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1 Introduction

At RAN#61, the new Study Item proposal on “Group Communication for LTE” [1] was approved resulting from the Work Item on “Group Communication System Enablers for LTE” in SA groups. One important aspect for the public safety requirements in the GCSE WI is service continuity.
At RAN2#84, the following agreement was made when it can no longer receive the MBMS service, e.g. when it moves out of the MBMS service area [2].
	Agreements
6
We assume that the UE requests the service via unicast if it does no longer receive a service via MBMS, i.e., the delivery via unicast is not triggered by the eNB. 

FFS: In the case where the UE moves out of MBSFN area a standardized trigger will be defined upon which the UE starts requesting data via unicast. 

FFS whether in the case where the NW decides to stop MBMS delivery, it should inform the UE before stopping the service.




In this contribution we introduce scenarios that are relevant for service continuity, such as the open issues addressed at RAN2#84. Then we consider possible solutions to tackle potential problems.

2 Scenario description
In this section we introduce different possible scenarios relevant for service continuity and the current situation in these scenarios. 
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Figure 1: Relationship between MBMS area types.
As depicted in Figure 1, a specific MBMS service may, e.g., be provided in MBMS Service Area A. The cells that belong to an MBMS Service Area are identified by one or more MBMS Service Area Identities (SAI), and the MBMS SAIs may consist of one or more MBSFN areas. Each of the MBSFN areas can be operated on the same or even different frequencies. MBMS SAI information for the serving and also neighboring frequencies are broadcast in SIB15, and MBSFN area information of the serving cell is broadcast in SIB13.
2.1 Scenario 1: Moving within an MBSFN area

Service continuity within the same MBSFN area is already supported by the MBMS enhancements introduced in Rel-11.

2.2 Scenario 2: Moving into an MBSFN area

Switching from unicast to eMBMS reception has been discussed in [2]. The unicast bearer can be released after the eMBMS bearer has been established. We can assume that duplicate packets are handled by the application layer.
2.3 Scenario 3a: Moving out of an MBSFN area into a unicast area
When the UE moves out of an MBSFN area and the UE can no longer receive a service via MBMS, RAN2 agreed at RAN2#84 that the UE will request the service via unicast, see above. However, the service interruption will depend on UE implementation. Some UEs may request the MBMS service via unicast after they have moved to the non-MBSFN area. The average delay for switching from MBMS to unicast is around 500 ms according to [3]. If the UE is in the MBSFN area border and the MBSFN signal becomes too weak, the UE interruption might be even longer. Therefore, some UEs may already request the MBMS service via unicast when the signal becomes weak at the MBSFN area border. This UE implementation specific behavior could however lead to uncontrolled switching from MBMS to unicast even within the MBSFN area.
As stated in [2], a UE might still be able to receive the MBSFN signal even when it has already moved out of the MBSFN area. This would reduce the interruption time when switching from MBMS to unicast.

2.4 Scenario 3b: Moving out of an MBSFN area into an MBSFN area not providing the MBMS service of interest
If the UE moves from one MBSFN area into another MBSFN area, which does not provide the MBMS service of interest, the interruption time might be longer. The UE would first read relevant system information and then all MCCHs to find out that the MBMS service of interest is not provided and after that, it has to request the MBMS service via unicast. Thus, MCCH reading delay would be added on top.
2.5 Scenario 4: Moving between MBSFN areas providing the same MBMS service
Service continuity between MBSFN areas providing the same MBMS service may not necessarily be guaranteed for several reasons:

· The MBMS service could be controlled by different BM-SCs

· Session start in the MBSFN areas could be at slightly different times depending, e.g., on the MCCH position
· The MCHs for MBMS service transmission have different start times and subframe configurations

Thus, identical MBMS data packets may not be transmitted at the same time.

When the UE moves between different MBSFN areas providing the same MBMS service, these (neighboring) MBSFN areas may be overlapping or non-overlapping as illustrated in Figure 2 and Figure 3. In any case, whenever the MBMS signal strength becomes weak, the UE may derive that it is either at the border of an MBSFN area or simply in a coverage hole. It may check the MBMS service area identity (SAI) broadcast in SIB15 to find out whether the same service is also provided on intra- or inter-frequency neighboring cells and thereafter take appropriate actions. 
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Figure 2: Mobility between non-overlapping MBSFN areas
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Figure 3: Mobility between overlapping MBSFN areas on same frequency
Further details are provided for scenarios where the MBSFN areas are on the same frequency or on different frequencies.

