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Abstract of the contribution:

The solution aiming at removing and/or reducing interruption in the service continuity for group communication is described. The solution focuses on the case where the UE is moving out of the MBMS Service Area.
1 Introduction
Remaining issues in the GCSE_LTE WI have been identified [1]:

· (A), (E) Group Management and associated User Interaction;

· Includes group creation and group membership control and associated user interaction.
· (B) Group Communications;

· Includes group communications (and setup) in and out of coverage and in roaming scenarios; priority/pre-emption, notifications when group communications start, ability of user to accept/reject/ignore (and for the system to require a user to accept) a group communication, ProSe Group Communication aspects (aside from UE to Network relay).
· (F) Service Continuity; and

· When UEs move among different cells providing multipoint service. Considers service continuity when delivery of group communications changes between unicast and multipoint service.
· (H) Resource Efficiency.

· Includes multicast/unicast handling. Without this feature component, UEs and the CN will behave according to configuration (e.g. always use the unicast method or always use the multicast method.)
This contribution focuses on the issue (F) Service Continuity.
The service continuity in the group communication is threatened in case of the PTP and PTM conversion. This situation can be categorized as follows:
Table 1-1: Categorization of the PTP and PTM conversion
	
	PTM → PTP
	PTP → PTM

	Mobility
	Case i
	Case ii

	Resource efficiency
	Case iii
	Case iv


In Cases ii, iii, and iv, it can be assumed that the UE’s current cell (Cases iii and iv) or target cell (Case ii) is in the MBMS Service Area. By maintaining the bearer used for the group communication (unicast bearer in Cases ii and iv and MBMS bearer in Case iii) before the new bearer for the group communication (MBMS bearer in Cases ii and iv and unicast bearer in Case iii), the service continuity may be accomplished.
On the other hand, it is not likely that the target cell is in the same MBMS Service Area to the source cell in Case i. Since the MBMS bearer used for the group communication cannot be maintained, the interruption in the service continuity is foreseen. This contribution focuses on the most severe case, i.e. Case i.
In addition, the group communication data can be generally categorized into:
· DL GC user data;

· UL GC user data;

· DL GC control data; and
· UL GC control data.
Since it is assumed that the DL GC user data is subject to PTP and PTM conversion, treatment of the DL GC user data is the main concern of this contribution. In detail, it is assumed that as the UE receives the DL GC user data via the multicast path, the unicast bearer for DL GC user may be either maintained or deactivated. Table 1-2 shows an example for each case.
Table 1-2: List of bearers as an example
	
	PTM
	PTP

	Unicast bearer for DL GC user data maintained
	Multicast bearer:

1. DL GC user data
Unicast bearer:

1. DL GC user data (dormant)
2. DL/UL GC control data

3. UL GC user data
	Unicast bearer:

1. DL GC user data 

2. DL/UL GC control data

3. UL GC user data

	Unicast bearer for DL GC user data deactivated
	Multicast bearer:

1. DL GC user data
Unicast bearer:

1. DL/UL GC control data

2. UL GC user data
	Unicast bearer:

1. DL GC user data 

2. DL/UL GC control data

3. UL GC user data


In case the unicast bearer for DL GC user data is maintained even if the UE receives the DL GC user data via the multicast bearer, it is foreseen that radio resource might not be used in a most efficient fashion since there is an unused bearer established, i.e. the unicast bearer for the DL GC user data. In order to prevent inefficient radio resource usage, the eNB may employ appropriate resource allocation schemes. On the other hand, it is generally predicted that maintaining the unicast bearer for the DL GC user data is advantageous in terms of service continuity because the dormant unicast bearer can be used without necessity to establish a new unicast bearer.
2 Proposed Text

