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1
Introduction
Based on [1] RAN2#58 reached a conclusion on the transmission modes available for MBMS, incorporated in [2].  The remaining set of MBMS transmission modes still span quite a number of different service continuity scenarios. In [4], we discuss the scenarios, where optimised service continuity targeting seamless or lossless continuity is needed. A summary of those scenarios is listed below.
1. inter-frequency dedicated carrier multi cell <-> dedicated carrier multi cell
2. inter-frequency shared carrier multi cell <-> shared carrier single cell
3. inter-frequency shared carrier single cell <-> shared carrier single cell

4. intra-frequency shared carrier single cell <-> shared carrier single cell

5. inter-frequency dedicated multi cell <-> mixed carrier single-cell

On the other hand, RAN2#58 has also reached the conclusion on UE reception states RRC_IDLE, MBMS_RRC_CONNECTED, RRC_CONNECTED. As discussed in [5], UE reception states are relevant to the various capabilities such as availability of uplink feedback channel, availability of security context. However, he exact mapping between deployment scenarios (dedicated/mixed carrier, single cell/multi-cell transmission) and supported UE reception state is still FFS.

One approach here is to develop service continuity procedure for each scenario separately. Since UEs have different capabilities in different scenarios, this will probably result in different procedures finally. As a result, it will create a lot of redundancy in the specification. In this contribution, we take following approach. First, we specify a service continuity procedure common for all scenarios. Then, we discuss various techniques to optimize service continuity. Finally, we analyze the feasibility to utilize these techniques in those service continuity scenarios that require seamless and lossless mobility.
2
Baseline Service Continuity Procedure
We first need to agree on the system assumption when designing a baseline service continuity procedure applicable for all scenarios. In Figure 1, we show the proposed E-MBMS architecture from [6]. The following assumptions regarding the system and UE are made when specifying the default procedure. 
Proposal 1: System Assumptions in developing baseline service continuity procedure: 

1. LTE MBMS U-Plane: eNBs not transmitting may leave the user-plane multicast group.

2. LTE MBMS C-Plane: C-plane signalling is sent to all eNBs in maximum MBSFN..

3. Only RRC_IDLE state is supported
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Figure 1: Proposed E-MBMS Architecture

Then, we propose following design principles when considering LTE MBMS service continuity.

Proposal 2 : Design principles in developing the baseline service continuity procedure :

1 : Maximize similarity between solutions for (1) shared and dedicated carrier, (2) multi-cell and single cell transmission.

2 : Minimize core network involvement.

Following these design principles, we propose the following baseline service continuity procedure. 
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Figure 2: Baseline service continuity procedure for LTE MBMS
Below is a more detailed description of the baseline service continuity procedure:

0
All eNBs in maximum MBSFN established connection with MB-SE to receives c-plane signalling.

1. UE detects poor reception quality (link is broken) in current serving cell/MBSFN. This triggers UE to search for new cells/MBSFNs. 

3
UE detaches from current serving cell and synchronizes the new cell. 

4
UE reads scheduling information of the same service from target cell’s MCCH.

5
UE resumes data reception
Note: this service continuity procedure is not lossless. Service continuity interruption time mainly includes two parts: (1) delay to identify a link break, and measure and find a new cell, (2) delay to read target cell’s MCCH.
Note: when uplink feedback channel is not available, all eNBs in maximum SFN area needs to transmit the service.
3. Optimization Techniques

We have identified several enhancement techniques to improve service continuity. 

3.1 Measurement report/HO Command

UE sends measurement report to source cell when measurement event is triggered (e.g. UE identifies a better cell than current serving cell, UE enters a border cell of MBSFN). It is assumed that the current agreement ‘no handover preparation’ in [1] implies that there is no data forwarding between source and target cell. Therefore, there are mainly two usages of these messages.

1. Measurement report triggers target eNB to join u-plane multicast group before cell reselection/handover. This can minimize the service continuity interruption time due to delay to join u-plane multicast group in target eNB.

2. HO command can be used to transmit scheduling information regarding target cell/MBSFN. In principle, same information can be transmitted as part of neighbouring cell list in measurement control message as shown in Figure 2. But by using HO command, we can reduce the signalling overhead on MCCH since information in NCL need to be broadcast periodically.
This optimization technique requires uplink feedback channel, which is only possible in RRC_CONNECTED and MBMS_RRC_CONNECTED state. By using this approach, UE mobility is controlled by network side as in unicast handover.

Furthermore, as discussed in [5], if security function is not available, this optimization technique may be misused by a malicious UE. The severity of this attack is FFS.
3.2 Inter-MBSFN/cell Scheduling to create idle gap

