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Abstract of the contribution:  The proposal that the area for MBMS broadcast may be specified by ECGI lists on the MB2-C interface is considered in respect of how this may affect downstream nodes and proposals are made with implications for RAN.
1.
Introduction
The proposal that the area for MBMS broadcast may be specified by ECGI lists on the MB2-C interface is discussed in this paper.  In particular, how this proposal may affect downstream nodes is investigated and proposals are made with implications for RAN.
Section 2 describes the background to the issue and the proposal that was made at a recent SA2 GCSE conference call.

Section 2.1 summarises the history behind the current proposal.

Section 2.2 summarises the actual proposal [1] made by Qualcomm in the conference call and highlights some problems that need to be addressed

Section 2.3 provides a re-cap of the relevant constraints imposed, by the current eMBMS standard, upon any solution to these problems.

Section 3 of this document discusses possible solutions to the problems.

Section 4 recommends a solution from those discussed in section 3 and makes some proposals to resolve the current situation.
2.
Background

2.1
History

The Vodafone CR (S2-141489) to TS 23.468, approved at SA2#102, required that “the signalling with network entities supporting MBMS may need to carry the MBMS service area description with the granularity of E-UTRAN Cell Identity (ECI) and/or larger areas.”.
An LS (S2-141508) pointing out this change was sent to RAN2. RAN2 responded with an LS which was treated at SA2#103 (S2-141559/R2-141826) pointing out that “Extending SAIs from 16 bits to 28bits would raise the issue of backwards compatibility as legacy UEs would not understand the new SAI value”. RAN2 said that they wished to minimise changes on the radio interface (Uu) and said that they would like to understand more about the reasoning behind the change.
At SA2#103, as a result of the LS from RAN2, the earlier change from Vodafone (S2-141489) was unapproved. A Qualcomm CR (S2-141816) and a CR from Vodafone (S2-141903) on the same topic were discussed but no agreement was reached.
A conference call was held on 18th June when Qualcomm made a proposal [1] that the GCS AS may request the activation area for multipoint delivery by specifying a list of E-UTRAN cell identities (ECGIs).
It is understood that Alcatel-Lucent will bring a CR to TS 23.468 [2] for agreement at SA2#104 proposing the use of ECGI lists in MB2-C messages.
2.2
Proposals for ECGI list defined activation areas
The basic elements of the Qualcomm proposal [1] which was presented to the conference call are:

1. The GCS AS collects the identity (ECI) of the cells where UEs interested in a service are located. The GCS AS accumulates counts of UEs per cell and decides to initiate GCS multipoint delivery in certain cells. 

2. The GCS AS indicates to the BM-SC over MB2 the ECI(s) where eMBMS transmission of the service should be made available based on the application counting.
3. The BM-SC will have been configured with a mapping between the MBMS SAIs and ECIs.
4. In the signalling over the SGmb/Sm/M3 interfaces from the BM-SC to the MCE (via the MME), and only for MBMS session start/update messages, allow a list of ECIs to be specified. The list of ECIs would be in addition to (or instead of) an MBMS Service Area (which is a list of SAI(s)). The list of ECI(s) should be interpreted by downstream nodes to mean that eMBMS transmission in at least those cells is required.
5. The MCE assigns the MBMS Session to one (or more) MBSFN Areas that will collectively cover all the cells addressed by the ECI list. The MCE already has the mapping of MBMS SAI(s) to ECGI(s). The MCE also has a mapping from an MBSFN Area to all eNBs/cells contributing to the MBSFN transmission in the MBSFN Area. The MCE sends M2 Session Start Request messages to all eNBs in the MBSFN area(s) to which the MBMS Session has been assigned.
6. No change to the length of the SAI is required.
7. Still allows each site to be its own MBSFN (as permitted by current 3GPP specifications).
It is unclear why the BM-SC needs to know the mapping between the MBMS SAI and ECGIs.
However, there are two elements of downstream mapping that are needed:

1. The BM-SC needs to know the contact details of the MBMS-GW / MME for the control plane (M3 interface) to the E-UTRAN MBMS nodes (MCE(s)) controlling the referenced cells.
2. The MME needs to be able to identify the MCE entities controlling the eNBs/cells referenced by the ECGIs.
There also remains the problem that the service delivery area can no longer be described by a list of one or more MBMS Service Area Identities (SAIs).
It is understood that the CR to TS 23.468 [2], for agreement at SA2#104, proposing the use of ECGI lists in MB2-C messages, further proposes that the MBMS system resolves the ECGI list to an intermediary SAI list before E-UTRAN maps this back to a list of cells.  It is believed that such an intermediate mapping to SAIs would negate much of the benefit gained by using the ECGI lists. See section 3.2 below for a discussion of this matter.
Before discussing possible solutions the following section summarises the eMBMS system context and constraints that need to be taken into account.
2.3
Constraints and implications of current MBMS standard in E-UTRAN/EPS
The following aspects of the MBMS standard as defined for E-UTRAN and the EPS place constraints on possible solutions:

· The MBMS Session Start Request currently contains a “MBMS Service Area” parameter.

· The MBMS Service Area comprises a list of MBMS Service Area Identities (SAIs).

· E-UTRAN (the eNBs) is semi-statically configured with a mapping between SAIs and ECGIs.

· An SAI refers to a list of cells (ECGIs).  An ECGI may be referenced by one or more SAIs.
· In the M2 SETUP message (eNB=>MCE) the MCE is informed by the eNB, per cell: the cell identity (ECGI), the MBSFN Synchronisation Area to which the cell belongs and a list of SAIs that refer to that cell.  The MCE can obviously calculate a reverse mapping, i.e. from SAI to eNB and ECGIs.
· The M2 eNB CONFIG UPDATE message (eNB=>MCE) may update the information supplied by the M2 SEUP message.