2.5.1 Scenario 4a: Moving between MBSFN areas on the same frequency 
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Figure 4: Mobility between non-overlapping intra-frequency MBSFN areas 
In non-overlapping MBSFN areas, as illustrated in Figure 4, the UE would move out of MBSFN area #1 where it has been receiving the MBMS service into MBSFN area #2. MBSFN area #2 might also be part of SAI1 or SAI2, both belonging to the same MBMS Service Area. After successful handover, as summarized in Table 4 in the annex, the UE would have to read all relevant system information, and then MCCH2 where it would detect that the same MBMS service is provided. Based on the MBMS SAI on intra- and inter-frequency neighbor cells provided in SIB15, the UE may know in advance that the same MBMS service is available in neighboring cells, but cannot receive from the neighboring MBSFN area, i.e. MBSFN area #2, before the handover procedure and control information acquisition has been finished.  In addition to the delay caused by reading of system and control information, additional interruption can be caused if the new MBSFN area, i.e. MBSFN area #2, sends the packets ahead of the previous MBSFN area, i.e. MBSFN area #1. With non-overlapping areas the signal in the border cells of an MBSFN area may be rather weak.

In case of overlapping MBSFN areas, as illustrated in Figure 3,  the UE could in principle receive the MBMS service in both MBSFN areas in parallel in a similar way as receiving unicast and broadcast data of the same MBMS service in parallel. However, this is not the expected UE behavior, specifically because the UE is only required to support reception of one single MBMS bearer. Typically, a UE would only try to receive the same MBMS service in another MBSFN area when the current MBMS reception has degraded. When exactly the UE would check for the same MBMS service in another MBSFN area is currently up to UE implementation. Thus, the UE may search for the same MBMS service when it has already moved out of the MBSFN area where it has been receiving the MBMS service. Unless the UE starts the MBMS service reception in the other MBSFN area already in cells belonging to both MBSFN areas, this would be similar as having two non-overlapping MBSFN areas with the difference that the MBMS signal is rather strong because the UE would not be at the border of the MBSFN area.

2.5.2 Scenario 4b: Moving between MBSFN areas on different frequencies 


[image: image5]
Figure 5: Mobility between non-overlapping MBSFN areas on different frequencies
For non-overlapping inter-frequency MBSFN areas as illustrated in Figure 5, the UE may derive from the MBMS signal strength that it has arrived at the border area. In such a case, it may check for other MBMS SAIs in SIB15 for the same MBMS service and detect that the service is also provided on f2 (derived e.g. from SAI2). As described in [4], the UE would move or be moved from cell 1a to cell 1b, both on f1, and afterwards, move to the inter-frequency neighbor cell, cell 2b. This can be improved by moving the UE directly from cell 1a to cell 2b by using the information in SIB15. The UE may influence the network’s inter-frequency measurement configuration by sending the MBMS interest indication containing the other MBMS frequency when the MBMS signal on the current frequency is weak, such that the UE would move or be moved directly from cell 1a to cell 2b. However, the UE may be moved too early, i.e. an inter-frequency handover might be triggered from cell 1a to cell 2a, i.e. before the UE is within the inter-frequency MBSFN area resulting in an MBMS service interruption.
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Figure 6: Mobility between overlapping MBSFN areas on different frequencies
For overlapping inter-frequency MBSFN areas, the MBMS service interruption described by inter-frequency handovers that have been triggered too early or too late can be reduced. The UE may be moved to the other MBMS frequency whenever the signal in the current MBSFN area becomes too weak. Thus, the delay is only caused by control information acquisition and the different session start times in different MBSFN areas. 
2.6 Scenario 5: Activation and deactivation of an MBMS service

Based on the number of interested users an MBMS service can be activated, e.g., based on counting results.

2.6.1 Scenario 5a: Activating a service in an MBSFN area

When the network decides to activate a service via MBMS in an MBSFN area, this corresponds to scenario 2 when the UE moves into an MBSFN area, i.e. the UE can continue MBMS reception until the unicast bearer has been established.
2.6.2 Scenario 5b: Deactivating a service in an MBSFN area

When an MBMS service is deactivated, the service will be removed from the service list on MCCH. After detecting that the service is no more available, the UE requests the service via unicast. According to [2], this would cause an average delay of 200 ms for UEs in idle mode. 

