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1. Introduction
Some deployment scenarios for SFN areas were discussed during last meetings in RAN3 [1], [2] etc. and also in RAN2 [3]. The purpose of this contribution is to present options that may be deployed to provide MBMS service coverage. After an analysis on the dynamic nature of MBMS subscriber's density, we present how a semi-static SFN areas approach, where the service area is specified by O&M, and a dynamic SFN areas approach may take these considerations into account.
2. Discussion
2.1. Service coverage and subscribers density
Depending of the service which is targeted, a multicast service area may be large, up to the PLMN (for national TV program for example) or reduced to a few cells, down to one cell only. The coverage has to be planned for each multicast service. It shall fit the service requirement, shall be small enough to keep the localized nature of a service, if any, but has to be large enough to catch up the maximum number of potential users. Both limits have to take into account various deployment parameters, among them radio propagation variations. This may be called the coverage uncertainty.
If we monitor in a service area the density and spreading of users having subscribed to a given service, it is likely that it will vary among time. Depending of the service, this variation may span several time scales; we can have variations linked to the season (summer / winter for ex.), to the day of the week, to the time of the day (office hours / lunch time for example), or to other parameters that make evolutions appeared randomized.
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Figure 1: Example of subscribers' density time variation
We have listed two dimensions that could impact a service area: coverage uncertainty and time variations. However these two are just a small subset among all parameters that may impact a service area planning. Setting up an exhaustive list of parameters would be a difficult task since future services we don't know yet will (hopefully) emerge, with their own characteristics and requirements.
Hence, having a system flexible enough to easily adapt to service area dynamics is important to be able to optimize radio and network resources.
2.2. Definitions 
For the sake of clarification of MBMS service area, we give hereafter the following definitions.
A MBMS service area is defined as a contiguous zone where a service with a given content is always available, i.e. where a mobile is able to subscribe to that service. SFN areas are the zones where a MBMS service content is actually transmitted using the same radio resources and parameters. They are also called clusters.
2.3. MBMS deployment with semi-static SFN areas (O&M defined)
2.3.1. Assumptions
In this approach, MBMS service areas are defined by O&M for each service, and it is assumed that SFN areas correspond to the same definition. 
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Figure 2: Semi-static SFN areas

Such an approach is easy to deploy, does not require having knowledge of where subscribers are located, and it requires little standardization effort. However these advantages are at the cost of resource waste since the approach is not well adapted to fit subscribers' dynamics and resources may be allocated in zones with no MBMS subscribers.

MBMS service area may be modified by O&M for each service according to some schedule and / or triggered by parameters that could be service-specific. However O&M normal time scales are likely to prevent from following some kind of service time dynamic. Constraints put on service area planning are increased; favouring areas oversizing to cope with coverage uncertainties, leading to resource waste.
2.3.2. Resource coordination
All radio cells included in the MBMS service area should share a form of radio resource coordination to provide SFN transmission for MBMS services to avoid interference with other services.
This remains applicable even when the deployment is provided by a subset only of well chosen eNBs building up a SFN transmission area. Indeed, even if they do not participate to SFN transmission, all eNBs need to be aware of the radio resources that are allocated to the MBMS service to avoid interferences. 
2.4. MBMS deployment with dynamic SFN areas
2.4.3. Assumptions
The principle of this approach is that the SFN area adapts to the actual needs; it follows subscribers in space and in time, allocating resources only where and when subscribers are. The MBMS service area is a subset of a multicast service area.

By decoupling MBMS service areas and SFN areas, this approach relaxes constraints on service areas planning, while increasing the possibilities of resource optimization. Indeed, since multicast service coverage is no more directly linked to the amount of resources allocated to the service, an operator may define larger service areas, increasing service coverage and potential number of subscribers.
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Figure 3: Clustered approach
However; this added flexibility may introduce a possible service break at cell edges, due to the time to establish the SFN transmission when a mobile moves to a cell not currently transmitting the service. It could also impose some restrictions to the ability of terminals to receive multicast services while in idle mode. Whether this may be acceptable and possible work out, like links with tracking areas, are FFS.
2.4.4. Resource coordination
An approach could be to keep a global resource allocation for the MBMS service area, in a way similar to the semi-static zones. Thus, a MBMS service area would be composed of one cluster only, which may be spatially composed of several disjoint cell sets. However, this approach does not bring enough differentiators; we assumed here that a MBMS service area may include several clusters, SFN-transmitting with different resource allocations.
With a clustered approach, resources may be allocated independently in two disjoint clusters. Even in a MBMS service area covering a large zone, resource allocation may still be adapted to local needs, bringing some flexibility. Neighbouring cells of a cluster may re-use or preempt resources, authorizing a better optimization. As mobile users subscribe, move around and unsubscribe, clusters' topology will evolve and two clusters may come into range; means to merge them have to be considered.
Dynamic SFN areas principle does not preclude the scheme used for resource coordination; centralized or distributed solutions may apply. However, a standardisation effort has to be achieved
2.5. Pros and cons
	
	Semi-static SFN areas (clause 2.3)
	Dynamic SFN areas (clause 2.4)

	Pros
	- Simplicity to deploy

- Little standardization effort


	- Radio and network resource optimization

- Reduced interference

- Light area planning

	Cons
	- Radio and network resource waste
- Slow adaptation

- Heavy area planning
	- Signaling to be defined

- Need to have subscribers mobility knowledge

	FFS
	- Interferences at service areas' edges
	- Cluster merge
- Idle mode

- Service continuity


3. Conclusion

We have seen that the dynamics of users having subscribed to a MBMS service is characterised by a localisation aspect (where) and a time aspect (where), with both dimensions being able to vary in large scales. Services may have various requirements, some we know, some we don't know; some that will be easy to get, some that will be hardly predictable. Hence, it seems wise to keep the two options for MBMS service areas, i.e. to let the operator the possibility to define static and / or dynamic areas for MBMS services. 
It is proposed that chapter 2.2 is captured in RAN3 TR.
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