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Abstract of the contribution: this contribution proposes a solution based on the 3GPP-level handover procedure for maintaining the service continuity of a UE moving in and out of the eMBMS bearer service area.
Discussion

TR 23.768 describes in the key Issue #5 "Service Continuity":
will the 3GPP EPS provide service continuity for a GCSE group communication between delivery over a unicast EPS bearer and delivery over a Multipoint Service (MuSe)?

-
If so, what EPS procedures will be required?

-
If not, what interface support, in order to minimise service disruption, will the EPS provide to 3rd party applications to manage the switch to/from unicast EPS bearers and a Multipoint Service?

This paper describes a solution to provide service continuity in the above described case. Support of service continuity has been prioritized by SA plenary and is considered as important for public safety services. Data packet loss may not be tolerated due to the importance of the data for the Group call (GC) service for public safety.
Currently there is no native MBMS solution to support service continuity because applications for MBMS transmission are intended to be offered in a given area (MBMS bearer service) and outside this area the UEs do not receive the application data. 

Mobility aspects of UEs moving out from (e)MBMS bearer service area to other neighbouring cells, has been described in solution #5 in TR23.768. Solution #5 is based on the Application level signalling from the GCSE-AS to the UE. However this solution does not work in case where the MBMS bearer service is provided in small area, e.g. 1-5 cells, as always there will be neighbour cells not supporting MBMS bearer service, i.e. the current cell will be boundary cell. 
The proposed solution is based on 3GPP-level mechanism. The solution proposes that during a handover procedure to a neighbour cell which does not support MBMS bearer service, the source eNB and target eNB negotiate the temporary forwarding of the MBMS data over unicast bearer. After the handover is completed, the UE initiates unicast delivery request from the content provider (GC-AS).
Proposal
The following solution is proposed to TR 23.768.

* * * Start of Change * * *

6.X
Solution X: Service continuity between unicast and multicast delivery
This solution is related to Key Issue #5 “Service Continuity”. 
6.X.1
Functional Description
This solution for service continuity proposes a 3GPP network-oriented approach which is in-line with the legacy handover procedure where the source eNB forwards data to the target eNB over the X2 interface. When a UE using eMBMS service moves out of an eMBMS area and service continuity is required, then the eMBMS service data is temporarily forwarded via the X2 interface to the target cell (eNB2). In the target cell, the eMBMS data is mapped to an existing Data Radio Bearer (DRB).

The following are the main principles of this solution:

· The serving eNB is aware about the eMBMS bearer service(s) currently received by the UE;
· During the handover preparation phase, the source eNB and target eNBs exchange information about the particular eMBMS service support. The eNB2 generates Handover Command message to indicate that eMBMS data can be mapped to a unicast DRB in the target cell;
· During the handover execution phase, the source eNB forwards eMBMS data to target eNB over X2 interface;

· In the target cell, the eNB maps the eMBMS data over existing unicast DRB as long as the UE starts receiving the Group Call (GC) data over unicast delivery from the Application server.
6.X.2
Procedures
6.X.2.1
Switching from MBMS to unicast delivery
Figure 6.X.2-1 shows the procedures for service continuity when the UE moves from a cell (eNB1) transmitting eMBMS bearer service to a cell (eNB2) which does not transmit the same eMBMS service, i.e. when the UE moves out of eMBMS service area. The thick arrows show the data flow and the thin arrows show the signalling flow between the functional entities
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Figure 6.X.2-1: Service continuity when UE moves out of the eMBMS service area
The following steps are performed:

· In Step (1) UE's context in the eNB1 is extended to store information about the currently activated (and received) eMBMS services in this cell.
· In step (2), the UE reaches the eNB1's cell edge and sends measurements reports.
NOTE 1:
UE measurement reports can be extended with MBMS bearer radio quality. 
Editor's Note: It is FFS which actions the eNB1 can perform to guarantee the service continuity when the UE has good unicast radio bearer quality, but poor MBMS bearer radio quality.
-
Step (3) shows the handover preparation phase of the X2-based handover procedure:
-
In step (3.1) the eNB1 initiates the handover procedure by indicating to the eNB2 the UE's context including eMBMS-related context. The signalling exchange from eNB1 to eNB2 can include different eMBMS service parameters (e.g. TMGI, QoS, ARP, QCI and UE's preference(s) of the eMBMS services compared to unicast services/bearers). .
-
In step (3.2), the eNB2 determines how to map the eMBMS data to a unicast DRB bearer in the target cell using existing DRB (e.g. default bearer). The Handover Command message generated in the target eNB2 is transmitted over eNB1 to the UE. The Handover Command message contains indication to the UE on which DRB the MBMS data is mapped. 
Editor's Note: It is FFS how the eNB2 determines which one of the existing unicast DRBs, if there are multiple existing unicast DRBs.
-
In step (4.1) as part of the handover execution procedure, the source eNB1 forwards the eMBMS data to eNB2 over the X2 interface. The forwarding of data over X2 interface is described in 3GPP TS 23.401. The GTP tunnel used for forwarding has been negotiated in the previous step (3.2).
NOTE 2:
If multiple application groups are mapped to one TMGI and the UE is interested in only one group, there is resource usage inefficiency as the source eNB forwards the MBMS traffic related to the TMGI. 
-
In step (4.2) as part of the handover execution procedure, the UE establishes RRC connection and DRB with eNB2. The UE prepares to internally forward the received eMBMS data packets over the unicast DRB bearer to the GC application. The UE does not start procedures for eMBMS resource discovery in the target cell if the UE listened to only one eMBMS service, for which the UE was informed from the Handover Command message that the target cell doesn't t support it.
-
In step (5), after the establishment of RRC connection and DRB(s) between UE and eNB2, eNB2 forwards to the UE the eMBMS data received from eNB1 over the DRB as indicated by eNB1.
NOTE 3: If S1-based handover is performed, in steps (3), (4) and (5) the signalling and data forwarding between eNB1 and eNB2 is performed over MME, however, no changes to the MME are necessary. 
-
In steps (6.1) and (6.2), after the completion of the handover procedure, the UE initiates application level signalling to the GC-AS to request the unicast delivery of the application data (GC data). The GC-AS acknowledges to the UE the start of unicast delivery of the GC data.
-
In step (7), the GC-AS starts unicast delivery of GC data/media to the UE, i.e. GC-AS uses unicast IP address to transmit the data (which in turn is sent over unicast EPS bearer in the 3GPP system). 
-
In step (8), the eNB2 determines when the UE start receiving the GC data over unicast delivery and consequently informs eNB1 to stop forwarding of the eMBMS data over the X2 interface. The eNB2 sends Release Resource message to eNB1 to inform the success of the handover procedure and to release the resources (e.g. UE's context) in eNB1. For example the UE indicates the successful start of unicast delivery using RRC signalling to the eNB2. 
6.X.2.2
Switching from unicast to MBMS delivery

