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1
Introduction
At RAN3#85, the scenarios and potential solutions for eMBMS congestion management for Group Calls for Public Safety services were discussed, and the outcome of these discussions was documented in [R3-141974], and it was clear that more details needed to be provided on many of the solutions in order to allow us to make some decisions. 

The aim of the present contribution is to propose a solution (based on Solution 2bis from [1].
2
Basic functional concept proposed
The figure below shows the basic functions and signalling flow needed, with further descriptions below that. 
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Figure 1: Signalling flow for PTM suspension (new components in red)
“PTM suspension and switch to unicast” signalling flow
1. MBMS Service Counting procedure is ongoing as normal. 
a. Vodafone believe that it would be useful for the MCE to know the numbers of users interested in each TMGI on a per cell basis within the MBSFN, because this would help the MBSFN in making a decision about which talk groups to suspend.
2. eNode B reports the MBSFN subframe utilization. This could be event-triggered (i.e. with a “load above threshold” or “load below threshold” configured by MCE), or periodic. The threshold could be set “per-MBSFN subframe reserved” (including the last reserved subframe), and contain a “list of active TMGIs” (TMGIs with data scheduled to be sent).

3. On receiving reports where the MCE understands the load to be above a threshold, the MCE may decide that one or more MBMS PTM bearers should be suspended. To decide which bearers to suspend it may look at QCI and ARP information, as well as the “MBMS Service Counting reports for each TMGI/cell received from the eNode B.

a. NOTE: If the MCE joins the IP multicast group and thus receives the PTM user plane data, this may help it select the point in time that the bearer should be suspended.

4. After deciding which MBMS PTM bearer(s) to suspend, the MCE indicates in the MBMS SCHEDULING INFORMATION message to each eNode B it controls within the MBSFN area, that the PTM bearer is stopped.

a. Vodafone proposes that this indication should include information on whether the bearer should be switched to unicast. 

b. Vodafone proposes to also include information whereby the MCE can indicate to the eNode B instance in time when it should “stop” the MTCH on the radio interface.
5. At the defined time (e.g. start of next scheduling period for the MCH), the eNode B indicates on the air interface via a newly defined value of the “Stop MTCH” field in the MAC: MSI message, that the bearer is to be switched to unicast mode of operation.
a. Note that the eNode B would also remove the corresponding TMGI from the “MCCH notification” message when next transmitted (as today).

6. On receiving the MSI message, each UE requests GCS AS to provide the impacted service via unicast.

“PTM resumption and switch from unicast” signalling flow
The approach for “resuming” PTM would be similar:
1. Based on counting information and/or load reports from eNode B indicating that the load has gone below a threshold, the MCE may decide to resume the PTM service for one or more PTM bearers.

2. The MCE indicates this to the eNode B using the existing MBMS SCHEDULING INFORMATION message to order the eNode B to resume PTM operation for the indicated bearer(s).

3. The eNode B then includes the TMGI in the MCCH notification message at the next instance in which it is transmitted.
4. On receiving the MCCH, each UE interested in this group informs the GCS AS that it no longer needs unicast operation, and starts to monitor its MTCH.

3
Analysis of the proposed approach

PROS:

1. Minimal disruption to service.
2. Minimal additional overhead on the radio interface.

3. The functional split of existing MBMS is maintained, and can also be used for other MBMS services if required.
4. The load situation is resolved quickly, minimising further MBMS service disruption in the eNode B.

5. Very limited impact on specifications of other 3GPP groups.

CONS:
1. There are changes to the radio protocol - although very minor (and similar to the current scheduling functionality). Also it does not impact ASN.1 freezing.
2. Depending on the MSI behaviour, the MSI containing the “stop MTCH” with the new value may not be able to contain data for this MTCH, which may mean that one voice packet may get dropped by the eNode B. 
The following are not considered as CONS by Vodafone:

1. For TMGIs with groups multiplexed into a single PTM bearer, there may be less flexibility for the system to modify bearers rather than suspending them from PTM altogether, but this is why we have defined the system to allow for separate bearers, so no need to invent another solution.
2. For distributed MCE this may not work, but the centralised MCE was defined exactly because it was intended to coordinate the MBSFN, so we should not invent another alternative solution.

4
Possible extension of solution to other use cases for MBMS operational failure

Within the work item there are other potential failure scenarios for eMBMS covered, such as actions based on SYNC failure, or actions based on eNode B hardware failure of eMBMS operational resources.