6.X
Solution X – Group communications with early E-RAB establishment
6.X.1
Functional description
The solution aims at removing and/or reducing interruptions in the service continuity while moving out of the MBMS Service Area. These are the salient features of the solution:
· The source eNB decides to let the target eNB receive the E-RAB context related to the MBMS E-RAB if the UE has indicated its interest on the MBMS E-RAB and the target cell is not in the same MBMS Service Area;
· During handover preparation, the MME (in case of S1-based handover) or the source eNB (in case of X2-based handover) includes, in the “E-RABs to be setup list,” the context of the E-RAB for the DL GC user data delivery;
· The E-RAB for the DL GC user data delivery whose context is included in the “E-RABs to be setup list” is newly established by the MME (in case of S1-based handover) or the source eNB (in case of X2-based handover) if there is no E-RAB for the DL GC user data before handover. The corresponding S5/S8 bearer is established during handover completion;
· The period during which the DL GC user data are forwarded from the source eNB to the target eNB may be decided by the source eNB. The period may be determined by e.g. the timestamp in the SYNC protocol, estimated backhaul transmission delay;
· Alternatively, the GCSE-AS may send the packet(s) with End Marker via the PTM path. The packet(s) may further contain the ECGI of the source cell and the UE ID;
· The idle mode UE located at the edge of the MBMS Service Area may choose to convert to the connected mode by receiving the edge indicator or inspecting measurement results; and
· The GCSE-AS may send keep-alive packets to keep the UE connected while the UE is located at the edge of the MBMS Service Area.
6.X.2
Procedures

6.X.2.1
Moving out of the MBMS Service Area: Connected UEs
The concerned UE is receiving the DL GC user data via the MBMS E-RAB within the MBMS Service Area and is moving out of the MBMS Service Area.
6.X.2.1.1
Unicast bearer for the DL GC user data maintained in the MBMS Service Area
Figure 6.X.2.1.1-1 shows the overall procedure. Before handover, the list of bearers related to the UE in the source eNB (eNB1) includes:
· MBMS E-RAB for the DL GC user data;

· E-RAB for the DL GC user data (dormant);
· E-RAB for the UL GC user data; and
· E-RAB for the DL and UL GC control data.
After handover, the list of bearers related to the UE in the target eNB (eNB2) includes:
· E-RAB for the DL GC user data;

· E-RAB for the UL GC user data; and

· E-RAB for the DL and UL GC control data.
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Figure 6.X.2.1.1-1: Handover procedure when moving out of the MBMS Service Area with the established unicast bearer for the DL GC user data
1. The MBMS session is established within an MBMS bearer service. MCCH-related information and MBMS E-RAB QoS parameters are provided to the eNB1 in the MBMS Service Area.

2. RAN resource is set based on e.g. the MCCH-related information. The E-RAB for the DL GC user data goes dormant.
3. The DL GC user data are delivered via the MBMS E-RAB.

4. Meanwhile, the UL GC user data and UL/DL GC control data are delivered via the unicast bearers.

5. The UE may indicate to the eNB1 that it is receiving/interested in receiving the MBMS session by sending the MBMSInterestIndication message. Or, eNB1 may be aware of the UE’s interest on the MBMS session via the MBMSCountingResponse message.

6. eNB1 decides that handover to eNB2 is needed.

7. Handover preparation is performed.

8. The UE receives the RRCConnectionReconfiguration message.

9. The GC user and control data may be forwarded to eNB2. Especially, the DL GC user data received from the MBMS E-RAB is delivered to the data forwarding path for the E-RAB for the DL GC user data that used to be dormant. Optionally eNB1 may have configured period during which it forwards the DL GC user data receiving via the MBMS E-RAB.

10. The UE sends the RRCConnectionReconfigurationComplete message.
11. The DL user data and control data forwarded from eNB1 are delivered to the UE.
12. The delivery of the UL GC user data and UL GC control data becomes available.

13. HANDOVER NOTIFY or PATH SWITCH REQUEST message is sent.
14. Bearers including E-RABs for DL GC user data, UL GC user data, and DL/UL GC control data are modified.

