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Introduction

During the discussions held in Orlando during RAN2 #58bis meeting, a need for operator's inputs on the more relevant deployment scenarios for LTE MBMS that need service continuity has been expressed. 
This document aims at identifying the possible scenarios based on [1] and [2] and highlighting ones that, from the point of view of the co-signing companies, need further work and optimization to provide service continuity during mobility between different MBMS areas.
Definitions
The scope of the following definitions is limited to this document, except ones issued from [4]. 

· Intra-frequency mobility:
Mobility between cells of the same carrier, using the same radio resources (time / frequency). Typical examples are mobility between cells of a MBSFN area (which is seamless and lossless by definition) or SC-PTM cells of a shared carrier.

· Inter-frequency mobility:
Inter-frequency mobility is intended here as mobility between cells belonging to different carriers, typically between an MBMS dedicated carrier F2 and a carrier F1 shared between MBMS and unicast services ("shared carrier").

· "Hybrid" mobility:
"Hybrid" cases correspond to deployment scenarios where mobility is needed between MBMS areas on a dedicated carrier and a shared carrier (e.g. between MBSFN on dedicated carrier and SC-PTM on a shared carrier). By definition, it is inter-frequency mobility also, but in "hybrid" scenarios, one carrier provides UL feedback (shared carrier) while the other one does not (dedicated carrier).
· MBMS-dedicated carrier: carrier dedicated to MBMS services, through MBSFN and/or SC-PTM mode of transmission i.e. with only MBMS-dedicated cell as defined in [4]
· Unicast/MBMS-mixed carrier: carrier providing both unicast and MBMS services (through MBSFN and/or SC-PTM mode) i.e. with unicast/MBMS-mixed cells as defined in [4]
1 MBMS-dedicated carrier case
As agreed in Kobe RAN2#58 meeting and captured in [2], no UL feedback is used in the MBMS-dedicated carrier case, which implies that no network assisted handover mechanism can be used. Mobility between MBSFN, or SC-PTM, and SC-PTM would be managed through UE based cell reselection. This cell reselection could be optimized in the prospect of MBMS mobility to ensure, in some identified cases, efficient service continuity for the on-going MBMS service. In our understanding, this procedure would rely on UE, and overall behaviour should be precisely defined by RAN2 to reach the seamless mobility. However it is not the aim of this document to propose any mechanism or procedure, but rather to highlight the cases where such optimizations are needed.

1.1 Mobility between MBSFN areas on an MBMS-dedicated carrier
· Intra-frequency case

The current understanding of co-signing companies is that service continuity is inherently present with multi-cell transmission using MBSFN. The MBSFN cluster is then designed to achieve service continuity within a specific area.
The figure below shows the case where only 1 service among 3 needs to have continuity between 2 SFN areas, while provision of other services is limited to one area. 
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Furthermore, adjacent MBSFN areas providing the same service on the same resources would produce mutual interference to each other, which lowers the gain of MBSFN at the edge of the areas. This either leads to a loss of coverage between the areas or to a reduction of the MBSFN throughput in both areas in order to allow continuous coverage with low SINR at the junction of MBSFN areas.

Therefore, we believe that different MBSFN areas would rather provide different services and/or be geographically separated.   

As a conclusion, we do not see the need / the gain from optimising service continuity between MBSFN clusters on a dedicated carrier.  
· Inter-frequency case
Here continuity would have to be provided between two dedicated MBSFN carriers providing the same service. In our understanding this scenario will not be very likely, thus it is not targeted.


1.2 Mobility between SC-PTM and MBSFN

On an MBMS-dedicated carrier without uplink feedback, SC-PTM cells can be considered equivalent to small MBSFN clusters, at least for the service continuity considerations in this document. Therefore, the same conclusions as for MBSFN apply in this case.

1.3 Mobility between SC-PTM cells
Same comment as above applies for these scenarios.

2 Unicast/MBMS-mixed carrier case
In this part, we consider only intra-frequency case based on the hypothesis that there would be only 1 Unicast/MBMS-mixed carrier to provide MBMS services (possibly in addition to MBMS dedicated carrier).
Scenarios with mobility between MBMS-dedicated carrier and unicast/MBMS-mixed carrier are presented in part 3 on "hybrid" scenarios.
As agreed in Kobe, UEs accessing MBMS services through SC-PTM cells on a unicast/MBMS-mixed carrier can be allocated an UL feedback channel. Subsequently in Orlando, it was agreed that no such UL feedback channel is utilized in MBSFN operation.