It would seem that the solution in section 2 of this document could be extended to cover these cases, by modifying the message sent from eNode B to MCE and defining a different event trigger, for example “SYNC failure detected for MTCH” or “MCH failure due to hardware issues”.

5
Proposed way forward

The following is proposed as a way forward:

· Agree the proposed solution in this document as a valid potential solution for the Work Item

· Liaise with SA2 and RAN2 to ask them to review this solution.

· Review the provided Change Requests that add this functionality.
6
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Annex: “Example” specification changes for proposed solution

<<Changes to TS 36.443 enhance MBMS counting>>
8.11
MBMS Service Counting 
8.11.1
General

The purpose of the MBMS Service Counting procedure is to request the eNB to report the number of connected mode UEs that either are receiving the MBMS service(s) or are interested in the reception of the MBMS service(s).

The procedure uses non MBMS-Service-associated signalling.

8.11.2
Successful Operation
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Figure 8.11.2-1. MBMS Service Counting procedure. Successful operation.
The MCE initiates the procedure by sending the MBMS SERVICE COUNTING REQUEST message to the eNB.
After receiving the MBMS SERVICE COUNTING REQUEST message successfully, the eNB shall respond the MCE with the MBMS SERVICE COUNTING RESPONSE message.

8.11.3
Unsuccessful Operation
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Figure 8.11.3-1. MBMS Service Counting procedure. Unsuccessful operation.

If the eNB is not capable of correctly processing the request, it shall return a MBMS SERVICE COUNTING FAILURE message.
8.11.4
Abnormal Conditions

If the eNB has received a MBMS SERVICE COUNTING REQUEST message for a MBSFN Area ID and MCCH Update Time pair, the eNB shall ignore subsequent MBMS SERVICE COUNTING REQUEST messages containing the same MBSFN Area ID and MCCH Update Time, and a different MBMS Counting Request Session IE.

8.12
MBMS Service Counting Results Report 
8.12.1
General

The purpose of the MBMS Service Counting Results Report procedure is for the eNB to provide the counting results to the MCE.

The procedure uses non MBMS-Service-associated signalling.

8.12.2
Successful Operation
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Figure 8.12.2-1. MBMS Service Counting Results Report procedure. Successful operation.

The eNB initiates the procedure by sending an MBMS SERVICE COUNTING RESULTS REPORT message.
The MBMS SERVICE COUNTING RESULTS REPORT message contains the counting results according to the counting configuration in the respective MBMS SERVICE COUNTING REQUEST message.
If the MBMS SERVICE COUNTING REQUEST message contained a Per-Cell Count, then the MBMS SERVICE COUNTING RESULTS REPORT message shall additionally provide counting results individually for each cell within the requested MBSFN area.
8.12.3
Abnormal Conditions

If, for a given MBSFN area, the MBMS SERVICE COUNTING RESULTS REPORT message contains one or more TMGIs corresponding to the configuration of one MBMS SERVICE COUNTING REQUEST message and some other TMGIs not part of this configuration, the MCE shall ignore the result corresponding to those other TMGIs.

-- **************************************************************

--

-- MBMS SERVICE COUNTING REQUEST

--

-- **************************************************************

MbmsServiceCountingRequest ::= SEQUENCE {


protocolIEs


ProtocolIE-Container
{{MbmsServiceCountingRequest-IEs}},


...

}

MbmsServiceCountingRequest-IEs M2AP-PROTOCOL-IES ::= {


{ ID id-MCCH-Update-Time





CRITICALITY reject
TYPE MCCH-Update-Time



PRESENCE mandatory }|


{ ID id-MBSFN-Area-ID






CRITICALITY reject
TYPE MBSFN-Area-ID




PRESENCE mandatory }|


{ ID id-MBMS-Counting-Request-Session


CRITICALITY reject
TYPE MBMS-Counting-Request-Session
PRESENCE mandatory },


...

}

MBMS-Counting-Request-Session ::= SEQUENCE (SIZE(1.. maxnoofCountingService)) OF ProtocolIE-Container { { MBMS-Counting-Request-Session-Item } }

MBMS-Counting-Request-Session-Item M2AP-PROTOCOL-IES ::= { 


{ ID id-MBMS-Counting-Request-Session-Item
CRITICALITY reject
TYPE MBMS-Counting-Request-SessionIE

PRESENCE mandatory },


...

}

MBMS-Counting-Request-SessionIE ::= SEQUENCE{


tmgi




TMGI,


iE-Extensions


ProtocolExtensionContainer { { MBMS-Counting-Request-SessionIE-ExtIEs} } OPTIONAL,


...