Figure 6.X.2-2 shows the procedures for service continuity when the UE is connected to a cell which provides multicast delivery (i.e. eMBMS bearer service) of the GC service which is currently received via unicast delivery. It is proposed that the MME maintains a UE's context including the GC service identifier (GC-ID or APN). Upon handover and corresponding S1 procedures, the MME determines that the GC service currently received over unicast bearer is distributed over eMBMS bearer in the target cell. 
The thick arrows in Figure 6.X.2-2 show the data flow and the thin arrows show the signalling flow between the functional entities.
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Figure 6.X.2-2: Service continuity when UE moves into eMBMS service area
The following steps are performed:

· In step (1) the UE establishes GC service over eNB1. As eNB1 is not part of the eMBMS bearer service (or no eMBMS bearer service has been established yet), the GC service delivery is via unicast bearer. The MME stores in the UE's context the GC service identifier (GC-ID, e.g. APN, session ID). Optionally the UE may indicate a GC-ID for the specific GC service. From the UE's point of view, the eMBMS bearer service can be seen as pre-established prior to the handover procedure.
-
In step (2), the MME is able to map the relation of the GC-ID of the unicast bearers with the multicast MBMS bearer identifier. 
Editor's Note: It is FFS how the correlation of GC-ID and MBMS bearer is provided to the MME.
· In step (3) the UE performs an inter-eNB handover from eNB1 to eNB2 according to 3GPP TS 23.401. After the handover procedure the UE receives the GC service data over unicast delivery via eNB2.
· In step (4), the MME determines that the GC service, which the UE receives over unicast EPS bearer, is provided by the eMBMS bearer in this cell. The MME indicates to the UE that the GC service can be obtained via eMBMS bearer service, e.g. MME indicates the TMGI of the eMBMS bearer service.
· In step (5) the UE starts scanning the broadcasted cell system information (SIB) to discover the radio resources for the eMBMS bearer service. 
In step (5.1) The UE initiates procedures to join the eMBMS bearer service as described in 3GPP TS23.246. After steps (5) and (5.1) the UE is able to receive the GC service via eMBMS bearer service.

· In steps (6.1) the UE uses application-level signalling to inform the GC-AS about the ability to receive GC service data over multicast delivery. In step (6.2) the GC-AS can acknowledge the reception of the message in step (6.1) and to terminate the transmission of GC service data over unicast delivery.
The procedures described in Figure 6.X.2-2 are also applicable to the case where the eMBMS bearer service is established after or during the UE receives the GC service data over unicast delivery. After the eMBMS bearer service is set up, similar to step (4) in Fig. 10, the MME determines that the unicast EPS bearer established for GC service over eNB1 is used for the same service as the newly established eMBMS bearer service in eNB1's cell. The MME indicates to the UE that the GC service can be obtained via eMBMS bearer service, and more specifically the MME indicates the TMGI of the eMBMS bearer service.
6.X.3
Impact on existing entities and interfaces
Impacts to UE:

· Supports RRC protocol extensions for:
-
Handover Command message including DRB ID for MBMS data; and
-
Optionally, measurement reports for MBMS bearer radio quality.
· Support transfer of MBMS-related information (TMGI) over NAS protocol.
Impacts to eNB
· In C-plane, support exchanges of MBMS-related information over X2 interfaces during handover preparation phase; and
· In U-plane, support mapping of MBMS data over unicast bearer. 
Impacts to MME:
· Maintains MBMS bearer context containing a Group Call ID; and
· Support transfer of MBMS-related information (TMGI) over NAS protocol to UE.

6.X.4
Solution evaluation

The main benefits of the proposed solutions are:

· service continuity is supported on network (3GPP) level, i.e. no data flow interruption is perceived by the application layer;

· only when needed, i.e. the UE moves to neighbour cells, which do not supporting multicast delivery, the UE will switch to unicast deliver; 
· the solution applies also in case of eMBMS services provided in only 1 cells or small number of cells (e.g. 1-5).

Editor's Note: The fulfilment of requirements in section 4 needs will be evaluated.

* * * End of Changes * * *
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