This approach is based on the assumption that the service data rate is significantly lower than the instantaneous rate of its radio transmission, which implies that the service can be transmitted in bursts that occupy only a fraction of time. For example, the actual transmission burst of service data worth one second may take only some hundreds of milliseconds even in the worst case. By a proper synchronization mechanism, roughly simultaneous idle gaps in the transmission of a service can be created in neighbouring cells. Cell reselection or handover can then be carried out during such an idle gap to minimize data loss.
In the inter-MBSFN case, such synchronization may already be implicit if the MBSFNs receive the same u-plane multicast stream and hence SYNC-protocol information from a common MB-GW. At least in the inter-cell case, it is reasonable to assume that adjacent eNBs receive the service data from the same MB-GW at roughly the same time (i.e. with a time difference not greater than 50ms). It may then be sufficient to rely on QoS parameters indicating high priority to achieve long and simultaneous enough idle gaps in the different cells; alternatively, since the MB-GW is anyway a common point of delivery for MBMS service data, one option could be to carry more accurate synchronization information specific to single-cell transmission in the header of the SYNC protocol. This could be helpful in e.g. organizing the transmissions of several services delivered jointly by the MB-GW. 
Figure 3 below illustrates the idea. It is assumed that three services are transmitted periodically. UE using service 1 moves from source eNB to target eNB. It is possible to great a transmission gap in both source and target eNB side. UE can utilize this gap to attach to target eNB. This helps UE to achieve lossless and seamless mobility.
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Figure 3: Illustration of idea of inter-MBSFN/cell scheduling to create idle gap 
2.3 MBMS UE Measurement
The details of measurement procedure/quantity in LTE MBMS are still open in RAN1/RAN4. But in general, UE measurement can be used in following two cases: 
1. Measure serving cell/MBSFN to identify a border cell in MBSFN and/or border area of a cell.

2. Compare serving cell and neighbouring cell’s measurement results to identify a better neighbour cell/MBSFN.

Network can control UE’s measurement behaviour by broadcasting information such as UE measurement quantity and measurement event in MCCH. For example, a handover procedure can be triggered by a measurement event, such as the serving cell’s RSRP falling below some pre-defined threshold. This can help UE to detect poor reception quality before link breaks. This event can trigger UE to searching for new cells. Those MBMS UE measurements help UE to reduce the delay spent on link break detection and new cells identification.
2.4 MBMS Neighbour Cell List

Information regarding service in neighbouring cell/MBSFN can be broadcasted in source cell’s MCCH. UE can read this information before cell reselection/handover. This helps UE to skip reading target cell’s MCCH before data reception. As a result, it reduces UE’s service continuity interruption time.
The information identified to be useful to transmit on NCL is listed below:

1. Carrier frequency of neighbouring cell/MBSFN. This reduces cell/MBSFN identification delay.

2. MBMS service identity (similar to C-RNTI in unicast) used in neighbour cell/MBSFN. This information helps UE to skip reading scheduling information in target cell’s MCCH, and read MTCH directly after cell reselection/handover

3. Other service scheduling information. 

In general, it is always beneficial to get more information about the service in neighbour cell via source cell’s NCL from service continuity perspective. But this will increase the signalling overhead in source cell’s MCCH.

2.5 Border cell identification via single-cell MCCH
Border cells of a MBSFN can broadcast messages in single-cell MCCH to notify UEs that they are at the MBSFN border. UE can utilize this information to trigger further UE measurement action and service continuity procedure.
2.6 Dynamic u-plane multicast group join/leave
When uplink feedback channel is available, some eNBs can leave u-plane multicast group, and stop transmission. The scheduling information can still be broadcasted in this cell’s MCCH. When a new UE appears, it will send a uplink message to this cell. This will trigger this cell to join u-plane multicast group, and start transmission of the service.
2.7 Discussion

Below, we summarize the feasibility of the above optimization techniques in all transmission modes. 
Table 1: Relation between service continuity optimization techniques and transmission modes

	
	Dedicated carrier MBSFN
	Mixed carrier MBSFN
	Dedicated carrier single cell ptm
	Mixed carrier single cell ptm

	Measurement report/HO Command
	
	Y
	
	Y

	Idle gap scheduling
	Y
	Y
	Y
	Y

	MBMS UE Measurement
	Y
	Y
	Y
	Y

	MBMS Neighbouring cell list
	Y
	Y (less signalling overhead if HO Command is also used) 
	Y
	Y (less signalling overhead if HO Command is also used)

	Border cell identification via single cell MCCH
	Y
	Y
	
	

	Dynamic u-plane multicast group join/leave
	
	
	
	


Table 1: Relation between service continuity optimization techniques and UE reception states

	
	RRC_IDLE
	MBMS_RRC_CONNECTED
	RRC_CONNECTED

	Measurement report/HO Command
	
	Y(Potential security risk)
	Y

	Idle gap scheduling
	Y
	Y
	Y

	MBMS UE Measurement
	Y
	Y
	Y

	MBMS neighbouring cell list
	Y
	Y
	Y

	Border cell identification via single cell MCCH
	Y
	Y
	Y

	Dynamic u-plane multicast group join/leave
	
	Y (security risk?)
	Y


3
Conclusions

In this contribution, we first discussed the design principles and system assumptions to develop a baseline service continuity procedure. We propose to capture those principles in [3]. 
Proposal 1: System Assumptions in developing baseline service continuity procedure: 

1. LTE MBMS U-Plane: eNBs not transmitting may leave the user-plane multicast group.

2. LTE MBMS C-Plane: C-plane signalling is sent to all eNBs in maximum MBSFN.

3. Only RRC_IDLE state is supported
Proposal 2: Design principles in developing baseline service continuity procedure:
1: Maximize similarity between solutions for (1) shared and dedicated carrier, (2) multi-cell and single cell transmission.

2: Minimize core network involvement.

After that, we discussed a baseline service continuity procedure for all LTE MBMS service continuity scenarios. We propose to include the procedure in [3]. 
Proposal: include the baseline service continuity procedure in 36.300

Finally, we discussed several optimization techniques to the baseline service continuity procedure and their feasibility in different transmission modes and UE reception states. We propose to discuss these optimization techniques in the meeting. 
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