15. The PATH SWITCH REQUEST ACKNOWLEDGE message is sent in case of the X2-based handover.

16. The GCES-AS is notified of the cell change via GC1, i.e. the UL GC control data path, or ULI update.

17. Optionally as soon as the GCSE-AS is notified of the cell change, it may send End Marker packet(s) to the PTM path. The End Marker packet may additionally need to contain the ECGI of the source cell and UE ID. Upon the retrieval of the End Marker packets(s), eNB1 forwards the End Marker packet(s) to eNB2 removing the ECGI and UE ID. After forwarding the End Marker packet(s) to eNB2, the data forwarding is ceased.

18. The UE receives the DL GC user data via the unicast bearer.

6.X.2.1.2
Unicast bearer for the DL GC user data deactivated in the MBMS Service Area
Figure 6.X.2.1.2-1 shows the overall procedure. Before handover, the list of bearers related to the UE in the source eNB (eNB1) includes:

· MBMS E-RAB for the DL GC user data;

· E-RAB for the UL GC user data; and

· E-RAB for the DL and UL GC control data.

After handover, the list of bearers related to the UE in the target eNB (eNB2) includes:

· E-RAB for the DL GC user data;

· E-RAB for the UL GC user data; and

· E-RAB for the DL and UL GC control data.
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Figure 6.X.2.1.2-1: Handover procedure when moving out of the MBMS Service Area without an established unicast bearer for the DL GC user data
1. The MBMS session is established within an MBMS bearer service. MCCH-related information and MBMS E-RAB QoS parameters are provided to the eNB1 in the MBMS Service Area.

2. RAN resource is set based on e.g. the MCCH-related information. The E-RAB for the DL GC user data is deactivated.

3. The DL GC user data are delivered via the MBMS E-RAB.

4. Meanwhile, the UL GC user data and UL/DL GC control data are delivered via the unicast bearers.

5. The UE may indicate to the eNB1 that it is receiving/interested in receiving which MBMS session by sending the MBMSInterestIndication message. Or, eNB1 may be aware of the UE’s interest via the MBMSCountingResponse message.
6. eNB1 decides that handover to eNB2 is needed.
7. Handover preparation is performed. In case the target eNB, eNB2 is out of the MBMS Service Area, i.e. is not capable of providing the MBMS sessions and the UE has indicated that it is receiving/interested in receiving the MBMS session, the eNB1 may perform as follows:

· In case of the S1-based handover, the (source) MME adds the MBMS E-RAB context to the E-RABs to be setup list in the HANDOVER REQUEST and/or Forward Relocation Request message(s). In order to trigger that the (source) MME adds the MBMS E-RAB context, eNB1 may send the information regarding the MBMS session, e.g. MBMS Session Identity, TMGI;

· In case of the X2-based handover, eNB1 adds the MBMS E-RAB context to the E-RABs to be setup list in the HANDOVER REQUEST message.
The MBMS E-RAB context may include the E-RAB ID assigned by eNB1, MBMS E-RAB QoS parameters, etc.
The contexts of the MBMS E-RAB and usual E-RAB are not distinguished by eNB2. Let the MBMS E-RAB be called E-RAB*. eNB2 may provide TEID information of E-RABs including E-RAB* for data forwarding.
8. The UE receives the RRCConnectionReconfiguration message. The message contains the DRB context corresponding context of E-RAB*.
9. The GC user and control data may be forwarded to eNB2. Optionally eNB1 may have configured period during which it forwards the DL GC user data receiving via the MBMS E-RAB.
10. The forwarded data is buffered in the eNB2.
11. The UE sends the RRCConnectionReconfigurationComplete message.
12. The delivery of the UL GC user data and UL GC control data becomes available.
13. The GCES-AS is notified of the cell change via GC1, i.e. the UL GC control data path.

