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Discussion
1 Introduction

A revised Work Item Description in eMBMS was agreed at RAN Plenary #51 entitled Service continuity and location information for MBMS for LTE [1]. The Work Item recognises that mobility procedures do not account for eMBMS reception in Release-9/10 and divides the work to be addressed into two main areas, namely:

· Support for localised MBMS areas via location information – localised meaning areas smaller than an MBSFN Area.

· Enabling the network to provide continuity of the desired MBMS service(s) for operation in:

· Idle mode,

· RRC connected mode.

The present document focuses on the latter topic and considers service continuity for eMBMS from the perspective of Release 10 features, specifically Carrier Aggregation.

2 Discussion
Carrier aggregation was introduced in Release 10 to provide multiple carrier and higher bandwidth operation beyond the 20MHz channel bandwidths specified in Release 8. With that in mind this document presents a number of mobility scenarios that consider support of MBSFN within a network using carrier aggregation. It is also recognised that an MBSFN capable UE may or may not support Carrier Aggregation. Figures 1 and 2 provide a representation of some mobility scenarios important for the provision of MBSFN services to Carrier Aggregation capable UEs.

In Figure 1 the network uses two frequency layers, one for unicast-only traffic and one for mixed carrier operation of unicast and MBSFN traffic. The network is configured with three MBSFN Areas; each MBSFN Area comprising a number of cells forming a contiguous cellular deployment. Note that the cellular network is shown in part in Figure 1 but provides coverage over the entire network deployment area. MBSFN Areas #1 and #2 are realised by allocating MBSFN subframes on frequency f2, while MBSFN Area #3 is realised by using MBSFN subframes on frequency f1. Within the geographic area covered by the cells configured to be part of MBSFN Areas #1 and #2, on carrier frequency f2, the carrier on frequency f1 carries only unicast traffic. Within the geographic area covered by the cells configured to be part of MBSFN Area #3 the carrier operating on frequency f2 carries only unicast traffic.
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Figure 1 A diagrammatic representation of mobility scenarios set within a carrier aggregated network comprising unicast-only carriers and mixed MBSFN carriers.

The mobility scenarios presented in Figure 1, labelled A through to E, are described in turn.

Mobility scenario A

Description of scenario: A UE with unicast traffic on carrier f1, and receiving an MBMS service on carrier f2, crosses a cell boundary and remains within the same MBSFN Area.

Observations:

· If the UE is receiving MBSFN services on carrier f2 configured as an Scell, then as the UE moves between cells an intra-frequency handover will mean that the UE’s Scell will require reactivation to maintain service continuity.

· It may be the case that an inter-frequency handover results in the former Scell on carrier f2, (containing in this example MBSFN transmission) becoming the Pcell, in which case there is no need for Scell reactivation.

Mobility scenario B

Description of scenario: A UE crosses a cell boundary and crosses MBSFN Areas. In Figure 1 the UE crosses from MBSFN Area #1 to #3. MBSFN Area #1 is operating on frequency layer f2, MBSFN Area #3 operating on frequency layer f1.

Observations:

· If the UE has unicast traffic on carrier f1, and is receiving MBSFN services on carrier f2 configured as an Scell then as the UE moves between cells an inter-frequency handover will mean that the UE will require activation of an Scell on carrier frequency f1 to maintain service continuity.
· If the UE has unicast traffic on carrier f1, and is receiving MBSFN services on carrier f2 configured as an Scell then an intra-frequency handover in this scenario will mean that the MBSFN service may be received on the new Pcell obviating the need to activate an Scell.
· If the UE is not CA capable and is receiving MBSFN services on carrier f2 in connected mode then an inter-frequency handover is required.

· If the UE is not CA capable and is receiving MBSFN services on carrier f2 in idle mode then the UE must perform a cell reselection to carrier f1.
· MBSFN Areas #1 and #3 may overlap given that they are respectively operating on frequencies f2 and f1.
Mobility scenario C

Description of scenario: A UE with unicast traffic on carrier f1, and receiving an MBMS service on carrier f2, crosses a cell boundary and crosses MBSFN Areas. In Figure 1 the UE crosses from MBSFN Area #1 to #2. MBSFN Area #1 is operating on frequency layer f2; MBSFN Area #2 is also operating on frequency layer f2.

Observations:

· If the required MBMS service is provided on both MBSFN Area#1 and MBSFN Area#2, then as the UE moves between cells an intra-frequency handover will mean that the UE will require activation of an Scell for carrier f2 to maintain service continuity, now within MBSFN Area#2.
· On the other hand, if the required MBMS service is provided on both MBSFN Area#1 and MBSFN Area#2 an inter-frequency handover will mean that the UE may receive the required MBMS service on the new Pcell so there will be no need to activate an Scell.
· If the required MBMS service is not provided on MBSFN Area#2, E-UTRAN (the MCE) may decide that provision of the service on MBSFN Area#2 is now warranted, activate the service in the network and activate an Scell for the UE on carrier f2.
· MBSFN Areas #1 and #3 are non-overlapping given that they are both operating on frequency f2.
Mobility scenario D

Description of scenario: A UE with unicast traffic on carrier f2, receiving an MBMS service on carrier f1, crosses a cell boundary and leaves the coverage of all MBSFN Areas.
Observations:

· As the UE moves outside the coverage of MBSFN Area #3 then there will be no requirement for the network to reactivate an Scell on carrier f1.
· The UE application layer may decide to receive the MBMS service via unicast to maintain service continuity.

· It is noted that RAN2 has in the past decided that initiation and discontinuation of services via unicast should be outside the scope of 3GPP standardisation and be the responsibility of the application layer.
Mobility scenario E

Description of scenario: A UE with unicast traffic on carrier f2 crosses a cell boundary, and enters the coverage of an MBSFN Area.
Observations:

· As the UE moves into the coverage of MBSFN Area #3 on carrier f1 then the network could activate an Scell on carrier f1 if a required MBMS service is available on that MBSFN Area.
· On the other hand the UE application layer could decide to activate MBMS service reception via MBSFN and discontinue reception via unicast.

· Again, as for mobility scenario D, it is noted that RAN2 has in the past decided that initiation and discontinuation of services via unicast should be outside the scope of 3GPP standardisation and be the responsibility of the application layer.
Figure 1 presented scenarios in which mixed carrier operation was on one frequency layer only. Figure 2 presents a similar scenario to that in Figure 1 however in this case both frequency layers f1 and f2 support mixed carrier MBSFN operation. Comparing the scenario presented in Figure 1 to that in Figure 2 then the UE in Figure 2 may be expected to receive MBMS services from two MBSFN Areas across two carriers at the same time.
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Figure 2 A diagrammatic representation of mobility scenarios set within a carrier aggregated network comprising only mixed MBSFN carriers. 
The scenarios represented in Figure 2 will be somewhat more complicated than those considered in Figure 1 and will be the subject of a future submission.
3 Conclusions

Based on the discussion presented it is proposed that RAN2:

1. Provide service continuity support for mobility scenarios A, B and C.

2. Follow the previous decisions related to initiation and discontinuation of services via unicast and not specify service continuity support for mobility scenarios D and E which should be left to UE implementation.
It is recognized that this document presents only some of the possible configurations of MBSFN Areas within networks using Carrier Aggregation and hence a subset of possible mobility scenarios. Other possible configurations of MBSFN Areas should not be precluded from further discussion of service continuity.
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