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1. Introduction

A channel structure for use in E-MBMS was proposed in [1].  During discussions of this structure, it was suggested that it could be difficult to reconcile with SFN operation.  This document is intended to show that SFN operation is in fact compatible with the proposed structure.
2. Analysis

2.1. Proposed Channel Structure

In summary, the structure proposed in [1] divides the E-MBMS carrier into 1-second “superframes”, with each superframe consisting of four 240-ms “outer frames” and a 40-ms preamble.  Within each outer frame, E-MBMS services are strictly time-multiplexed; that is, each 0.5-ms subframe is occupied by data from only one service.  Unicast (non-E-MBMS) services may be time-multiplexed within this structure.  The preamble contains a mapping of the assignment of services to subframes within the superframe; at its simplest, this mapping could consist simply of a list of 480 service IDs (corresponding to the 480 subframes within a single outer frame).
For the background physical-layer assumptions underlying this proposal, see [3], section 7.1.1.6.

The preamble might also contain the equivalent of the Rel-6/7 MCCH; alternatively, this information could be delivered as a distinguished E-MBMS service.  For purposes of this analysis we ignore the MCCH, since it is not yet clear how it will be carried or (for the most part) what its content will be.

2.2. SFN Operation

In the general case, each superframe could contain SFN content shared among a group of cells and cell-specific content.  Obviously, for coordination across eNode Bs to be possible, these two classes of service content need to be transmitted on separate radio resources.  Within an outer frame, each subframe is assigned either to SFN E-MBMS content, cell-specific (and so non-SFN) E-MBMS content, or unicast services, as shown in Figure 1.
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Figure 1: Division of a superframe into SFN, cell-specific, and unicast subframes
The SFN subframes do not actually need to be contiguous, but for illustration it is convenient to portray them that way.

An SFN service needs to be scheduled identically in every cell; thus the preamble contents for that service will necessarily be the same across all cells.  It follows that the mapping of slots for this service can actually be transmitted as SFN content, provided the TTI on the preamble is sufficiently small to allow SFN and non-SFN scheduling to be transmitted in separate TTIs.  Such a situation is shown in Figure 2.
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Figure 2: Division of preamble into SFN and non-SFN parts
Here only a single outer frame (of only 8 subframes, with a 2-subframe preamble) is shown; subframes 0 and 1 contain the preamble, subframes 2-5 contain SFN content, and subframes 6-9 contain cell-specific content.  Of course subframes 2-5 are identical in cells A and B; it follows that subframe 0 is identical as well, and so subframe 0 can benefit from SFN transmission.  The cell-specific content in subframes 6-9, and its scheduling in subframe 1, are naturally different in each cell.

2.3. Coordination

Transmitting an E-MBMS service across an “SFN group” of cells requires a measure of coordination, because the transmissions in all cells must be bit-for-bit identical.  If there are overlapping cell groups transmitting different SFN services, the possibility for incompatibilities arises in that whatever entities perform the coordination may issue conflicting demands for the same radio resources in the cells in the intersection.  Indeed, it is possible to imagine a set of overlapping SFN areas in which compatible scheduling is impossible.

This coordination problem is intrinsic to the SFN concept and independent of the channel structure.  With the system discussed here, it might be thought that the preamble would further complicate the problem, since it provides additional content that requires coordination.  However, the scheduling information in the preamble will in fact take care of itself; assuming (as we must assume) that the services themselves can be scheduled compatibly across the SFN group, the scheduling information in the preamble will automatically be the same across cells.
In sum, the coordination problem presented by the proposed structure is no worse than the general coordination problem resulting from “patchwork” SFN operations.
However, it should be noted that interference will arise at the edge of any SFN group, where even if the neighbouring cells are time-aligned, the content of subframes will be different, so neighbouring transmissions will be seen as interference.  Because of the very low noise in SFN operation, this interference is quite significant (see [2]) and these edge effects should be minimised for good operation.  Consequently, we suggest that the ideal way to solve the coordination problem among overlapping SFN groups is simply not to have overlapping SFN groups!
3. Conclusions
We conclude that SFN operation of E-MBMS with the channel structure proposed in [1] is feasible.
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