2.1 Mobility between MBSFN and SC-PTM
In this case, we consider contiguous MBSFN and SC-PTM cells on a unicast/MBMS-mixed carrier, where SC-PTM can provide extension of MBMS service at the border of MBSFN areas or in coverage holes within MBSFN areas. MBSFN and SC-PTM can use typically different radio resources on a single LTE cell (e.g. timeslots dedicated to MBSFN operation, others to SC-PTM and to unicast services), or on different cells (e.g. at the edge of MBSFN area).
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As an example, when a user enters a building, the UE could start loosing MBSFN coverage, which will rather be designed to provide service to most users i.e. ones in good or medium radio conditions, the UE could report measurements through UL feedback, e.g. based on a defined quality threshold. eNB could decide to deliver the MBMS service if not already broadcast through SC-PTM resources. The UE could then come back to MBSFN operation once it has detected MBSFN coverage again, or move to another SC-PTM cell.
This "fallback" to SC-PTM mode would also typically occur at the edge of the MBSFN area, either in the same cell or in a different one than the MBSFN one.
This intra-frequency MBSFN – SC-PTM mobility scenario is seen to be very likely and therefore needs to be optimised.

2.2 Mobility between MBSFN areas
This case is similar to the dedicated carrier case, with the exception that mobility between MBSFN areas can be provided via SC-PTM.


2.3 Mobility between SC-PTM cells
Mobility between SC-PTM cells needs to be optimized, for the sake of providing service continuity where MBSFN transmission is not used. Motivated by the unicast case, this should be technically feasible. 
3 Hybrid scenarios

This part presents scenarios in which both an MBMS-dedicated carrier and a unicast/MBMS-mixed carrier provide MBMS services. They differ from the MBMS-dedicated carrier inter-frequency scenarios as an UL feedback is present on the unicast/MBMS-mixed carrier, which could be used typically for handover preparation. They differ also from the scenarios presented in part 2 (shared carrier) as here inter-frequency mobility would be required to the UE.

3.1 Mobility between MBSFN on MBMS-dedicated carrier and SC-PTM on unicast/MBMS-mixed carrier

A hybrid scenario could arise when MBMS services are provided via MBSFN on an MBMS dedicated carrier with synchronised base stations and a unicast/MBMS-mixed carrier without MBSFN capability (maybe asynchronous) is present in the same area.

Here SC-PTM cells on the shared carrier could allow service continuity when MBSFN coverage is lost. 

Seamless mobility seems advantageous in both directions:

· When entering MBSFN coverage, in order to free SC-PTM resources on the shared carrier.

· When losing MBSFN coverage, to ensure service continuity.  


[image: image3]
Seamless mobility in both MBSFN->SC-PTM and SC-PTM->MBSFN directions could imply need for Dual Receiver at UE side.

The network could be involved in the SC-PTM to MBSFN mobility since an uplink transmission is possible on the source cell and the UE could inform the network about MBSFN reception quality.

However, mechanisms for MBSFN toward SC-PTM mobility may need further discussion since no uplink transmission is possible on the dedicated carrier. In this direction, the UE should be able to commence the reception of the SC-PTM transmission during MBSFN operation, and also to request transmission of the service on the SC-PTM cell (MBMS/unicast mixed carrier), as it may not be broadcast yet.

Implications of this hybrid scenario on the UE capabilities should be carefully assessed
This MBSFN – SC-PTM inter-frequency mobility scenario should be optimised in both directions provided feasible mechanisms can be found.

3.2 Mobility between SC-PTM on an MBMS dedicated carrier and MBSFN on a unicast/MBMS-mixed carrier
This case could be seen as the reverse case of the previous one: SC-PTM cells on the MBMS-dedicated carrier serve for continuity of MBMS services provided on the shared carrier on MBSFN area.
In the understanding of co-signing companies, services provided by SC-PTM on an MBMS-dedicated carrier would rather be local services, and there is no interest foreseen to have SC-PTM on an MBMS dedicated carrier when MBSFN can be realized on the shared carrier.
Then, this scenario is not targeted.


3.3 Mobility between SC-PTM on an MBMS dedicated carrier and SC-PTM on a unicast/MBMS-mixed carrier
This scenario is similar to the above case.
It is not identified as a candidate scenario for the same reasons. Then, mechanisms for service continuity are not needed.

Conclusion

As a conclusion, co-signing companies identify mainly 3 mobility scenarios that would need mechanisms to provide MBMS service continuity within LTE network:
- intra-frequency mobility between SC-PTM cells on a unicast/MBMS-mixed carrier 
- intra-frequency mobility between MBSFN and SC-PTM transmission modes on a unicast/MBMS-mixed carrier
- mobility between MBSFN area on an MBMS dedicated carrier and SC-PTM cells on a unicast/MBMS-mixed carrier.

Co-signing companies invite RAN3 to consider these scenarios with high priority for the work on LTE MBMS service continuity and to capture these in the Stage 2 [4]. 
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