2.7 Summary of interruption time in the above scenarios
The expected interruption times are captured in the following table. More detailed information can be found in the annex.
Table 1: MBMS service interruption for different scenarios
	Scenario
	Scenario description 
	MBMS service interruption time

	Scenario 1
	Mobility within the same MBSFN area
	No interruption

	Scenario 2
	unicast area -> MBSFN area
	No interruption
Unicast bearer is maintained until the UE is ready for MBMS reception

	Scenario 3 
	a) MBSFN area -> unicast area 
(Table 5)
b) MBSFN area -> MBSFN area not providing the same service (Table 6)
	Idle mode: 335 ms 
Connected mode: 115 ms
Idle mode: 475 ms
Connected mode: 275 ms

	Scenario 4
	MBSFN area -> another MBSFN area with same service

a) MBSFN areas on same frequency 
(Table 8)
b) MBSFN areas on different frequencies
(Table 9, Table 10)
	a) interruption caused by weak MBMS signal plus  360 - 480 ms
b) interruption caused by weak MBMS signal plus  620 - 1480 ms

	Scenario 5
	MBMS service activation/deactivation in MBSFN area
a) activation

b) deactivation (Table 11)
	a) No interruption
b) Idle mode: 195 ms
Connected mode: 115 ms


Observation 1 The service interruption times when switching from broadcast to unicast can be reduced by triggering the unicast bearer setup earlier.
Observation 2 Even in overlapping MBSFN areas providing the same MBMS service the interruption time is not necessarily lower than in non-overlapping MBSFN areas without any enhancements.
Proposal 1 Capture the service interruption times for the 5 scenarios in TR 36.868 and let SA2 decide whether they are acceptable or not.

2.8 More detailed discussion

At RAN1#75, RAN1 agreed on three new MBSFN radio measurements, MBSFN Reference Signal Received Power (MBSFN RSRP), MBSFN Reference Signal Received Quality (MBSFN RSRQ), and Multicast Channel Block Error Rate (MCH BLER) for 3GPP TS 36.214 [4].It is possible to reuse these MBSFN measurements to decide when the MBMS signal becomes too weak, in order to switch from broadcast to unicast as proposed in [5], or switch from MBMS reception from one MBSFN area to MBMS reception from a neighboring MBSFN area.

In the following, we will discuss the advantages and drawbacks of a standardized trigger, whether further network assistance information is useful or whether to keep the switching decision up to UE implementation.
2.8.1 Assistance information
Enhancements for service deactivation: 
The switching delay from MBMS to unicast could be easily reduced by informing the UE in advance such that it could request the unicast bearer before the MBMS service is deactivated, e.g. by setting a bit for the MBMS service in MCCH or by using a special value in the MCH scheduling information (MSI). 

Standardized trigger to help the UE when to switch from broadcast to unicast

In order to avoid that a UE that is receiving an MBMS service and moves out of an area requests the MBMS service via unicast when it can no longer receive the MBMS service, it is advantageous to inform the UE in advance that it is at an MBSFN area border (this can be implicit by sending the MBMS PHY threshold) to abandon or at least minimize the interruption time. 
A standardized trigger as described in [6] can potentially be introduced in SIB15 per MBMS SAI, in SIB13 per MBSFN area or on MCCH for the MBSFN area or alternatively per MBMS service. However, broadcasting the standardized trigger on MCCH will not make it possible to explicitly identify border cells of an MBSFN area because MCCH is broadcast in MBSFN mode.

Advantages of a standardized trigger restricted to MBSFN area borders by sending on cell-specific SIBs are: 

· Similar quality / interruption times for different UEs
· Avoid that UEs in coverage holes request a dedicated bearer
Drawbacks of trigger at MBSFN area border: 

This solution only works nicely when the UE moves into a unicast area or MBSFN area which does not provide the same MBMS service. When the UE moves within the same MBMS Service Area, the UE might unnecessarily setup a unicast bearer while moving between MBSFN areas providing the same MBMS service. This would cause unnecessary load.
Overlapping MBSFN areas: 
Indicate MBSFN area borders and that the UE should switch to another MBSFN area before it has left the previous MBSFN area completely. 

Open issues:

Should UE be able to receive the same service from two MBSFN areas of the same frequency to minimize interruption time? This should be similar as receiving simultaneously on an MBMS bearer and a unicast bearer. However, more complexity is required for reception of the same (and different) MBMS service(s) on different frequencies.

