3GPP TSG-RAN WG3 Meeting #53bis
R3-061505
Seoul, Korea, October 10 – October 13, 2006



Agenda Item:
7.3.4
Source:
Ericsson 
Title:
SFN area configuration for E-MBMS
Document for:
Discussion 
1.
Introduction
This document discusses configuration of Single Frequency Network (SFN) areas (or multi-cell areas) for E-MBMS.
In an SFN multiple transmitters over an area simultaneously transmit identical signals (simulcast) on the same physical resource (time, resource block) [1]. From the receiver (for example, the terminal) point of view the received signal is indistinguishable from a single (cell) transmission. All transmitted signals contribute constructively in the receiver provided that their reception times fall within the cyclic prefix (over-the-air combining). This extends the multi-path delay-spread “robustness” aspect of the cyclic prefix to include differences in propagation delays from multiple transmitters. The main benefits of SFNs include increased resource usage efficiency and (inherent) geographic transmission diversity.
SFNs are primarily defined in terms of coverage areas (SFN areas), that is, the set of cells that are participating in the simulcast transmissions. The cells and content in each SFN need to be tightly synchronized and coordinated [2]. Hence, the planning and configuration of SFN areas is an important aspect of resource-efficient SFN operation. Multiple MBMS services can be multiplexed on the same SFN assuming the same coverage area for all the services, that is, the content of the SFN needs to be the same over the whole SFN area.
2.
Discussion
SFN area configuration may be more or less dynamic with respect to, for example, changes in the set of users that receive different MBMS services. For a mixed cell where the same E-UTRA carrier is used for both unicast and multicast (MBMS) traffic the SFN area may either be semi-statically configured through O&M or dynamic based on counting mechanisms where feedback is provided on the “unicast” cells. 
This document mainly focuses on the mixed carrier scenario and assumes that SFN configuration for a dedicated carrier could be viewed as a special (restricted) case of the mixed scenario configuration.
Dynamic SFN area configuration

Dynamic SFN area configuration gives more flexibility to adapt to changes in, for example, user distribution as well as more efficient usage of resources. With dynamic configuration, snapshots of the current MBMS service(s) user distributions may be used to setup SNF area(s) on demand. It may be feasible to create a service-specific SFN for a particular service that only exists for the duration of that service. It may also be possible to modify the set of cells in the SFN during the duration of the MBMS service to reflect changes arising from users joining and leaving the service and/or user mobility. Dynamic SFN area configurations also permits local resource optimizations where individual cells can shift from SFN to single-cell transmissions.

SFN areas may be overlapping (possibly with multiple overlaps), which requires careful and non-trivial coordination of their resource allocation and scheduling. Hence, the dynamic configuration functionality requires centralized coordination of resource allocation for the SFNs [3]. It also requires counting of MBMS service users in cells to, for example, determine the SFN switching point, that is, when to shift from single-cell transmission to multi-cell SFN transmissions for one or more users/cells. Depending on desired complexity, the counting can, at minimum, be done during session start, or, for more flexibility and adaptability, reconfiguration/recounts may also be requested for ongoing services (as in [4]).
Semi-static SFN area configuration (O&M-based)

For semi-static (O&M-based) configuration the SFN areas need to be defined based on estimates of the MBMS service(s) demand in different areas. It is expected that a number of different SFN areas can be configured and that they may overlap each other. Overlapping areas gives flexibility to the operator when introducing new services and allows for different degrees of “regionalization”.
Semi-static configuration also eases planning of SFNs in terms of resource allocation and scheduling. By having knowledge which services that are to be transmitted during a certain time period, they can be announced to the eNode Bs ahead. This ensures that eNode Bs can start preparing resources to be used for the service so that intended resource blocks are not allocated for any other services and so that ongoing connections are shifted to other resource blocks within the carrier). On the other hand, semi-static configuration makes it difficult to reflect the current MBMS service user distribution(s), which may lead to inefficient resource usage in some regions,

Even for semi-static configuration the operator may have some knowledge of MBMS service user distribution over time. In certain geographic areas it could be expected that service demand changes over a given time period, for example, a day or a week. In this case it may be possible for some eNode Bs to stop transmitting SFN content during some configured time and reuse the associated resources for other transmissions.
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As an example (see figure above), during the weekend users interested in a given MBMS service in SFN1 are only concentrated in a small part of the SFN represented by SFN1a. At the same (weekend) time there is a very dense distribution of users in SFN2 (not present during weekdays). If it is possible to configure an automatic “shrinkage” of SFN1 then this reduces the need for coordination of resources between SFN 1 and SFN2.
3.
Conclusion

This document has discussed configuration aspects of SFN areas for E-MBMS transmissions from a mixed carrier/cell perspective.

We propose to have the possibility to dynamically configure SFN areas depending on service demand in addition to basic semi-static configurations where the SFN areas are only configured through O&M activities. The exact definition of semi-static should be further discussed (for example, whether SFN is fixed and operator configured for a period of time or whether there should be some flexibility such as the possibility to shrink the SFN area).

The dedicated carrier case is viewed as a specific (restricted) case of mixed carrier configurations.
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