}

MBMS-Counting-Request-SessionIE-ExtIEs M2AP-PROTOCOL-EXTENSION ::= {


{ ID id-PerCellCount






CRITICALITY ignore
TYPE PerCellCount
PRESENCE optional },
...

}

-- **************************************************************

--

-- MBMS SERVICE COUNTING RESPONSE

--

-- **************************************************************

MbmsServiceCountingResponse ::= SEQUENCE {


protocolIEs

ProtocolIE-Container

{{MbmsServiceCountingResponse-IEs}},


...

}

MbmsServiceCountingResponse-IEs M2AP-PROTOCOL-IES ::= {


{ ID id-CriticalityDiagnostics

CRITICALITY ignore
TYPE CriticalityDiagnostics


PRESENCE optional },


...

}

-- **************************************************************

--

-- MBMS SERVICE COUNTING FAILURE

--

-- **************************************************************

MbmsServiceCountingFailure ::= SEQUENCE {


protocolIEs

ProtocolIE-Container

{{ MbmsServiceCountingFailure-IEs}},


...

}

MbmsServiceCountingFailure-IEs M2AP-PROTOCOL-IES ::= {


{ ID id-Cause







CRITICALITY ignore
TYPE Cause






PRESENCE mandatory}|


{ ID id-CriticalityDiagnostics



CRITICALITY ignore
TYPE CriticalityDiagnostics


PRESENCE optional},


...

}

-- **************************************************************

--

-- MBMS SERVICE COUNTING RESULTS REPORT

--

-- **************************************************************

MbmsServiceCountingResultsReport ::= SEQUENCE {


protocolIEs


ProtocolIE-Container

{{ MbmsServiceCountingResultsReport-IEs}},


...

}

MbmsServiceCountingResultsReport-IEs M2AP-PROTOCOL-IES ::= {


{ ID id-MBSFN-Area-ID




CRITICALITY reject
TYPE MBSFN-Area-ID





PRESENCE mandatory}|


{ ID id-MBMS-Counting-Result-List

CRITICALITY reject
TYPE MBMS-Counting-Result-List


PRESENCE mandatory},


...

}

MBMS-Counting-Result-List ::= SEQUENCE (SIZE(1.. maxnoofCountingService)) OF ProtocolIE-Container { { MBMS-Counting-Result-Item } }

MBMS-Counting-Result-Item M2AP-PROTOCOL-IES ::= { 


{ ID id-MBMS-Counting-Result-Item

CRITICALITY reject
TYPE MBMS-Counting-Result

PRESENCE mandatory },


...

}

MBMS-Counting-Result ::= SEQUENCE{


tmgi



TMGI,


countingResult

CountingResult,


iE-Extensions

ProtocolExtensionContainer { { MBMS-Counting-Result-ExtIEs} } OPTIONAL,


...

}

MBMS-Counting-Result-ExtIEs M2AP-PROTOCOL-EXTENSION ::= {


Counting-Result-Per-Cell-List ::= SEQUENCE (SIZE(1.. maxnoofCells)) OF ProtocolIE-Container { { Counting-Result-Per-Cell-item } }

Counting-Result-per-Cell-Item M2AP-PROTOCOL-IES ::= { 


{ ID id- Counting-Result-Per-Cell-Item

CRITICALITY ignore
TYPE Counting-Result-Per-Cell

PRESENCE mandatory },
Counting-Result-Per-Cell ::= SEQUENCE{


EUTRA Cell-ID

EUTRA Cell-ID,


countingResult

CountingResult,


iE-Extensions

ProtocolExtensionContainer { { MBMS-Counting-Result-ExtIEs} } OPTIONAL,

...

}

CountingResult ::= INTEGER (0..1023)

END
<<Changes to TS 36.443 add new MBSFN subframe utilization reporting AND enhanced Session Suspension procedure>>
8.4
MBMS Scheduling Information

8.4.1
General

The purpose of the MBMS Scheduling Information Procedure is to provide MCCH related information to the eNB.

The procedure uses non MBMS-Service-associated signalling.

8.4.2
Successful Operation
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Figure 8.4.2-1. MBMS Scheduling Information procedure. Successful operation.

