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1 Introduction

Self-Organizing Networks (SON) enhancements allow dynamic deployment changes thanks to wider usage of Active Antenna Systems (AAS). AAS reconfiguration, based e.g. on OAM control or on distributed eNB-based logic, may include automatic cell splitting/merging/shaping, possibly even reusing PCIs between old and newly activated cells (albeit with solutions to avoid PCI ambiguities), and dynamically activating/deactivating cells [1]. Energy saving scenarios might present some similarities with the situation above.
In case MBMS services are provisioned, if one or more cells in the MBSFN area are dormant they will not participate in the MBSFN transmission, thus degrading MBMS coverage. If MBSFN measurements are configured, the corresponding results may cause misconfigurations of the MBSFN area when the MCE bases its MCS selection on them. It seems beneficial, therefore, that the MCE should be aware of the state of the cells in the MBSFN area (particularly for the case of centralized MCE architecture).
This issue was briefly discussed at RAN3 #87bis [4]
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[5] and it was decided to continue the discussion within the topic of Rel-13 technical improvements, by better defining the scenario and the potential problems (if any).
2 Discussion
2.1 Cell Activation/Deactivation and the MCE

In SON, the process of activating/deactivating cells is kept among the eNBs [2], so all cells supported by the eNB are normally considered active to an external node: therefore, the issue of how to notify the MCE of dormant or reactivated cells needs to be considered.

It was pointed out [5] that the M2 eNB Configuration Update procedure can be used to notify the MCE of cell deactivation/activation (by including the E-UTRAN CGI IE or the eNB MBMS Configuration data Item IE, respectively, in the eNB MBMS Configuration data per cell IE in the eNB CONFIGURATION UPDATE message).The current M2AP in fact specifies that [6]:
-
If the eNB includes the E-UTRAN CGI IE for a cell within the ENB CONFIGURATION UPDATE message, the MCE shall assume that the eNB does neither broadcast MCCH related configuration in the BCCH nor any MBMS service data in that cell any more.

-
If the eNB includes the eNB MBMS Configuration data Item IE for a cell within the ENB CONFIGURATION UPDATE message, the MCE may decide to include in the ENB CONFIGURATION UPDATE ACKNOWLEDGE message the MCCH related BCCH configuration for the related MBSFN area(s).

The MCE acknowledges the update in the eNB CONFIGURATION UPDATE ACKNOWLEDGE message.
Observation 1: The eNB may use the current M2 eNB Configuration Update procedure to notify the MCE of cell deactivation/reactivation.
Notice, however, that this “baseline” approach may not be optimal. Each change in cell state is interpreted by the MCE as an update in the configuration of MBMS service areas and MBSFN synchronization area [6]. But this was due to the SON function, not because of a change in configuration (e.g. from the eNB OAM). This interaction may cause mismatches in the stored states in the different network nodes.
Observation 1bis: It seems more appropriate for the MCE to know that an eNB cell may be switched on or off without assuming that the static MBSFN configuration has changed.
Notice that this seems to affect only the centralized MCE architecture: in case of distributed MCE architecture, the MCE function co-located with the eNB is capable of being aware that the changes are due to SON.
Observation 2: The issues above seem to affect only the centralized MCE architecture.
One convenient way to address these issues is to define an “MBSFN area supporting cell”, which participates in MBSFN transmission but can be dormant. The MCE would know that changes in state of an MBSFN area supporting cell do not necessarily mean changes in MBSFN configuration.
Proposal 2: It is beneficial to introduce the concept of “MBSFN area supporting cell”; such a cell participates in MBSFN transmission but can be in a dormant state, and changes in its state do not necessarily reflect changes in the MBSFN configuration.
The concept of MBSFN area supporting cells also allows further energy saving: such a cell would not transmit synchronization signals, cell-specific reference signals, system information, etc., but would only populate the MBSFN subframes.
Observation 3: Introducing MBSFN area supporting cells would also allow further energy saving.
2.2 Impact on SON functionality

In order to allow SON and MBSFN area configuration to work in synergy, some restrictions in SON functionality may be necessary. Sufficient knowledge of the cells actively participating in MBSFN transmission is essential.
MBSFN area reserved cells neither transmit MBMS related system information nor do they participate in the MBSFN transmission. Therefore, they are typically only deployed at the MBSFN area border in order to protect the MBSFN signal from interference caused by cells that are adjacent to the MBSFN area. MBSFN area reserved cells do not contribute to the MBSFN transmission, so they can be deactivated by SON with no impact on MBSFN signal quality. If MBSFN area reserved cells are dormant, they will still serve as a sort of buffer zone, protecting the MBSFN signal from neighbor MBSFN areas or neighbor cells carrying unicast transmissions in the subframes that are used for MBSFN transmission in the MBSFN area.

