1(a) Cross-cell D2D connection: Case 1
	Fig. 1(b) Cross-cell D2D connection: Case 2



To provide service continuity of D2D communications even in the cell boundary or across the cell, seamless D2D communications handover should be further investigated. The current solution (D2D communications interruption + handover procedure + inter-cell D2D communications reestablishment) may have several drawbacks, such as latency, extra resources, extra signaling exchange, etc. Considering the social behavior of the ProSe capable UEs, all the ProSe capable UEs in onging D2D communications may enter the neighboring cells sooner or later. Since the ProSe capable UEs in ongoing D2D communications are often in close proximity to each other, it might be useful for the network (e.g., the eNB or other network entities) to consider the joint handover to another cell so as to provide service continuity. It would be better if the joint handover can reduce the signalling exchange between the eNBs via X2 interface.
Observation 1: When ProSe capable UEs are in onging D2D communications, the handover mechanism should be further investigated so as to provide service continuity.
Observation 2: Since the ProSe capable UEs in onging D2D communications are in proximity and even have the similar moving pattern, it is likely that they move to the same neighboring cell sooner or later.
Proposal 1:  We propose the concept of joint handover when ProSe capable UEs are in close proximity to each other and they are in onging D2D communications. 

3	Discussion on LTE handover
	In this section, we re-examine the Rel-12 RAN level handover procedure for seamless D2D communications handover. Figure 2 below depicts the basic Rel-12 handover scenario in radio access network [2]. We further discuss the suitability of Rel-12 RAN level handover procedure to D2D communications handover from two perspectives: Measurement Control (Step 1~ Step 2) and RACH procedure (Step 9 ~ Step 11).

Fig. 2 LTE Intra-MME/Serving Gateway Handover [2]
As illustrated in Fig. 2, the eNB first transmits the L3 signaling, Measurement Control, through an RRC Connection Reconfiguration message when RRC connection is established. Then, the UE reports the Measurement Reports to the eNB periodically or by events. Measurement Control indicates the required measurement information including Measurement ID, Measurement Object, Reporting Configuration, Measurement Gap, etc. 
Measurement ID is used to identify Measurement Objects, to which the UE should measure its signal strength. The UE uses Measurement ID to measure target eNB. When it comes to D2D communications handover, the ProSe capable UE should measure not only the signal to the target eNB, but also the signal among its ongoing D2D communications ProSe capable UEs. That is, D2D pair or D2D group should be assigned a new ID to measure the D2D communications signal among each other. Measurement Control needs a D2D specific ID to find D2D groups or pairs. 
Measurement Object, specified by Measurement ID, provides information about E-UTRA networks to be measured by the UE, including frequency channel number, Physical Cell ID (PCI) of the cells to be measured, etc. If the neighboring cell to be measured uses the same carrier frequency as the serving cell, the UE can measure the neighboring cell without using measurement gaps. However, if the neighboring cell does not use the same carrier frequency as the serving cell, the UE should first synchronize to the carrier frequency of the neighboring cell according to measurement gaps during UL/DL idle period, and then measure the signal strength.
Even though the Measurement Gap provides UL/DL idle period to measure the carrier frequency information of the neighboring cell, the UE will not measure the signal strength to a cell belonging to different PLMNs. That is, the UE always measure the signal strength to eNBs within the same PLMN. However, when it comes to D2D communications handover where ProSe capable UEs belong to different PLMNs, the ProSe capable UE in ongoing D2D communications should be able to monitor the signal strength to an eNB where its corresponding ProSe capable UE will be handed over to. For example, as illustrated in Fig. 3, when Measurement Control occurs, UE1 (PLMN1) and UE2 (PLMN2) measure RSRP or RSRQ of adjacent eNBs. However, their adjacent eNBs can be different. In the case of inter-PLMN D2D communications, UE1 measures the signal to eNBs of PLMN1 (i.e., eNB0 and eNB1), while UE2 measures the signal to eNBs of PLMN2 (i.e., eNB2). Therefore, ProSe capable UEs in the ongoing D2D communications may have different measurement lists. The Measurement Object of the D2D pair is different. As a result, when the D2D pair move out of eNB0 coverage, each ProSe capable UE may be handed over to different eNBs, though they are in geographically close proximity. The service of D2D communications is interrupted, not fulfilling the service continuity requirement. 

Observation 3: Measurement Control for D2D communications handover needs a D2D-specific ID to find D2D groups or pairs.
Observation 4: In the inter-PLMN D2D communications scenario, the Measurement Objects of the D2D pair can be different, thereby leading to D2D communications interruption.
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 Fig. 3 Different Measurement Objects in the scenario of inter-PLMN D2D communications
In Step 9-11, the handover UE performs RACH procedure for uplink dedicated resource in the target cell . The UE executes contention-free RACH procedure if a dedicated RACH preamble is allocated by the target eNB. If the service continuity of D2D communications is satisfied, there is no need for the eNB to allocate contention-free RACH preambles to each ProSe capable UE of the D2D pair. Duplicate contention-free RACH preamble resource allocation may not be necessary. In addition, each ProSe capable UE performs RACH procedure may cause extra latency, extra signal overhead to continue the service of D2D communications. That is, in D2D communication handover, it will reduce signalling overhead if the eNB allocates one contention-free RACH preamble to the specific D2D group or pair. 
Proposal 2: In D2D communication handover, it will reduce signalling overhead if the eNB allocates one contention-free RACH preamble to the specific D2D group or pair.
4 Conclusion
	In this contribution, we discuss the D2D communication service continuity problems caused without modifying the current Rel-12 RAN-level handover procedure.  We have the following observations.
Observation 1: When ProSe capable UEs are in onging D2D communications, the handover mechanism should be further investigated so as to provide service continuity.
Observation 2: Since the ProSe capable UEs in onging D2D communications are in proximity and even have the similar moving pattern, it is likely that they move to the same neighboring cell sooner or later.
Observation 3: Measurement Control for D2D communications handover needs a D2D-specific ID to find D2D groups or pairs.
Observation 4: In the inter-PLMN D2D communications scenario, the Measurement Objects of the D2D pair can be different, thereby leading to D2D communications interruption.
Based on those observations, we have two proposals.
Proposal 1:  We propose the concept of joint handover when ProSe capable UEs are in close proximity to each other and they are in onging D2D communications. 
Proposal 2: In D2D communication handover, it will reduce signalling overhead if the eNB allocates one contention-free RACH preamble to the specific D2D group or pair.
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