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1. Introduction

This document investigates how the architecture of MBMS can be adapted to an E-UTRAN setting.
Throughout, we use the term “E-MBMS” to refer to an evolved MBMS system for use with an E-UTRAN.  It is arguable whether this will really represent a different MBMS system architecture, and even if there are divergences, in practice E-MBMS systems might well present “legacy” MBMS interfaces for UTRAN compatibility for some time.  The difference of terms should not be understood necessarily to imply a substantial system-wide change, but rather as an aid to distinguish between the UTRAN and E-UTRAN “worlds”.

2. Discussion

2.1.  Rel-6 Architecture and Backward Compatibility
The architecture of MBMS in UMTS Rel-6 is shown for reference in Figure 1.
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Figure 1: Rel-6 MBMS architecture

For MBMS to be supported on the E-UTRAN, (i.e., an unchanged BM-SC communicating with an E-UTRAN) this architecture must remain unchanged above the Gmb (control-plane) and Gi (user-plane) interfaces.  On the other hand, an evolved E-MBMS “back end” that did not need UTRAN compatibility would theoretically be free to define new interfaces at this boundary.  We suggest as a general principle that such changes should be kept to a minimum, but should be considered if they offer a clear benefit.
The assignment of functions to external interfaces in the Rel-6 BM-SC is shown in Figure 2.
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Figure 2: BM-SC interfaces and their functions

For the most part, this mapping can be expected to persist unchanged in E-MBMS, at least from the RAN point of view—even if higher-layer protocol changes are made (e.g. by SA4), the interfaces through which these protocols are carried from the BM-SC to the UE should remain transparent.
On the other hand, the underlying layers in the UTRAN and E-UTRAN cases are of course different.  The principal rôle of E-MBMS in the E-UTRAN is as an adapter between the Gmb/Gi interfaces and the evolved lower layers.

2.2. E-MBMS in the E-UTRAN Architecture

2.2.1.  QC Preferred Architecture
The logical architecture we envision for the E-UTRAN is shown in Figure 3.  Note that separate boxes in the figure are not necessarily physically separate elements; the important distinction for E-MBMS purposes is the logical hierarchy in which the anchors govern the management of radio resources among E-Node Bs.
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Figure 3: Anatomy of an E-UTRAN

Although the logical mesh topology allows any anchor to transmit data to any E-Node B, each E-Node B should receive a given E-MBMS service from only one anchor.  There is no advantage in delivering the same data to the E-Node B from two different sources, and it introduces intractable problems of synchronisation if the E-Node B somehow attempts to correlate the two data streams. 

If we restrict attention to a single service, the E-UTRAN architecture as considered for E-MBMS becomes more strictly hierarchical, with each anchor “owning” a set of E-Node Bs (but this set may be different for different services).  This situation, with a BM-SC added in the obvious way, gives the arrangement of Figure 4.
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Figure 4: Interface between BM-SC and E-UTRAN

Note that, as with Rel-6/7 MBMS, the user-plane data on the Gi interface actually includes some higher-layer signalling that from the application perspective would be considered part of the control plane—e.g., support for service discovery and key negotiations.  The distinction shown here between control and user planes is strictly from the RRC perspective.

2.2.2.  Flat Architectures

It has been suggested that the E-UTRAN architecture could be logically flat, with the anchor functions subsumed independently in each E-Node B.  For E-MBMS, this would mean that the Gmb and Gi interfaces would terminate directly at the E-Node B.  However, it is not clear in this case how services would be synchronised from one E-Node B to another.
In general, a flat architecture presents problems for E-MBMS when any interaction across Node B boundaries is considered.

2.3. Evolutionary Developments in MBMS
This section examines some aspects of the evolutionary path from MBMS to E-MBMS.

It is extremely important that needed changes to MBMS should not be deferred from Rel-6/7 into LTE.  The evolution of the system constitutes an opportunity to make broad improvements, but not an excuse to let the existing form of MBMS languish.

As noted above, the changes imposed by the move to an LTE physical layer can be isolated from the upper layers, and many changes to the application layer could take place without affecting the E-UTRAN (since the controlling interactions between UE and BM-SC take place over the E-UTRAN user plane).  For the most part, RAN2 should be able to ignore application-layer changes.
The very high data rates provided by the E-UTRAN support larger numbers of services (and/or services of much higher bandwidth) than is feasible in Rel-6/7.  As a result, the likelihood of various use cases will change; for instance, thus far, RAN2 have been able to assume that the number of services in any one cell was small, and therefore that problematic situations such as a UE interested in multiple conflicting services were corner cases.  Such assumptions may no longer be valid.

Finally, the transport and logical channelisation underlying E-MBMS will be entirely new; we address this subject separately in [2].

3. Conclusions
We conclude:
· MBMS services can be adapted to the E-UTRAN environment without major changes affecting interfaces between layers;
· The E-UTRA air interface offers much more capacity to MBMS than was previously available, making past assumptions about the service environment questionable;
· E-MBMS development should not be considered as a substitute for continuing work on Rel-6/7 MBMS;

· The BM-SC should interface directly with an anchor node, with each anchor managing a set of E-Node Bs (the set possibly varying on a per-sevice basis).
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