Observation 4: It is possible (and beneficial) to deactivate, if feasible according to SON logic, an MBSFN area reserved cell.
In SON, redundant cells can be deactivated if sufficient coverage can be provided by neighbor cells. Cells can also be deactivated and replaced by multiple cells (splitting) or replaced by fewer cells (merging) to optimize coverage and capacity. In unicast mode, this can easily be achieved by adaptive antenna reconfigurations, beam forming, link adaptation, etc. However, deactivating a cell that is currently participating in an MBSFN transmission cannot be dynamically compensated.

Observation 5: Deactivating a cell that is currently participating in an MBSFN transmission, will typically degrade the MBSFN signal.

2.3 Signaling Cell State over M2
The eNB MBMS Configuration Data Item IE signaled in the M2 SETUP REQUEST and eNB CONFIGURATION UPDATE messages can be extended to signal cell activity information, e.g. whether sleep mode is supported in a cell (such a cell can be activated/deactivated dynamically), and if so, whether the cell is active or dormant. It would also be possible that deactivated cells participate in MBSFN transmissions only (i.e. they would be MBSFN area supporting cells), in order to achieve the wanted MBSFN signal strength required by the MCE. In that case, the MCE would understand that those cells are deactivated and not visible toward the UEs (i.e. not carrying cell-specific reference signals or system information). The MCE would also consider that no MBSFN measurements could be matched to those cells in the measurement report as the UE would not receive the corresponding ECGI information unless detailed locationInfo is provided in the measurement report.

Proposal 3: Extend the eNB MBMS Configuration Data Item IE with cell activity state information in the Cell Activity State IE.

2.3.1 Dynamic SON Configuration in a statically configured MBSFN Area

In order not to reconfigure the MBSFN area upon each SON reconfiguration, it is in principle sufficient to inform the MCE only once about cells that can be deactivated. A Sleep Mode Supported IE can be defined for this purpose. With this information the MCE can select the MCS for the worst case, i.e. in case all cells supporting sleep mode are in dormant state during MBSFN transmission.

However, for MBSFN measurements, it would be important for the MCE to know which cells within the MBSFN area were active and which ones were dormant to verify the MBSFN signal quality. Therefore, it seems beneficial that the MCE can initialize and stop cell activity state updates from the eNBs. As such knowledge is not needed for dynamic reconfigurations, it would be sufficient to log such information in the eNB when initialized and send the cell activity states over time only at the end of such a measurement period, i.e. when the MCE stops the cell activity logging. In order to avoid frequent signaling via M2, cell activity state information could be collected in the eNBs and sent to the MCE in a single message at a later stage when requested.
The MCE CONFIGURATION could be extended to initialize/stop the cell activity logging, but as it typically implies changes on MCCH related BCCH and would require redundant transmission of information, it seems more appropriate to introduce a new message procedure similar as the MBMS COUNTING procedure. Two procedures can be introduced, one to request/initiate the Cell Activity Logging sent from MCE to eNB and one to request the Cell Activity Logging Result. In this message, the MCE can ask the eNB to reset and continue or to stop the logging.
Proposal 4: Introduce a new Cell Activity Logging procedure sent from MCE to eNB to initiate the logging and request the cell activity logging. 
Another option would be to introduce the concept of advertising, but non-supporting MBSFN area reserved cells, meaning that cells that support the sleep mode would not participate in the MBSFN transmission even if the cell was active. However, in order to ensure MBMS service continuity, the eNB would have to advertise MBMS availability and send MCCH related BCCH information, i.e. SIB13, see also [3]. This option would allow the cell to remain silent during the MBSFN transmissions and thus sleep and save energy in such MBSFN subframes. Furthermore, this option allows for more stable MBSFN measurements in the sense that the MCE does not have to take into account cell activity changes in the MBSFN area and thus, this would simplify the evaluation of the MBSFN measurements and potential MBSFN area reconfigurations.
Proposal 5: Extend the MCE CONFIGURATION UPDATE to configure advertising, but non-supporting MBSFN area reserved cells.
2.3.2 Updating MBSFN Area Configuration due to SON

If the operator wants to update the MBSFN area configuration upon any changes caused by SON, both the Sleep Mode Supported IE and Cell Activity State IE need to be signaled to the MCE. However, increasing transmission robustness for all MCHs could result in more allocated radio resources and more information changes on SIB2. On the other hand, it would be possible to allocate MBSFN subframes according to the worst case, and reconfiguration with less robust MCS would then allow TM9/10 UEs to reuse unused MBSFN subframes.