14. HANDOVER NOTIFY or PATH SWITCH REQUEST message is sent. In case of the PATH SWITCH REQUEST message, the MME accepts the E-RAB* even if the MME is not aware of it. The MME may consider additional factors while accepting the E-RAB* e.g. that eNB2 is right outside the border of the MBMS Service Area, group communication-related context of the UE (if there is any).
15. Bearers concerning E-RABs except for E-RAB* are modified.
16. The PATH SWITCH REQUEST ACKNOWLEDGE message is sent in case of the X2-based handover.

17. The GCSE-AS, which is notified of the cell change in step 13, triggers activation of S5/S8 bearer concerning E-RAB*. The MME maps the created S5/S8 bearer to the E-RAB*. The Create Bearer Request message may contain information needed for mapping.
18. The MME sends Session Management Request and E-RAB MODIFY REQUEST messages.
19. The RRC connection is reconfigured and the UE replies to the Session Management Request message.
20. Optionally as soon as the new PTM path is created, the GCSE-AS may send End Marker packet(s) to the PTM path. The End Marker packet may additionally need to contain the ECGI of the source cell and UE ID. Upon the retrieval of the End Marker packets(s), eNB1 forwards the End Marker packet(s) to eNB2 removing the ECGI and UE ID. After forwarding the End Marker packet(s) to eNB2, the data forwarding is ceased.
21. The UE receives the DL GC user data via the unicast bearer.
6.X.2.2
Moving out of the MBMS Service Area: Idle UEs
If the idle mode UE is moving out of the MBMS Service Area, it is susceptible to experience a considerable amount of delay; as soon as it realizes that the MBMS Bearer Service is not available anymore, it turns into the connected mode; and e.g. upon the GCSE-AS is informed of the UE’s situation, the unicast bearer may be created/modified; finally the UE becomes able to receive the GC user data via the unicast bearer.
Through the procedure described in Figure 6.X.2.2-1, the UE can be converted to the connected mode if it the eNB indicates that it is located at the edge of the MBMS Service Area via the edge indicator. As the UE has become connected, the service continuity can be maintained even if it is moving out of the MBMS Service Area via the procedure described in subclause 6.X.2.1.
The UE may stay in a cell located at the edge of the MBMS Service Area for a long time. In that case, the UE may experience frequent conversion between the connected and idle modes; as the UE changes its mode to the connected mode, if there is no data delivery via the unicast bearers for a period larger than the period that the user inactivity timer indicates, it goes back to the idle mode again; as the UE receives the edge indicator, it changes its mode to the connected mode again. In order to prevent this inter-mode ping-pong, the GCSE-AS may send keep-alive packets with a proper period.
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Figure 6.X.2.2-1: Handover procedure when moving out of the MBMS Service Area
1. The idle UE is receiving DL GC user data via the MBMS E-RAB.
2. The eNB in the edge of the MBMS Service Area broadcasts that it is located at the edge of the MBMS Service Area via e.g. SIB15. Alternatively, the UE may realize that it is in the edge of the MBMS Service Area by the measurement results.
3. The idle UE may decide to perform e.g. the Service Request procedure and change its mode to the connected mode.

4. Delivery of UL GC user data and UL/DL GC control data via unicast bearers become available.

5. The GCSE-AS is notified of the location of the UE via e.g. PCRF, GC1.

6. As long as the UE is in the edge of the MBMS Service Area, the GCSE-AS may send keep-alive packets with a proper period e.g. with a value a little bit smaller than the value of the user inactivity timer.
6.X.3
Impact on existing entities and interfaces

6.X.3.1
Moving out of the MBMS Service Area: Connected UEs

6.X.3.1.1
Unicast bearer for the DL GC user data maintained in the MBMS Service Area
The UE only has GC1-related impact.

It is expected that the solution impacts the eNB as follows:

· If the UE is moving out of the MBMS Service Area that provides the MBMS E-RAB on which the UE has indicated its interest, i.e. if there is any MBMS E-RAB that cannot be serviced in the target cell that the UE is interested in, the source eNB forwards the data received from the MBMS E-RAB to the target eNB via the data forwarding path for the E-RAB for DL GC user data.
· (Optional) The source eNB forwards data received from the MBMS E-RAB that cannot be serviced in the target cell for a configured period.

