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1 Introduction

In the RAN#51 meeting, RP-110452 regarding MBMS Service continuity and location information for LTE has been approved. The MBMS service continuity enables the network to provide continuity of the service(s) provided by MBSFN to UEs in RRC Idle mode to select/reselect the desired MBMS service(s) and UE in RRC connected mode to continue receiving the desired MBMS service(s). This paper discusses how service continuity is provided when the UE is at the edge of an MBSFN. At this position the neighboring cells are not members of the MBSFN that the UE is joining, therefore they may not support the MBMS session that the UE is receiving. The neighboring cells, however, may be members of another MBSFN that offers the same MBMS session. If the currently received MBMS session is not available, for service continuity, this MBMS session should be continued through a unicast session  
2 Discussion 

One of the service continuity issues is when the UE is at the edge of an MBSFN area (e.g. cell 1 in Fig.1 below). The adjacent cells that are not members of the MBSFN that the UE is joining may not provide the MBMS service that the UE is currently receiving. 
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Figure 1. UE at the edge of MBSFN1
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When the UE is moving towards the edge of the MBSFN area, the SINR would be degraded, even though in general the MBSFN area provides much better SINR due to the “over-the-air” combining properties. In this case, to make sure that the UE can continuously receive the MBMS data, one way is to turn on the neighboring cells with better signal strength, such as cell 2 and cell 3, to be members of the MBSFN. This will create a dynamic MBSFN area, especially when the UE moves around a lot. The dynamic MBSFN area may add more complexity for both the MBMS control channel and the data channel. 
The neighboring cells maybe members of a different MBSFN as shown in Fig. 2, and this MBSFN may or may not offer the same MBMS session that the UE is receiving. If the different MBSFN provide the same MBMS session, the radio characteristic in this new MBSFN may be different than in the current MBSFN. Signaling and procedure modification/addition are required to find out whether the neighboring cells that belong to the new MBSFN provide the MBMS session that the UE is currently receiving, and if the MBMS session is provided, the radio properties of the new MBSFN. It is also possible that the neighboring cells are not members of any MBSFN and do not provide any MBMS session.   
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Figure 2. UE at the edge of MBSFN1 and MBSFN2
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Simplified ways should be considered to avoid the dynamics of the MBSFN area or signaling and procedure modification/addition. In most cases, due to the proper provisioning, we do not expect many users to move around in/out of MBSFN areas. The situation described in Figures 1 and 2 may only apply for a small number of users so it may not be worthwhile to turn on the “non-MBSFN cells” such as cell 2 and cell 3 to be members of the MBSFN to accommodate the few moving users, or if cell 2 and 3 are already member of other MBSFN, to become members of another MBSFN.        

In this case, to extend the service continuity, when the UE detects its received SINR is degrading or it experiences frequent packet loss over the MBMS channel, it seems simpler that the UE directly triggers a more robust dedicated p-t-p (point to point) transmission from the serving eNB concurrently with the MBMS p-t-m (point to multipoint) transmission the UE has been receiving. Note that due to the high SINR of the MBSFN, the MCS chosen may be aggressive for the MTCH. Therefore, even though the UE is still in the cell coverage which is part of the MBSFN (MBSFN edge cell); the UE may not be able to receive the aggressive modulated MBMS data correctly.  If the UE is in idle mode when receiving the MBMS session, then the UE may enter the connected mode and request for the dedicated link to receive the desired MBMS session. In this case, the UE may even be able to combine the p-t-m and the p-t-p transmissions for a better MBMS reception. When the p-t-m reception gets much worse as the UE is moving away from the edge of the MBSFN area, then the UE may disable the p-t-m reception and only rely on the p-t-p connection for the desired service, and this may also facilitate further p-t-p handover to the target cell which is not a member of the MBSFN (e.g. cell 2 or 3 in Fig.1). After successful handover p-t-p handover using the available procedure and signaling, the UE will find out if the target cell belongs to another MBSFN and whether the desired MBMS session is available using the current specifications. If the desired MBMS session is available, the UE can join MBMS session in the new MBSFN area by concurrently adding p-t-m transmission and later discontinue or release the MBMS p-t-p transmission after the UE can successfully decode the MBMS p-t-m transmission. 
If the desired MBMS session is not available in the target cell, or the target cell is not part of any MBSFN, the UE can keep receiving the desired MBMS session through the p-t-p transmission.  
When the network and the UE support CA, the MBMS session via p-t-p and MBMS session via p-t-m can be transmitted in two different frequencies, one transmission can be in P-cell and the other transmission can be in the S-cell. If the p-t-p transmission is in carrier f1 (P-cell) and the p-t-m transmission is in carrier f2 (S-cell), no activation is required when the p-t-p transmission is added, but if the p-t-p transmission is in carrier f2 (S-cell) and the p-t-m transmission is in carrier f1 (P-cell), UE will require activation of the S-Cell in carrier f2 when the p-t-p transmission is added. 
It is also possible that the added p-t-p transmission is in the same carrier as the p-t-m transmission. If the p-t-m transmission is in the carrier f1 (P-cell), no activation is required when p-t-p transmission is added in carrier f1, but if the p-t-m transmission is in the carrier f2 (S-cell), UE will require activation of the S-Cell in carrier f2 when the p-t-p transmission is added.
3 Proposal
Proposal: Allow the UE to add p-t-p transmission when the MBSFN reception deteriorates to better receive the MBMS session and to prepare for handover in case the target cell is not part of MBSFN to continue the MBMS session.

4 Reference
1. RP-110452: Service continuity in connected mode and location information for MBMS for LTE
2. TS. 36300 v10.2.0: E-UTRA and E-UTRAN Overall Description Stage 2 (Release 10)
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