The MCE initiates the procedure by sending the MBMS SCHEDULING INFORMATION message to the eNB. If PMCH configuration information is contained in this message (except if it is in the MBMS Session List Removed item IE), the eNB shall do PMCH transmission according to the PMCH configuration information. If PMCH configuration information for an existing PMCH is not contained in this message, the eNB should stop PMCH transmission for the PMCH. If the MBMS Session List Removed item IE is present, the eNode B should indicate this information in the MBMS Scheduling Iinformation at the SFN provided. If the Subframe Utilization Request Item IE is present, the eNB shall apply the event reporting configuration. The eNB shall store the MBSFN Area Configuration Item IE, and apply the MCCH update from the modification period defined in the MCCH Update Time IE. The eNB shall schedule the MBMS services in the MCCH according to the order defined in the MBMS Session List per PMCH IE.
8.4.3
Abnormal Conditions

Void.

8.4
MBMS Subframe Utilization Reporting
8.4.1
General

The purpose of the MBMS Subframe Utilization Reporting Procedure is to report when the MBMS subframe utilization for a particular PMCH goes above or below a load threshold.

The procedure uses non MBMS-Service-associated signalling.

8.4.2
Successful Operation
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Figure 8.4.2-1. MBMS Subframe Utilizatiion Reporting procedure. Successful operation.

The MCE initiates the procedure by sending the MBMS SUBFRAME UTILIZATION REPORT message to the MCE when the load of a particular MCH goes above the value of Load Threshold IE OR below value of “Load Threhsold - Hysteresis” where Load Threshold IE and Hysteresis IE are both configured in the MBMS SCHEDULING INFORMATION message. The PMCH load is defined as the load of the lowest loaded subframe that contains scheduled PMCH resource (assuming that the eNB will attempt to fill up each subframe one-by-one).
The eNB shall report the following:

· If the load has gone above the Load Threshold, the eNB shall report “High”, and the list of TMGIs for which data is currently scheduled (need to define measurement period). In addition the eNB shall report the list of active TMGIs, indicating the list of active TMGIs on the PMCH.
· If the load has gone below “Load Threshold – Hysteresis”, the eNB shall report “Normal”.

8.4.3
Abnormal Conditions

Void.

------------------------

MBMS SCHEDULING INFORMATION

--

-- **************************************************************

MbmsSchedulingInformation ::= SEQUENCE {


protocolIEs                     ProtocolIE-Container       {{ MbmsSchedulingInformation-IEs}},


...

}

MbmsSchedulingInformation-IEs M2AP-PROTOCOL-IES ::= {


{ ID id-MCCH-Update-Time




CRITICALITY reject
TYPE MCCH-Update-Time





PRESENCE mandatory }|


{ ID id-MBSFN-Area-Configuration-List

CRITICALITY reject
TYPE MBSFN-Area-Configuration-List


PRESENCE mandatory },


...

}

MBSFN-Area-Configuration-List ::= SEQUENCE (SIZE(1.. maxnoofMBSFNareas)) OF ProtocolIE-Container { { MBSFN-Area-Configuration-Item } }

MBSFN-Area-Configuration-Item M2AP-PROTOCOL-IES ::= {


{ ID id-PMCH-Configuration-List



CRITICALITY reject
TYPE PMCH-Configuration-List



PRESENCE mandatory }|


{ ID id-MBSFN-Subframe-Configuration-List
CRITICALITY reject
TYPE MBSFN-Subframe-ConfigurationList

PRESENCE mandatory }|


{ ID id-Common-Subframe-Allocation-Period
CRITICALITY reject
TYPE Common-Subframe-Allocation-Period

PRESENCE mandatory }|


{ ID id-MBSFN-Area-ID





CRITICALITY reject
TYPE MBSFN-Area-ID






PRESENCE mandatory },


...

}

PMCH-Configuration-List ::= SEQUENCE (SIZE(0.. maxnoofPMCHsperMBSFNarea)) OF ProtocolIE-Single-Container { { PMCH-Configuration-ItemIEs } }

PMCH-Configuration-ItemIEs M2AP-PROTOCOL-IES ::= {


{ ID id-PMCH-Configuration-Item
 CRITICALITY reject
TYPE PMCH-Configuration-Item
PRESENCE mandatory },


...

}

PMCH-Configuration-Item ::= SEQUENCE {


pmch-Configuration



PMCH-Configuration,


mbms-Session-List



MBMSsessionListPerPMCH-Item,


iE-Extensions




ProtocolExtensionContainer { { PMCH-Configuration-ItemExtIEs} } 

Subframe-Utilization-Request
Subframe-Utilization-Request-Item


OPTIONAL,


...