Challenges:
Since the network does not know, which MBMS service(s) the UE is receiving and in which SAIs these MBMS services are provided, providing MBMS service continuity between MBSFN areas is challenging. Consequently, if a cell belongs to very few MBMS SAIs and two MBSFN areas on the same frequency belong to the same MBMS SAI, service continuity can be achieved more easily. It is very difficult to provide assistance to the UE to which MBSFN area or MBMS frequency the UE should start listening because the network does not have sufficient information about the detailed UE interest. 
As for SIB15 content in general, this information should be useful for both connected mode UEs, where the network may know where the UE is moving based on radio measurements, as well as idle mode UEs.

If the UE knows, based on enhanced SIB13 or SIB15, that it is at an MBSFN area border, it can start checking for alternative reception possibilities in MBSFN areas of the same frequency or even different frequencies by comparing the broadcast MBMS SAI values with the MBMS SAI values provided in the User Service Description (USD). 
More detailed information to indicate which cells belong to the same MBMS Service Area increase the signaling overhead between the eNBs and also the broadcasting overhead in, e.g., SIB15 and is therefore not further discussed now.
2.8.2 UE controlled switching
Without any network assistance, the possibilities for the UE are limited.
Advantages: 

· No standardization effort

· Less overhead for SIB transmission

Drawbacks: 

· Different interruption times leading to different end user perception
· Higher UE complexity because the UE has no knowledge of whether it is in a  coverage hole or at an MBSFN area border

2.8.3 Solution proposal

As there is more potential to improve service continuity performance with network assistance, we propose the following:
Proposal 2 Agree that further network assistance information, e.g. a standardized trigger, could be introduced to improve service continuity from an MBSFN area to a unicast area or another MBSFN area.

3 Conclusion

In section 2, we derived interruption times for different scenarios relevant for MBMS service continuity in the GCSE context. With the analysis for these scenarios, we made the following observations:
Observation 1
The service interruption times when switching from broadcast to unicast can be reduced by triggering the unicast bearer setup earlier.
Observation 2
Even in overlapping MBSFN areas providing the same service the interruption time is not necessarily lower than in non-overlapping MBSFN areas without any enhancements.


Furthermore, based on the discussion in section 2 we propose the following:
Proposal 1
Capture the service interruption times for the 5 scenarios in TR 36.868 and let SA2 decide whether they are acceptable or not.
Proposal 2
Agree that further network assistance information, e.g. a standardized trigger, could be introduced to improve service continuity from an MBSFN area to a unicast area or another MBSFN area.


4 Annex A

Table 2: Time to identify whether reselected/target cell is providing MBMS or not (presence of SIB13); 
additional delay for UEs in IDLE mode
	Component
	Time 
	Comments

	MIB reading delay 
	40 ms
0 ms
	This is provided to UE during handover in the MobilityControlInfo IE

	SIB1 reading delay 
	10 ms
	Check if SIB13 is scheduled

	Total delay
	80 ms  120 ms
	Connected mode

Idle mode


Table 2: Unicast bearer setup delay in IDLE mode [3]
	Component
	Time
	Comments

	State transition delay from RRC_IDLE to RRC_CONNECTED
	80 ms
	Section B.1.1.1 of TR 36.912

	Dedicated bearer for VoIP establishment
	115 ms
	Section 5.1.1.1 of TR 36.868

	Total delay
	115 ms  195 ms
	Connected mode

Idle mode


Table 4: The total time required to identify the service is not provided over eMBMS in MBMS cell [3]
	Component
	Time 
	Comments

	Acquisition of MCCH configuration
	10 ms
	Processing delay at the UE

	Average delay due to MCCH scheduling period
	160 ms
	For MCCH repetition period of rf32. 

	Acquisition of MCCH and MTCH configuration for TMGI 
	10 ms
	Processing delay at the UE



	Average time required if acquisition of multiple MCCHs is required.
	50 ms
	Maximum MCCH offset value is 10 radio frames. It is assumed that the reading of multiple MCCH is performed in parallel

	Total delay
	230 ms
	


Table 5: Service interruption time for scenario 3a: MBSFN area -> unicast area (IDLE) [4]
	Component
	Time
	Comments

	MIB reading delay in cell 1b
	40 ms
	

	SIB1 reading delay in cell 1b
	10 ms
	Detect that SIB13 is not available

	State transition delay from RRC_IDLE to RRC_CONNECTED
	80 ms
	Section B.1.1.1 of TR 36.912

	Dedicated bearer for VoIP establishment
	115 ms
	Section 5.1.1.1 of TR 36.868

	Total delay
	195 ms  
335 ms
	Connected mode

Idle mode


Table 6: Service interruption time for scenario 3b (new MBSFN area not providing the same service);
additional delay for UEs in IDLE mode [3]
	Component
	Time 
	Comments

	MIB reading delay in cell 1b
	40 ms
	

	SIB1 reading delay in cell 1b
	10 ms
	Check SIB2, SIB13/15 schedule

	SIB2, SIB13 and SIB15 reading delay in cell 1b
	160 ms
	Assuming SIB13/15 scheduling periodicity is 320ms, and SIB2 scheduling periodicity is shorter.

