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1 Introduction

At RAN#51 the eMBMS Rel-11 WI was agreed as described in ‎[1]. One of the objectives is to “specify mechanisms to enable the network to provide continuity of the service(s) provided by MBSFN”. Service continuity shall be ensured for both connected and idle mode UEs in “deployment scenarios involving one or more frequencies”.
In this contribution, we consider service continuity/availability for UEs in connected mode where the UE moves in a multi-layer deployment where different MBSFN areas may be defined on multiple frequencies. Furthermore, we consider the case where the UE is only able to receive MBMS on cells which it is connected to.
2 Discussion

We assume that MBMS services can be simultaneously provided on multiple different frequency layers as depicted in Figure 1. Based on the overall opinion indicated in ‎[2] question 4b, we have the following 
Proposal / assumption 1: non-MBMS cells use system information to provide “MBMS-FrequencyIndicator” in order to inform both idle and connected UEs about neighbor cells that are on an MBMS frequency layer.
As indicated in Note 2 in 5.8.1.3 ‎[3], the UE may know in which MBSFN areas it wants to receive MBMS services, e.g. based on history:
NOTE 2:
In case the UE is aware which MCCH(s) E-UTRAN uses for the service(s) it is interested to receive, the UE may only need to monitor change notifications for a subset of the MCCHs that are configured, referred to as the 'applicable MCCH(s)' in the above.
We can also assume that MBSFN area IDs are chosen in a way that even on different MBMS frequencies neighboring MBSFN area IDs are unique.
In M2 Setup Response from MCE to eNB as defined in ‎[4], the MCE provides the eNB with information which cells are part of an MBSFN area. Thus, the eNB knows which neighbor eNB cell is part of the MBSFN area, but also has information to which MBSFN area a neighboring cell handled by the same eNB belongs. With such information, the eNB can easily derive the MBMS frequency from the MBSFN area ID.
Furthermore, most companies indicated in ‎[2] question 5 that “some change to RRC signalling procedures is required in order that network provides continuity of MBMS services during handover”.
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Figure 1. Mobility in multi-layer deployment scenarios. 

2.1 Contents of RRC message to indicate MBMS interest / reception

If a connected UE is interested in receiving MBMS services that are provided on different frequencies, the UE needs to prioritize the services. The UE has the following two possibilities.

Approach 1: The UE indicates the MBSFN area ID (8 bits) according to the MBMS service priority. A 1-bit flag indicates whether MBMS reception is ongoing in that MBSFN area. If the UE has no information about the schedule and MBSFN area of the service with highest priority, it simply lists the MBSFN area ID in which it is currently receiving one or more MBMS services,  first. As described above, the eNB can derive the corresponding MBMS frequency from the MBSFN area ID. This allows short RRC messages.

Approach 2: The UE indicates a list of MBMS services in the order of priority, using the TMGI (24-50 bits) to identify the services. Since the serving eNB may not know whether a service is already ongoing on a neighbor eNB cell, such information from the UE, using application layer information, might be useful for the network to prepare for intra- or inter-frequency handovers between neighboring eNBs. Depending on the number of services the UE is interested in, the RRC message might become large. However, the network must have knowledge on which MBMS services are ongoing on which MBSFN areas / frequencies and may then control the UE accordingly.

Approach 3: Combination of approach 1 and 2. Provision of
- MBSFN area ID with 1-bit indication whether MBMS reception is ongoing in that MBSFN area
- service list according to priority with optional MBSFN area ID information where the UE expects the corresponding service and potentially including a flag whether the service is already ongoing (based e.g. on history or potentially application layer)
Furthermore, there are different scenarios that need to be considered.
2.1.1 Simple service continuity

The UE only needs to indicate in which MBSFN area it is receiving MBMS service(s). As the eNB knows which neighbor cells belong to the same MBSFN area, the network performs intra-frequency handover to keep the UE on the MBMS frequency where it is served (case A in Figure 1). This corresponds to approach 1 indicating only one MBSFN area ID. Approach 2 which indicates detailed services is not needed.
2.1.2 Service availability of high priority service

The UE is receiving service 2 in MBSFN area #2 on frequency f2 in geographic area ‘a’, but prioritizes service 1 that is provided in MBSFN area #1 on frequency f1. When the UE moves from area ‘a’ to area ‘b’, the simple approach would keep the UE on f2 (case C), but the UE should be moved to f1 (case B).
Another factor that should also be taken into account before a UE is moved from one frequency to another is whether the service of higher priority is actually ongoing. Here, one approach is to take into account session start information from the application layer. 
MBSFN area prioritization for UE-assisted network control (approach 1): If the UE knows that service 1 has not started yet, it should prioritize MBSFN area provided on f2, such that case C should apply when the UE moves from area ‘a’ to area ‘b’. When service 2 is about to start (use knowledge from application layer about session start), the UE should trigger an indication that MBSFN area #1 (f1) should be prioritized over MBSFN area #2 (f2) triggering a handover to f2 (case D).
Issue 1: This approach requires that the UE knows that MBMS service 1 is provided in MBSFN area #1 (f1)!
MBMS service list for network controlled trigger (approach 2): The network moves the UE to the correct frequency taking into account service priorities and knowledge about the MBMS schedule on different MBSFN areas / frequencies. Information about ongoing services might be provided by the UE. This approach requires a significantly larger RRC message to be generated by the UE, but allows the network to make more suitable decisions for handover.

We prefer approach 3 since it provides flexibility for the eNB. If the eNB does not have sufficient knowledge on the MBMS services and their session starts and MBSFN areas / frequencies, it may ignore the second part with the service list.
Proposal 1:  The MBMS status report should include the MBSFN area ID(s) and indicate whether it is already receiving MBMS in that MBSFN area or not.
Proposal 2: Additionally add a service list according to priority with optional MBSFN area ID information where the UE expects the corresponding service.
Proposal 3: Discuss whether the UE needs to indicate in the MBMS service list whether an MBMS service is ongoing.
2.2 Type of RRC message to indicate MBMS interest / reception

Service continuity support for UEs in connected mode has already been discussed in ‎[3] and ‎[4], where it is discussed to report MBMS reception status of a UE via
Option 1) an extended measurement report or 

Option 2) a new RRC message.
For service continuity, it would be sufficient to indicate MBMS reception together with the measurement report, such that the network can keep the UE on the current frequency when it has to make an intra-frequency handover. However, if we consider service availability of an MBMS service, more flexibility would be helpful. For example, due to load balancing issues the network may want to keep the UE on f2 and therefore does not configure measurement objects for f1 for the UE, even though the UE would be interested in MBMS reception on f1. Consequently, the UE should be able to indicate MBMS interest on f1 to trigger the network to configure measurement objects and move the UE to f1 when appropriate. 
Furthermore, we think that measurement reports should be independent of MBMS.
Proposal 3: Introduce new RRC message to indicate MBMS interest and/or reception status.
3 Conclusion

Proposal 1:  The MBMS status report should include the MBSFN area ID(s) and indicate whether it is already receiving MBMS in that MBSFN area or not.

Proposal 2: Additionally add a service list according to priority with optional MBSFN area ID information where the UE expects the corresponding service.
Proposal 3: Discuss whether the UE needs to indicate in the MBMS service list whether an MBMS service is ongoing.
Proposal 4: Introduce new RRC message to indicate MBMS interest and/or reception status.
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