· (Optional) If the End Marker packets include the ECGI of the source eNB and UE ID, the source eNB removes them and stops forwarding the MBMS E-RAB packet to the target eNB of the UE.

It is expected that the solution impacts the GCSE-AS as follows:

· (Optional) Immediately after the unicast path for DL GC user data is created, the GCSE-AS sends the End Marker, ECGI, and UE ID.

It is expected that the solution impacts the GTP-U as follows:

· (Optional) The header includes the ECGI and UE ID.

6.X.3.1.2
Unicast bearer for the DL GC user data deactivated in the MBMS Service Area
The UE only has GC1-related impact.
It is expected that the solution impacts the eNB as follows:
· If the UE is moving out of the MBMS Service Area that provides the MBMS E-RAB on which the UE has indicated its interest, i.e. if there is any MBMS E-RAB that cannot be serviced in the target cell that the UE is interested in:

· In case of X2-based handover, the source eNB includes in the HANDOVER REQUEST message the E-RAB context corresponding to the MBMS E-RAB that cannot be serviced in the target cell; and

· In case of S1-based handover, the source eNB provides, via the HANDOVER REQUIRED message, the MME with information that identifies the MBMS E-RAB that cannot be serviced in the target cell, e.g. TMGI, MBMS Session Identity;

· The source eNB forwards data received from the MBMS E-RAB that cannot be serviced in the target cell through the forwarding path for E-RAB which the source eNB itself has included in the HANDOVER REQUEST message in case of X2-based handover or has included the identifier of in the HANDOVER REQUIRED message in case of S1-based handover;

· (Optional) The source eNB forwards data received from the MBMS E-RAB that cannot be serviced in the target cell for a configured period.

· (Optional) If the End Marker packets include the ECGI of the source eNB and UE ID, the source eNB removes them and stops forwarding the MBMS E-RAB packet to the target eNB of the UE.

It is expected that the solution impacts the MME as follows:

· If the HANDOVER REQUIRED message includes information that identifies the MBMS E-RAB, e.g. TMGI, MBMS Session Identity, the MME includes the E-RAB context corresponding to the MBMS E-RAB in the Forward Relocation Request and/or HANDOVER REQUEST message(s).

· If the PATH SWITCH REQUEST includes the context of an unknown E-RAB and the target cell does not support the same MBMS Service Area, the MME accepts the unknown E-RAB.

· The MME maps the created S5/S8 bearer to the E-RAB for DL GC user data delivery.
It is expected that the solution impacts the GCSE-AS as follows:
· Upon notification of the UE’s cell change, the GCSE-AS detects that the UE is moved to an area that does not support the MBMS session that the UE used to be serviced and triggers bearer activation.
· (Optional) Immediately after the unicast path for DL GC user data is created, the GCSE-AS sends the End Marker, ECGI, and UE ID.
It is expected that the solution impacts the GTP-C as follows:
· The Create Bearer Request message includes mapping information for the MME.
It is expected that the solution impacts the GTP-U as follows:

· (Optional) The header includes the ECGI and UE ID.
6.X.3.2
Moving out of the MBMS Service Area: Idle UEs

It is expected that the solution impacts the UE as follows:
· (Optional) If the UE receives the MBMS Service Area edge indicator, it may consider to perform the Service Request procedure.

· (Optional) As the measurement results imply that it is located at the MBMS Service Area edge, it may consider to perform the Service Request procedure.
It is expected that the solution impacts the eNB as follows:
· (Optional) The eNB in the edge of the MBMS Service Area broadcasts the edge indicator.
It is expected that the solution impacts the GCSE-AS as follows:
· As the GCSE-AS gets aware of that the UE is in the edge of the MBMS Service Area, it sends keep-alive packets.
6.X.4
Solution evaluation

Editor's Note: The fulfilment of requirements in clause 4.2 needs will be evaluated.
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