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1
Introduction
One central open issue in MBMS for LTE is where MCCH is terminated on the network side.

Considering that in the present architecture RRC is terminated in the eNB, and that it is currently captured in TS 36.300 that “MCE does not perform UE - MCE signalling”, we think that terminating MCCH in the MCE represents a deviation from the existing baseline and should therefore only be done if significant issues are found with terminating MCCH in the eNB. In this contribution, we sketch a proof of concept showing that terminating MCCH in the eNB is perfectly feasible, and that RAN2 should therefore adopt terminating MCCH in the eNB as a working assumption.
2
Consideration of requirements
Assuming that MCCH is terminated in the eNB, the following requirements must be met to achieve a working C-plane synchronization:
1. At every MCCH transmission, the eNB must know whether or not it can be certain that it has the correct 
C-plane state (by “C-plane state” we mean everything affecting the MCCH content) associated with that MBSFN area;
2. eNBs knowing to have the correct state are able to generate and synchronously transmit bit-identical MCCH content based on that state, while an eNB uncertain of the state does not transmit anything on the resources of that MBSFN area;
3. An eNB can regain certainty of having the correct state (provided that the underlying transport network is operational).

2.1
Fulfilling requirement 1
Assuming that the eNB was certain of the state at the previous MCCH transmission (the other case falls under requirement 3), this will also be the case at the next transmission provided that the eNB knows that either A: there is no change effective from the next transmission (as either specified - cf. modification period - or signalled by the MCE), or B: it knows to have received all messages from the MCE implying a change effective from the next transmission. 
The following example scheme seems to fulfill these requirements:
-
Messages from the MCE implying a change of state, e.g. Session start, are coupled with a sequence number and a validity time (time stamp) indicating the point in time at which the change becomes effective and should from then on be reflected in MCCH transmissions;

-
A “last SN by time t” indication is defined, by which the MCE indicates a point in time t, and a sequence number SN of the kind defined above. This indication means that any changes of state coupled with sequence number larger than SN will only become effective after time t.

-
Unless otherwise allowed (by e.g. modification period), an eNB is allowed to transmit MCCH at a given time only if it has received a “last SN by time t” indication with time t occurring at or after the transmission time, and it has received all messages up to SN.
The messages from the MCE of course need to have an association to the correct MBSFN area.

We give an example in what follows. Assume MCCH transmission takes place at every full second, and that by a “last SN=5 by time t=1s” message, the eNB knows to have had the correct state for MCCH transmission at t=1s. Then,
-
before t=2s, the eNB receives a “last SN=5 by time t=2s” message. Because the SN in this message hasn’t changed, it knows there is no change to the state and can therefore safely transmit MCCH also at time t=2s (i.e. case A above). Note that an eNB not having received this message would not be allowed to transmit anything for that MBSFN area after t=2s.
-
before t=3s, the eNB receives two messages: a Session start with SN=6 and validity time 3s, and a “last SN=6 by time t=3s”. Again the eNB can transmit MCCH at time t=3s, and even the eNB not having received the message in the previous step could resume transmission at t=3s (both examples of case B above). In contrast, any eNB having missed either one or both of these messages with reference to t=3s would not be allowed to transmit anything for that MBSFN area after t=3s.
2.2
Fulfilling requirement 2
If the MCCH message is ASN.1-encoded by the eNBs, certain restrictions seem to be needed to ensure that the eNBs with the correct, identical state generate the exact same MCCH message:
-
In specifying the MCCH message, no CHOICE-structures or OPTIONAL presences are left for eNBs to decide by themselves (i.e. if used, the choices must be implicit from the C-plane state);
-
The order of elements within a SEQUENCE-structure must be well-defined. A straightforward example is to specify that the elements must appear in increasing order of their bit-string expressions as defined e.g. by a lexicographic ordering applying the basic order {no bit, 0, 1}, i.e. shorter bit-strings first, and bit-strings of same length in increasing numerical order.
The latter rule implies the handling of any possible nested SEQUENCEs, i.e. the inner SEQUENCEs need to be ordered first to determine the outer ordering. It should also be noted that the number of elements in each SEQUENCE should be implicit from the correct state that the eNB is assumed to have.

The synchronous transmission of the content follows from a well-specified MCCH scheduling scheme.
2.3
Fulfilling requirement 3
An eNB recognizes the need to recover the correct state e.g. after a certain time of uncertainty resulting from not receiving update messages, or detecting a gap in the message sequence-numbers received from the MCE.

A procedure for an eNB to recover the correct state most likely requires defining a message exchange between the eNB and the MCE, where the eNB requests retransmission of not-received update messages (by their SNs) from the MCE. For an eNB indicating a lack of any prior knowledge of the state, the MCE must naturally generate a sequence of all the necessary update messages, possibly with sequence numbers ending in the current state.
3
Conclusion
In this contribution, we lay out the detailed requirements that must be met to achieve a working C-plane synchronization if MCCH is terminated in the eNB, and provide proofs of concept satifying those requirements. We therefore suggest the following.

Proposal 1: MCCH is terminated in the eNB.

Of the more detailed design choices presented in this paper, the following falls into RAN2 domain:

Proposal 2: Agree on the use of ASN.1 and of the two rules listed in section 2.2 for MCCH.
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