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1. Introduction

At RAN2#58bis, the question of single vs. multiple MCCHs was discussed, and some companies expressed concern about the effect of multiple MCCHs on the duty cycle of the UE.  This document is an investigation of this subject.
2. Discussion
2.1. Arrangement of multiple MCCHs

Multiple MCCHs in a cell could either be independent (one per MBSFN area, and one for cell-specific services) or linked by a common “master” or “primary” MCCH.  We consider the latter to be undesirable; the primary MCCH would always be cell-specific, meaning that reading of the MCCHs for all E-MBMS services in the cell would depend on reading a single channel with the worst possible characteristics for broadcast reception.  This difficulty is not necessarily disqualifying—after all, there is always a requirement to read a cell-specific broadcast channel for system information—but it should be borne in mind.

Rather, we consider that multiple MBSFN areas in a cell should operate independently, each with its own MCCH.  In MBSFN transmissions, the various MCCHs would be time-multiplexed exactly as MTCHs.  (If in addition there are cell-specific services, these services, including their MCCH, are subsumed in the unicast traffic and do not interact with the MBSFN subframes; we ignore them henceforth.)

The multiplexing situation for these channels is shown in Figure 1.  The cell shown is a member of two MBSFN areas, identified as A and B; the figure shows a single scheduling period, beginning with transmission of the MSCH, which indicates the scheduling of all E-MBMS services and the (MBSFN) MCCHs.
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Figure 1: Multiplexing of MCCHs
For the remainder of this document, we will take the cell of Figure 1 as a running example.

The cell’s involvement in these two MBSFN areas is indicated in the system information, along with IDs allowing the UE to receive scheduling information for the MCCHs.  The acquisition process for two UEs (one interested in a service from group A, the other in a service from group B) is shown in Figure 2 (overleaf).
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Figure 2: Acquiring MBMS services
Note that the portions of the MSCH that schedule MBSFN traffic can themselves be delivered as MBSFN transmissions, so that from the BCCH onward the procedure of Figure 2 has the benefit of MBSFN combining.  This can only work if the MSCH is coded separately for each MBSFN area in the cell—in the example, group A needs to be coded separately from group B—which could be viewed either as multiple MSCHs or as multiple transport blocks on a single MSCH.

2.2. MCCH contents and effect on UE duty cycle
Of course, the UE needs to reread the MCCH (and therefore has its duty cycle affected by the MCCH) only when the MCCH contents change.  Typically, the change in a service from one scheduling period to the next would be only in which resources are allocated to it, but this information is conveyed on the MSCH.  In such a situation the UE avoids reading the MCCH entirely, as shown in Figure 3.
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Figure 3: Reading in successive scheduling periods without MCCH change
With resource allocation taking place on the MSCH, the MCCH only needs to carry such data as bearer configurations, the mapping of MBMS service IDs to the short IDs used on the MSCH, and per-cell information such as MBSFN area IDs and neighbouring cell configurations.  This information should be nearly static in most cases, and therefore rereading of the MCCH should be infrequent for any given UE.  Indeed, MCCH activity is probably dominated by rereading due to change of cell rather than due to a change of service configuration.  As there are many other burdens on the UE at a cell change, the burden associated with reading the MCCH(s) in this case should not be terribly significant.
Of course, the UE does need to read periodically to check for a change indication.  This flag should be part of a small message that always heads the MCCH in each scheduling period, and ideally that fits easily in one subframe, so that in each scheduling period the UE only needs to wake up for one subframe per MCCH (Figure 4).
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Figure 4: Duty cycle in a scheduling period without MCCH change
Alternative mechanisms are imaginable (such as change indications in-band in the previous scheduling period), but it is not obvious that the gains would justify the complexity.

Where there are multiple MCCHs in a cell, this behaviour would mean that the UE needed to wake up for one subframe per MCCH, per scheduling period, to check change indications.  Considering that the scheduling period is presumably relatively long (e.g. 500-1000 ms), and that the number of MBSFN areas in a single cell is unlikely to be very large, this burden does not seem unreasonable.  It might be desirable for network implementations to attempt to minimise the “on-off-on-off” transitions in cells with many MCCHs by clustering all the change indications together (since there is no obvious reason why a single MCCH needs to be scheduling in contiguous subframes), but this is an optimisation for implementations rather than a matter for specification.
3. Conclusion

Based on the foregoing analysis, we conclude that the MCCH should have the following properties:

· One MCCH per MBSFN area in the cell;

· No “master” or “primary” MCCH;

· Dynamic scheduling data carried on MSCH rather than MCCH;

· Change indication in a small, separately coded unit, transmitted at the beginning of each MCCH in each scheduling period.

