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1. Introduction
The purpose of this contribution is to discuss mechanisms which are related to radio resource usage within MBMS service area, being composed of one or multiple SFN areas, as introduced in [1]. More specifically, it analyses the case where MBMS service subscriber moves within the MBMS service area from a cell inside the SFN area, to a cell outside the SFN area.

2. Discussion

2.1. Assumptions

SFN area (sometimes also called “cluster” [2]) is defined as a set of cells within the MBMS service area, which share the same radio resource blocks for a given MBMS radio bearer, in so-called Single Frequency Network (SFN) transmission. 

It is assumed in this paper that SFN areas are geographically distinct from MBMS service area. SFN areas have been introduced as an independent concept, which let it possible to avoid transmitting MBMS service in cells which do not contain any MBMS subscriber. Doing so reduces the level of produced interference and leaves room to reusing that radio resource outside the SFN area for some other purpose.

Designing the SFN area as a subpart of MBMS service area yields some difficulties. As it is aimed at fitting with the actual location of MBMS service subscribers, and because such subscribers are subject to fast mobility, it is envisaged that SFN areas should be dynamically updated.

2.2. Coverage relay outside SFN area

When MBMS subscriber moves within the MBMS service area from a cell where MBMS bearer is active, and which belongs to one SFN area, towards a cell where MBMS bearer is not yet active, the following comments applies:

1 – MBMS signal strength gets weaker

2 – interference level gets higher, as radio resource might be used in the target cell for other radio bearer

3 – in the target cell, the other radio bearer needs to be allocated another radio resource

4 – MBMS radio bearer might need to be setup in the target cell, which would join the SFN area.

The above comments will lead in poor coverage of MBMS service at the edge of SFN area, as signal degradation would cause some reception errors, and as degradation will last until the dynamic update of SFN area is completed.

Of course, if target cell belongs to SFN area, none of the above comments apply, offering seamless mobility within the SFN area. In the last meeting we proposed a mechanism [2] where dynamic SFN areas would be updated regularly so as to provide a “smooth cushion” that offers the above mentioned seamless mobility. The “smooth cushion” is a set of cells, surrounding the cells of  SFN area which hold MBMS subscribers, which hold no MBMS subscriber. Thus, when UE gets out of SFN area, it enters the cushion area, and MBMS service is already up and ready.

As an alternative to the “smooth cushion”, target cells around the SFN area could simply avoid allocating the radio resource of the SFN area for any other purpose.  Under such “hard cushion” assumption, only above comments 1 and 4 would apply, meaning some signal degradation, but potentially acceptable.

In either case, cushion can be used so that radio resource outside of SFN and cushion area can reuse the radio resource for some other radio bearer, thus saving spectrum efficiency.
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Figure 1: MBMS service coverage extension outside SFN area – cushion principle

Challenges which are associated to the cushion mechanism are:
· System should keep track of MBMS subscriber mobility, and be made aware when MBMS subscriber get out of SFN area. 

· SFN area expansion due to UE mobility requires that cushion be also expanded. 

· Shrink mechanisms should also be provided for SFN areas and cushion, otherwise soon enough SFN area and MBMS service area will be same.

We also proposed a scheme in [2] that provides an answer to the above challenges, provided that MBMS subscriber reports the cell transitions when listening to MBMS service. This implicitly assumed that UE would be in active mode during MBMS service reception. However similar cushion technique could be applied to mobility detection schemes based on tracking areas. Besides, it could also be envisaged to restrict the reporting of cell transition only when getting out of the SFN area.

2.3. Collision between expanding dynamic SFN areas

A special case occurs when the other radio bearer of target cell is a MBMS radio bearer of another SFN area. In such case, it can become difficult (and lengthy) to reallocate a radio resource to that second MBMS radio bearer, especially in each cell of that second SFN area. The time to reallocate the radio resource at SFN area level can cause significant delay in providing reconfiguration of MBMS service coverage outside the initial SFN area.

With (hard or soft) cushion, the above case of colliding SFN areas never happens at the time of MBMS subscriber getting out of the SFN area. Instead, collision occurs between expending cushion areas. Provided that such colliding events can be treated in a reasonable timeframe, such events can thus be seamless from MBMS subscriber viewpoint.  Whatever topology and coordination mechanisms are, having a cushion around SFN areas gives extra time for coordination to get stabilised, hence relaxing requirement on signalling.
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Figure 2: Colliding expanding areas : cushion cells can detect overlapping of radio resource (RR) among SFN areas

With hard/soft cushion cells around SFN area, and with SFN construction mechanisms proposed in [2], cushion cell of a given SFN area might be notified at the time of SFN area expansion, to become a cushion cell of another SFN area with a conflicting radio resource. Thus, colliding events can be detected in advance. System can then reallocate radio resource of either SFN area, so as to avoid any future conflict, and allow future expansion.

If by chance, the colliding SFN area corresponds to same MBMS radio access bearer, then the system may decide to merge the 2 colliding SFN areas.
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Figure 3: Merge of expanding SFN areas

3. Conclusion

This contribution showed that most issues related to the usage of dynamic SFN areas within one MBMS service area, can be solved provided that means for enabling cushion mechanism are provided.
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