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1 Introduction

In the RAN#53 meeting, RP-110452 is modified to exclude the location information from the original work item, and becomes MBMS Service improvements for LTE. This work item has been approved. The work item will enable the network to provide MBMS service(s) continuity through point to multipoint (p-t-m) transmission to UEs. In RRC Idle mode, the UE selects/reselects the desired MBMS service(s) and in RRC connected mode the UE handovers to appropriate cell to continuously receive the desired MBMS service(s). This paper discusses a method for the network to provide service continuity for UE in RRC connected mode. Currently the serving cell (i.e. the serving eNB or the P-cell) does not know what MBMS session(s) that a particular UE is currently receiving and what MBMS service(s) is provided by its intra- or inter-frequency neighboring cells. In a handover, if the handover is based on the measurement report only, the highest priority cell is based on the strongest signal, and the serving cell may handover the UE to a target cell that does not provide the MBMS service(s) the UE is receiving or interested to receive.  
2 Discussion 

To provide service continuity during handover, the serving cell must handover the UE to a target cell that provides the same MBMS service(s) that the UE is receiving or interested to receive, including selecting a target cell in a different frequency. It has been agreed that the UE will have the knowledge of the MBMS frequency through Electronic Subscribe Guide (ESG) or other mean. Currently the handover decision is based on signal strength only, where the target cell is selected based on the received downlink signal strength. However, the target cell might not be providing the MBMS service(s) that the UE is receiving or interested to receive. This is because the serving cell does not know which MBMS service(s) the UE is receiving or interested to receive and both the serving cell and the UE do not know which MBMS service(s) is provided by each neighboring cell, including the cell with the strongest received downlink signal. The UE may ‘soft combine’ the MBMS p-t-m transmission from the neighboring cells that belong to the same MBSFN, but the UE cannot differentiate from which cell it receives the additional MBMS p-t-m transmission. Therefore the UE does not know the MBMS service provided by the neighboring cells it measured.
If the serving cell knows the MBMS service(s) that the UE is (still) interested to receive and the MBMS service(s) that its neighboring cells provide, the serving cell can direct the UE to handover to an appropriate target cell that may provide the MBMS service(s) continuously but also with good downlink received signal.
It also has been agreed that in RRC_CONNECTED, the UE that is receiving or interested to receive MBMS via MBSFN informs the network about its MBMS interest. If the serving cell does not have information whether the measured neighboring cells can support the MBMS service(s) informed by the UE, the serving cell can inquire of the MCE or MME, or directly inquire of each measured neighboring cell to find its MBMS service(s) availability. Then the serving cell will make the handover decision, not solely based on the downlink received signal strength but also based on the MBMS service availability to one of its measured neighboring cell with signal strength above a certain threshold. Therefore, the selected target cell may not be the cell in the measurement report with the strongest downlink received signal, but it should be the cell that provides MBMS service(s) as informed by the UE, as long as the downlink received signal strength is still above a certain threshold. The serving cell certainly needs to consider other criteria to prioritize the handover, e.g. unicast vs. multicast. For example, if the UE is in an emergency call, the serving cell will select a target cell based on the strongest downlink received signal in the measurement report, even if the target cell does not support the MBMS service(s) that the UE is currently receiving  

Proposal 1: The serving cell should be aware of the MBMS service(s) that are provided by the intra- or inter-frequency neighboring cells, in order to appropriately select a target cell for the UE. 
When the inquiry to the MCE or MME or direct inquiry to the measured neighbor cell does not provide any neighboring cell with matching MBMS Service(s) informed by the UE, it means none of the measured neighboring cell(s) provides MBMS service similar to the MBMS service(s) that UE is (still) interested to receive. The UE can add a unicast radio bearer to receive the same MBMS service(s) that the UE is (still) interested to receive via point to point (p-t-p) transmission concurrent with the p-t-m transmission, where the combining of the p-t-p and p-t-m transmission in RLC layer can yield to a better reception. When the p-t-m reception is getting worse, the p-t-m transmission is discontinued and the unicast handover to a target cell that has the strongest downlink received signal may follow. Before handover to the target cell, however, the target cell has to join the MBMS IP multicast of the corresponding MBMS service(s) indicated by the same TMGI
Proposal 2: If no suitable neighboring cell can provide the interested MBMS service(s), the UE can add a unicast radio bearer to concurrently receive the same MBMS service(s) as transmitted via p-t-m transmission. 
3 Summary of the Proposals
There are several procedures to enable service continuity. 
The UE shall inform the serving cell the MBMS service(s) that the UE is (still) interested to receive. For example, the UE can indicate these MBMS service(s) by inclusion of the corresponding TMGI(s).    
According to proposal 1, the serving cell should be aware of the MBMS service(s) that are provided by the neighboring cells, in order to appropriately select a target cell for the UE. If the TMGI(s) informed by the UE matches the TMGI(s) in the measured neighboring cells within the same MBSFN area, the serving cell can select the appropriate target cell, as long as the signal strength is better than a certain threshold. When the serving cell does not have TMGI(s) information relevant to the TMGI(s) informed by the UE, the serving cell can inquire of the MME or the MCE or directly inquire of each measured neighboring cell to get the up to date TMGI(s) and other MBMS service(s) information available at the neighboring cell(s).
According to proposal 2, if no suitable neighboring cell can provide the interested service(s), the UE can add a unicast radio bearer to concurrently receive the same MBMS service(s) transmitted via p-t-m transmission. If the reception of the p-t-m transmission is getting worse, the UE can discontinue the p-t-m transmission and may proceed with unicast handover to a target cell that has the strongest signal. Before handover to the target cell, the target cell has to join the MBMS IP multicast.         
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