Proposal 6: Extend the eNB MBMS Configuration Data Item IE with information on whether sleep mode is supported (Sleep Mode Supported IE).

2.4 Layered Sets of Cells

An arbitrary activation/deactivation of cells will increase decision complexity for the MCE and might result in MBSFN coverage holes. It may be beneficial to allow one or more sets of cells to be deactivated through a configuration option. With such preconfigured sets of cells it may be simpler for the MCE to select a set of MCSs for the MCHs. There might be different sets of cells belonging to different “sleep group levels” to be deactivated at different stages according to e.g. an “Allowed Sleep Level” selected by the MCE.

The eNB may request the MCE to increase the allowed sleep level, in order to achieve that the MCE selects a more robust MCS for the MBSFN transmissions. If the MCE receives sufficient requests from the eNBs, the MCE may decide to reconfigure the MBSFN areas. After the reconfiguration, it may grant the eNB to activate/deactivate the cells corresponding to sleep group levels lower or equal to the allowed sleep level dynamically. For example, if the allowed sleep level is 2, SON is allowed to dynamically activate or deactivate all cells belonging to sleep group levels 0, 1, and 2.

Such requests are typically based on the load situation. With less unicast traffic, it would also be acceptable to allocate more MBSFN subframes (using a more robust MCS, resulting in smaller transport block sizes) for the MBMS transmissions in all cells.

The Allowed Sleep Level could alternatively be replaced with “system load level” or similar. The Allowed Sleep Level could be signaled in the MCCH related BCCH Configuration Item IE, sent from the MCE to the eNB in the M2 SETUP RESPONSE, ENB CONFIGURATION UPDATE ACKNOWLEDGE and in the MCE CONFIGURATION UPDATE messages.

Proposal 7: Extend the MCCH related BCCH Configuration Item IE with the Sleep Group Level and the Allowed Sleep Level IEs.
Proposal 8: The number of available sleep levels is FFS (8 could be an acceptable number), and the conditions for their activation/deactivation could be left to implementation.
It could be beneficial for the eNB to request a change in sleep level. For example, by signaling that a lower sleep level is desired, such that more cells can participate in MBSFN transmission, enabling a less robust MCS to be selected by the MCE resulting in larger transport block sizes and eventually freeing up resources for unicast.

Proposal 9: Extend the eNB MBMS Configuration Data Item IE, signaled in the eNB CONFIGURATION UPDATE message, with the Cell Activity State and the Change Sleep Level IEs signaling, respectively, the current and desired sleep level for the given cell.
3 Conclusions and Proposals
In case MBMS services are provisioned in a network subject to cell reconfigurations due to SON, in order to avoid suboptimal performance and/or resource waste it may be necessary to consider interactions between cell activation/deactivation and MBSFN area configuration. We propose possible extensions to the M2AP protocol so that the MCE can exchange the appropriate information. Our proposals are summarized below.
Proposal 2: It is beneficial to introduce the concept of “MBSFN area supporting cell”; such a cell participates in MBSFN transmission but can be in a dormant state, and changes in its state do not necessarily reflect changes in the MBSFN configuration.

Proposal 3: Extend the eNB MBMS Configuration Data Item IE with cell activity state information in the Cell Activity State IE.

Proposal 4: Extend the MCE CONFIGURATION UPDATE to initialize/stop cell activity logging and to request cell activity states over time in order to avoid frequent signaling via M2.

Proposal 5: Extend the MCE CONFIGURATION UPDATE to configure advertising, but non-supporting MBSFN area reserved cells.
Proposal 6: Extend the eNB MBMS Configuration Data Item IE with information on whether sleep mode is supported (Sleep Mode Supported IE).

Proposal 7: Extend the MCCH related BCCH Configuration Item IE with the Sleep Group Level and the Allowed Sleep Level IEs.
Proposal 8: The number of available sleep levels is FFS (8 could be an acceptable number), and the conditions for their activation/deactivation could be left to implementation.
Proposal 9: Extend the eNB MBMS Configuration Data Item IE, signaled in the eNB CONFIGURATION UPDATE message, with the Cell Activity State and the Change Sleep Level IEs signaling, respectively, the current and desired sleep level for the given cell.
In case the proposals above are agreeable, we will provide the M2AP CR.
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