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1 Discussion
Group communication over eMBMS has three service continuity scenarios.

Scenario 1: BC (broadcast, i.e. eMBMS) to UC (unicast, i.e. EPS bearer)
When UE is moving out of eMBMS coverage of the serving TMGI, UE needs to be switched to unicast to continue the group communication.

Scenario 2: BC to BC

Scenario 3: UC to BC 
This paper analyses the solutions for scenario 1.
2 Solutions
SA2 has identified an UE based candidate solution for BC to UC service continuity in section 6.1.2.2.2 of TR23.768 [2], as show below in figure 1.
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Figure 1: Service continuity when moving out from eMBMS coverage (Make-Before-Break)

The following steps are performed:

· In Step 1 the group call is on-going. The UE receives the GC service data/media from the content provider (GCSE-AS) via an eMBMS bearer service.

· In Step 2, for make-before-break switching procedures, the UE detects that it is about to move out from the eMBMS coverage through the following implementation-specific methods (but not limited to):

· The UE detects that MBSFN signal strength becomes weak; 

· The UE detects that packet data loss rate is increased. 
· In Step 3, If the UE is in idle state, the UE enters connected state by performs RRC connection procedures with eNB1.

· In Step 4, the UE indicates the GCSE-AS that it is moved out from the eMBMS coverage through application signalling. 

· In Step 5, the GSCE-AS sends ack to the UE through application signalling.

· In Step 6, the UE receives the GC service data/media from the content provider (GCSE-AS) via the unicast bearer through eNB1.

· In Step 8, the UE is handoff from eNB1 to eNB2.
· In Step 9, the UE receives the GC service data/media from the content provider (GCSE-AS) via the unicast bearer through eNB2.

· In Step 10, the UE stops receiving current MTCH and continues receiving SIBs.
The solution generally assumes the step 2 is up to UE implementation. For example, the UE can determine MBSFN RSRP/RSRQ/SINR thresholds based on MCS configuration indicated in MCCH to initiate procedures.  
Proposal 1: The UE based BC to UC switching solution can act as baseline and can be used on legacy UE/network.

To further improve the service continuity performance, some optimizations can be performed. 
2.1 Assistance information
eNB has more information on the coverage of the MBSFN and the cells. So, the eNB may provide some assistance information to UE for UE to make more accurate decision on BC to UC switching. The assistance information also provides a method for operator to control/affect the switching.
The network can send following threshold parameters to UE as assistance information for the switching:

a. MBSFN RSRP/RSRQ/SINR/BLER threshold or MCS (modulation coding scheme) for switching preparation
When MBSFN RSRP/RSRQ/SINR/BLER is lower than this threshold, the UE enters RRC CONNECTED state (as show in step 3 of figure 1) if it is in IDLE.

b. MBSFN RSRP/RSRQ/SINR/BLER threshold for UE to initiate BC-UC switching

If the MBSFN RSRP/RSRQ further drops to be lower than this threshold or BLER is higher than the threshold, UE sends indication to the anchor node, e.g. GCSE AS (as show in step 4 of figure 1) requesting media delivery over unicast.
The MBSFN RSRP/RSRQ/SINR threshold for b is normally lowered than the threshold for a (or BLER for b is normally higher than the threshold for a), which provides some protection time for UE to perform switching while avoiding ping-ponging between UC and BC. The threshold can be either per MBSFN or per cell or per PMCH based. The per PMCH thresholds are similar to current MCS configuration which is per PMCH based.
The MCE can determine MBSFN RSRP/RSRQ/SINR/BLER thresholds and send them to all eNBs in MBSFN area and eNBs will send it to the UE. The thresholds can be sent over MCCH, SIB, or RRC dedicated signalling. eNB may change the threshold per its local coverage status.(Note: Assuming either UE or network can have a mapping table of SNR and MCS if MCS is used to indicate threshold to the UE.)
Proposal 2: MCE/eNB may send MBSFN RSRP/RSRQ/SINR/BLER threshold to UE as assistance information for switching preparation

Proposal 3: MCE/eNB may send MBSFN RSRP/RSRQ/SINR/BLER threshold to UE as assistance information for UE to make BC to UC switching decision
2.2 BC to UC switching decision at eNB
In the baseline solution, switching decision is made by UE. eNB is supposed to have more information for switching decision, e.g.:

· Counting result

· Measurement reports of MBSFN and/or unicast
· MBSFN coverage area information

Figure 2 shows the BC to UE switching controlled or assisted by eNB, i.e. eNB informs UE to initiate the BC-UC switching.
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Figure  2 Service continuity when moving out from eMBMS coverage (Make-Before-Break, Network Based Solution 1, UE Assisted Network based solution)
The following steps are performed:

· In Step 1 the group call is on-going. The UE receives the GC service data/media from the content provider (GCSE-AS) via an eMBMS bearer service.

· In Step 2, based on eNB indicated the threshold or UE configured threshold, the UE detects that it is about to move out from the eMBMS coverage through the following implementation-specific methods (but not limited to):

· The UE detects that MBSFN signal strength becomes weak, e.g. lower than the network provided and/or UE determined threshold; 

· The UE detects that packet data loss rate is increased. 

· In Step 3, If the UE is in idle state, the UE enters connected state by performs RRC connection procedures with eNB1. In addition, the UE in idle state may enter connected state due to MBSFN measurement result reporting, counting response, MBMS interest indication (so that the network can control the mobility), and paging response.
· In Step 4: The UE may autonomously send report which may include MII, Counting Response, MBSFN or unicast measurement report. Alternatively the network can trigger UE to send counting response, MBSFN or unicast measurement report based on MII received from the UE. Third alternative is to have network to trigger UE to send MII, Counting Response, MBSFN or unicast measurement by sending a request once eNB detects that the UE has entered connected state. 

· In Step 5: The eNB determines that the UE should switch to UC based on UE’s report, for example, the eNB detects the UE is on the MBSFN boundary. 

· In Step 6: The eNB indicates the UE to use unicast channel for the service.

· In Step 7, the UE indicates the GCSE-AS that it is moved out from the eMBMS coverage through application signalling. 

· In Step 8, the GSCE-AS sends ack to the UE through application signalling.

· In Step 9, the UE receives the GC service data/media from the content provider (GCSE-AS) via the unicast bearer through eNB1.

· In Step 10, the UE is handoff from eNB1 to eNB2.
· In Step 11, the UE receives the GC service data/media from the content provider (GCSE-AS) via the unicast bearer through eNB2.

· In Step 12, the UE stops receiving current MTCH and continues receiving SIBs.
Proposal 4: eNB may send indication/command for UE to switch from BC to UE.

3 Conclusion & summary

Proposal 1: The UE based BC to UC switching solution can act as baseline and can be used on legacy UE/network.

To further improve the service continuity performance, below optimizations can be performed.
Proposal 2: MCE/eNB may send MBSFN RSRP/RSRQ/SINR/BLER threshold to UE as assistance information for switching preparation

Proposal 3: MCE/eNB may send MBSFN RSRP/RSRQ/SINR/BLER threshold to UE as assistance information for UE to make BC to UC switching decision

Proposal 4: eNB may send indication/command for UE to switch from BC to UE.
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4. UE indicates to the GCSE AS that it is moved out from the MBMS coverage
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7. UE indicates to the GCSE AS that it is moved out from the MBMS coverage
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