}

PMCH-Configuration-ItemExtIEs M2AP-PROTOCOL-EXTENSION ::= {


...

}

MBSFN-Subframe-ConfigurationList ::= SEQUENCE (SIZE(1.. maxnoofMBSFN-Allocations)) OF ProtocolIE-Single-Container { { MBSFN-Subframe-ConfigurationItem } }

MBSFN-Subframe-ConfigurationItem M2AP-PROTOCOL-IES ::= {


{ ID id-MBSFN-Subframe-Configuration-Item

CRITICALITY reject
TYPE MBSFN-Subframe-Configuration

PRESENCE mandatory },
MBMSsessionListRemovedPerPMCH-Item ::= SEQUENCE (SIZE(1..maxnoofSessionsPerPMCH)) OF SEQUENCE {


tmgi






TMGI,


lcid






LCID,

Timestamp





Timestamp

iE-Extensions




ProtocolExtensionContainer { { MBMSsessionListPerPMCH-Item-ExtIEs} } OPTIONAL
Timestamp::= INTEGER (0..4095)
MBSFN-Subframe-Configuration ::= SEQUENCE {


radioframeAllocationPeriod

ENUMERATED {n1, n2, n4, n8, n16, n32},


radioframeAllocationOffset

INTEGER (0..7),


subframeAllocation



CHOICE {



oneFrame





BIT STRING (SIZE (6)  ),



fourFrames





BIT STRING (SIZE (24) ) },


iE-Extensions




ProtocolExtensionContainer { { MBSFN-Subframe-Configuration-ExtIEs} } OPTIONAL,


...

}

MBSFN-Subframe-Configuration-ExtIEs M2AP-PROTOCOL-EXTENSION ::= {

Subframe-Utilization-Request-Item ::= SEQUENCE {

Load-level-threshold


Load-level-threshold
...

Hysteresis





Hysteresis
Load-level-threshold::= INTEGER (50..100)
Hysteresis::= INTEGER (10…50)
}

-- **************************************************************

--

-- MBMS SCHEDULING INFORMATION RESPONSE

--

-- **************************************************************

MbmsSchedulingInformationResponse ::= SEQUENCE {


protocolIEs                     ProtocolIE-Container       {{ MbmsSchedulingInformationResponse-IEs}},


...

}

MbmsSchedulingInformationResponse-IEs M2AP-PROTOCOL-IES ::= {


{ ID id-CriticalityDiagnostics



CRITICALITY ignore
TYPE CriticalityDiagnostics


PRESENCE optional },


...

}

-- **************************************************************

--

-- MBMS SUBFRAME UTILIZATION REPORT
--

-- **************************************************************

MbmsSubframeUtilizationReport ::= SEQUENCE {


protocolIEs                     ProtocolIE-Container       {{ MbmsSubframeUtilizationReport -IEs}},


...

}

MbmsSubframeUtilizationReport -IEs M2AP-PROTOCOL-IES ::= {


{ ID id-CriticalityDiagnostics



CRITICALITY ignore
TYPE CriticalityDiagnostics


PRESENCE optional },

Subframe-Utilization-reporting-Item ::= SEQUENCE {


NumberOfSubframes-active

NumberOfSubframes-active

Threshold ::= CHOICE {


High






High,


Normal






Normal,

MBMSsessionActive-Item ::= SEQUENCE (SIZE(1..maxnoofSessionsPerPMCH)) OF SEQUENCE {



tmgi





TMGI


OPTIONAL
NumberOfSubframes-used::= SEQUENCE
<<Example impacts to RAN2 specs (36.321)>>
6.1.3.7
MCH Scheduling Information MAC Control Element

The MCH Scheduling Information MAC Control Element illustrated in Figure 6.1.3.7-1 is identified by a MAC PDU subheader with LCID as specified in Table 6.2.1-4. This control element has a variable size. For each MTCH the fields below are included:

-
LCID: this field indicates the Logical Channel ID of the MTCH. The length of the field is 5 bits;

-
Stop MTCH: this field indicates the ordinal number of the subframe within the MCH scheduling period, counting only the subframes allocated to the MCH, where the corresponding MTCH stops. Value 0 corresponds to the first subframe. The length of the field is 11 bits. The special Stop MTCH value 2047 indicates that the corresponding MTCH is not scheduled. The special Stop MTCH value 2046 indicates that the corresponding MTCH is suspended. The value range 2043 to 2045 is reserved.
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Figure 6.1.3.7-1: MCH Scheduling Information MAC control element
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