	State transition delay from RRC_IDLE to RRC_CONNECTED
	80 ms
	Section B.1.1.1 of TR 36.912

	Dedicated bearer for VoIP establishment
	115 ms
	Section 5.1.1.1 of TR 36.868

	Total delay
	285 ms
405 ms
	Connected mode
Idle mode


Table 7: Delay after handover or cell reselection to another MBSFN area providing same service [3]
	Component
	Time 
	Comments

	SIB2, SIB13 and SIB15 reading delay on new MBMS cell
	160 ms
	Assuming SIB13/15 scheduling periodicity is 320ms, and SIB2 scheduling periodicity is shorter

	MCCH reading delay on new MBMS cell
	160 ms
	Assuming MCCH repetition periodicity is 320 ms

	MSI reading delay
	40 ms
	Assuming MSP = 80 ms

	Total delay
	360 ms
	


Table 8: Service interruption time for scenario 4a (MBSFN areas on the same frequencies); 
additional delay for UEs in IDLE mode [3]
	Component
	Time 
	Comments

	MIB reading delay on new MBMS cell
	40 ms
	

	SIB1 reading delay on new MBMS cell
	10 ms
	Check SIB schedule

	SIB, MCCH, MSI reading
	360 ms
	See Table 7

	Total delay
	370 ms  410 ms
	Connected mode
Idle mode


Table 9: Service interruption time for scenario 4b (MBSFN areas on different frequencies); 
UEs in IDLE mode [3]
	Component
	Time 
	Comments

	Cell reselection delay from cell 1b (f1) to cell 2b (f2)
	1000 ms
	UE stays at least 1 second in cell 1b before reselecting to cell 2b

	MIB, SIB, MCCH, MSI reading
	480 ms
	See Table 8

	Total delay
	1480 ms
	


Table 10: Service interruption time for scenario 4b (MBSFN areas on different frequencies); 
UEs in CONNECTED mode [3]
	Component
	Time 
	Comments

	Handover from cell 1a (f1) to 1b (f1)
	
	

	SIB1 reading delay in cell 1b
	10 ms
	Check SIB schedule

	SIB2, SIB13 and SIB15 reading delay in cell 1b
	160 ms
	Assuming SIB13/15 scheduling periodicity is 320ms, and SIB2 scheduling periodicity is shorter.

	UE finds out that service is not available
	230 ms
	See Table 4

	UE sends MBMS interest indication

eNB send HO command
	25 ms
	1 ms for scheduling request
3 ms eNB decoding 
1 ms eNB sends scheduling grant

1 ms UE sends interest indication

3 ms eNB processing

1 ms eNB sends HO command

15 ms UE processing delay
* it is assumed that inter-frequency measurement results were available

	Inter-frequency handover from cell 1b to 2b
	20 ms
	UE processing time required to execute the handover including radio layer processing 
(inter-frequency measurements were performed, no cell search needed)

Section 13.6.2 of TR 25.912

Section 5.1.2.1.2 of TS 36.133

	Random access procedure in cell 2b
	14.5 ms
	Random access procedure

UE sends HO complete message

Section B1.2.1.2 of TR 36.912

Section 13.6.2 of TR 25.912

	SIB2/13/15, MCCH, MSI reading
	160 ms
	See Table 7

	Total delay
	619.5 ms
	


Table 11: Service interruption time for MBMS service deactivation; 
UEs in CONNECTED mode [3]
	Component
	Time 
	Comments

	MCCH reading (service is no more listed)
	10 ms
	Processing delay in the UE

	State transition delay from RRC_IDLE to RRC_CONNECTED
	80 ms
	Section B.1.1.1 of TR 36.912

	Dedicated bearer for VoIP establishment
	115 ms
	Section 5.1.1.1 of TR 36.868

	Total delay
	115 ms  195 ms
	Connected mode

Idle mode
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