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1. Introduction

In previous RAN3 meetings MBMS architecture and MBMS service continuity aspects has briefly been discussed. Two mobility scenarios in particular have been highlighted and need further discussion and analysis; MBSFN to Single Cell, and Single Cell to Single Cell mobility. In this contribution we discuss and show how these scenarios can be supported using an efficient transport mechanism of MBMS and evaluate different options possible.
2. Discussion
The MBMS architecture introduces IP multicast transport between MBMS GW and eNB, allowing for an efficient transport and scalability advantages with the source only needing to provide one data stream per service. As shown in contribution [1] the single cell scenario could potentially be supported by both unicast architecture and by the MBMS architecture, e.g. as proposed in [2]. The latter, MBMS architecture, is preferred due to its efficiency advantages and the clear separation between EPC and E-UTRAN. This architecture is also used as basis for the mobility discussions in this contribution.
In previous discussions two main scenarios of interest have been depicted:

1. MBSFN to Single Cell mobility 
2. Single Cell to Single Cell mobility
In sections below we further discuss alternative means to handle service continuity based on these two scenarios analyzing the mobility based on either network controlled HO or UE cell reselection mechanisms.

It might also be worth noting that there is a need for coordination of how any unicast services potentially active in the UE also are handed over to a target cell together with the MBMS service. This coordination is left for further study and it is outside of RAN3 scope. 
2.1 MBSFN to Single Cell mobility
Any UE in MBSFN could be in either LTE_Idle or LTE_Active depending on whether a unicast service is active or not. It is currently discussed in RAN2 whether a separate state machine is needed for MBMS and it is not the intention of this contribution to discuss the details of UE state handling [3]. It is therefore assumed that if the UE is in LTE_Active using a unicast service, the handover would be network controlled and hence this scenario fall into section 2.1.2. 
2.1.1 UE based cell reselection

A UE in Idle mode performing cell reselection could receive the MBMS service via MBSFN as long as the MBSFN transport channel (MCH) can be successfully decoded. Within a MBSFN the UE would perform cell reselection based on best cell and when entering a cell not announcing the requested service in MBSFN, but only on single cell basis (e.g. via DL-SCH), the UE could announce to eNB that it would like to receive the service by means of single cell. Either the eNB has already joined the Service IP multicast tree (if service already is provided by eNB) and hence only need to take decision on scheduling the UE, or the eNB also need to join the IP multicast tree. The latency of setting up IP multicast is very much dependent on service availability, operator network configurations, etc. There are also enhancements of IP multicast that could speed up the joining process (e.g. Source Specific Multicast). The details of IP multicast setup is FFS. 
The UE controlled mechanism could probably be sufficient for UEs traveling at low or limited speed since the concept of guard cells probably would cancel the interference in border cells and allow for a better overlap of the MBSFN service into neighboring cells. UEs traveling at higher speed might however experience a faster fading of the service and therefore also potentially a longer interruption time.
2.1.2 Network controlled handover

A UE within MBSFN that is in active mode and approaching the MBSFN border would have a possibility to perform a network controlled handover of services to the target cell probably reusing much of the signaling specified for unicast handover. This would enable to start preparing the resources and service in target eNB already prior to UE arrival in the target cell. Depending on the use case scenario less interruption time than for the cell reselection scenario could be expected. 

This alternative requires the UE to be in a connected state at handover which would be the case anyhow when a unicast service is active in the UE. In the case no such service is used alternative mechanism would be required to activate the UE as it is approaching the border of MBSFN. One possible mechanism would be to trigger the UE to activate, and set up RRC connection, as it enters a border cell of MBSFN. This could enable the UE to either start receiving the MBMS service via single cell (e.g. DL-SCH) already within MBSFN or to start the reception of DL-SCH upon handover to target cell. The latter would probably be a preferred scenario since it would minimize any unnecessary allocation of radio resources.
Conclusion is that both UE based cell reselection and network controlled HO could potentially work but in order to better support fast moving UEs it is proposed to adopt a network controlled HO mechanism.  
2.2 Single Cell to Single Cell mobility

A UE receiving MBMS in single cell could potentially be in either LTE_Idle or LTE_Active depending on whether a unicast service is active or not. Similarly as for 2.1 the intention of this paper is not to address the UE state handling for MBMS and it is therefore assumed that any UE in LTE_Active using a unicast service handover would perform network controlled and hence this scenario fall into section 2.2.2.
2.2.1 UE controlled cell reselection

A UE in a cell receiving a MBMS service while in LTE_Idle would perform a “normal” cell reselection based on best available cell. This is likely to lead to good network connectivity, but it should be noted that the MBMS service will only be requested in the target eNB upon arrival of the UE in this cell and this could then potentially also require the eNB to consequently join the IP multicast tree including any potential delay this might induce. The consolidated delay that these procedures introduce would probably be difficult to optimize to the level of not having any impact on user perception. 

Additionally it could be noted that the cell reselection scenario in this case differs from the case of leaving MBSFN, since a similar overlap of service (cells) are not likely to occur.
2.2.2 Network controlled handover

A UE in a cell receiving a MBMS service while in LTE_Active mode could perform a network controlled HO of services to the target cell probably reusing much of the signaling specified for unicast handover. This would enable to start preparing the resources and service in target eNB already prior to UE arrival in target cell.

This alternative requires the UE to be in a connected state at handover which would be the case when a unicast service is active in the UE. In the case no such service is active the UE would need to be activated by other means. This could be enabled through a specific MBMS state machine or by linking the MBMS reception to LTE_Active state. The details of this discussion are FFS and outside of RAN3 scope.

It is proposed to supported Single cell to single cell mobility for MBMS services through network controlled HO. 
3. Conclusion
In this contribution we have discussed and evaluated two MBMS mobility scenarios and shown different alternatives of how to handle service continuity for these.

For MBSFN to Single Cell mobility the conclusion is that both UE based cell reselection and network controlled HO could potentially work but in order to better support fast moving UE it is proposed to adopt a network controlled HO mechanism.  

For Single Cell to Single Cell mobility it is proposed to support mobility for MBMS services by adopting a network controlled HO mechanism.
4. References


[1] 

R3-070908, MBMS Architectural aspects, Ericsson
[2]

R3-070909, MBMS reference architecture proposal, Ericsson
[3]

R2-071531, UE state during E-MBMS reception, Vodafone


















Page 1 of 3
3GPP