· The M3 SETUP message (MCE=>MME) provides the MME with a list of MBMS SAIs handled by the MCE.  Subsequently, given a list of SAIs the MME will know which MCEs to contact in order to start/stop transmission in all the cells referred to by those SAIs.
· Thus, with the current M2 SETUP and M3 SETUP messages the following mappings can be constructed:

· In the MME:  SAI => MCE.
· In the MCE: SAI => eNB/ECGI.

· In the MCE: ECGI => MBSFN Synchronisation Area.
· Thus, subsequent MBMS Session Start/Stop messages containing a list of SAIs, sent by the BM-SC to the MME, can be propagated down to all the necessary MCEs and then to all the necessary eNBs.

· MBMS user plane packets, for a set of MBMS Sessions, are transported on Physical Multicast Channels (PMCHs).  Each PMCH is semi-statically configured in the MCE to be mapped to an MBSFN Area.  The user plane packets carried by the PMCH are transmitted simultaneously by all cells configured to be part of the MBSFN area.

· Note: Even though there may only be interested UEs, for the MBMS Sessions broadcast, in some of the cells, all cells configured to be part of an MBSFN area must transmit the same MBMS user plane. 

· When configuring MBSFN areas, the MCE must follow the restriction that all cells associated with an MBSFN Area must belong to the same MBSFN Synchronisation Area.

· Note: In an E-UTRAN where the eNBs are not time synchronised the groups of cells provided by each eNB will effectively comprise separate MBSFN Synchronisation Areas.

· The M2 MCE CONFIG UPDATE message (MCE=>eNB) provides the following information, per MBSFN area, to the eNB: MBSFN Area ID, the MCCH configuration and a list of the cells contributing to the MBSFN transmission.

· Thus, the MCE stores the following mappings:

· MBMS Session  => PMCH.
· PMCH => MBSFN Area.
· MBSFN Area => eNB(s)/ECGI(s).

3.
Discussion of possible solutions
3.1
Use of ECGI lists on MB2-C interface
Currently, the MB2-C interface supports a request from a GCS AS for an MBMS bearer using a set of SAIs to describe the required service area. This method of defining the required service area is fine for relatively static applications such as broadcasting mobile TV where the required areas are geographically quite large.  However, when the required service areas are potentially quite small and the demand in any particular cell is likely to change quite dynamically then this approach will not permit efficient use of radio resources.
In the limiting case such a small broadcast area may be a single cell (referenced by an ECGI) or the cells controlled by a single eNB. In the case of an E-UTRAN where the eNBs are not time synchronised each set of cells controlled by a single eNB would comprise its own MBSFN Synchronisation Area. The largest extent of any MBSFN Area would in this case be the cells controlled by the hosting eNB.

For the GCS AS to rely upon specifying sets of SAIs, requires that one or more of the following are true:

(a) the UE is able to read SIB15 from the serving cell and provide to the GCS AS the list of SAI(s) available on that frequency layer or on a neighbour frequency, or
(b) the GCS AS is capable of mapping the ECGI of the UEs serving cell to SAI(s), or
(c) semi-static service area definitions are sufficient for the application.

Several companies have agreed that point (c) does not apply to GCS.  Point (a) relies upon the cell broadcasting (the optional) SIB15 and suffers from the chicken and egg problem that the SAI will only be broadcast in SIB15 when the decision has already been made to deliver the service in that area.

The UE can always obtain the ECGI of its primary serving cell and inform the GCS AS. However, it is assumed that network providers will not want to expose details of network planning and will not want to provide the mapping of ECGIs to SAIs to the GCS AS(s).  Anyway, such mapping would need to be updated regularly. Thus point (b) is also unlikely to be satisfied.
Given that neither (a), (b) or (c) applies, a new capability is needed that would allow the GCS AS to request an MBMS bearer using a set of ECGIs only.  A CR to be submitted to this meeting proposes to make this change to the MB2-C interface [2].
However, several issues remain as to how the MBMS system should handle such a request and which downstream entities need to be affected.

3.2
Handling of ECGI lists by MBMS system
In addition to allowing the GCS AS to specify the required service using a list of ECGIs, it is believed that at least the following related issues need to be addressed:
a) How to identify the downstream nodes that need to be passed subsequent Session Start/Update/Stop messages.
b) Should the ECGI list be resolved by a CN entity to a corresponding list of SAIs (see proposal in [2])?  If so, in which 3GPP MBMS functional entity should this be performed?

c) How to provide the capability to limit the broadcast area as near as possible to the area defined by the list of ECGIs, thus allowing efficient use to be made of radio resources.
d) How to enable small broadcast service areas to be uniquely identified across the MBMS system.

Approaches to answering questions (a) – (c) include the following:
1. Intermediate mapping to SAIs by CN.
2. Direct Request to E-UTRAN with ECGIs.
These two approaches are explored further in the following sub-sections.
Issue (d) will be addressed in section 3.3.
3.2.1
Intermediate mapping to SAIs by CN
This approach relies upon current procedures at the M3 and M2 MBMS system interfaces and also possibly at the Sm and SGmb interfaces. If the mapping of ECGIs to SAIs is performed at the BM-SC this has the benefit that all these interfaces need not be modified.  However, it has at least two drawbacks in that (1) the information to perform this mapping must be made available in the BM-SC; (2) by mapping to SAIs the broadcast area is likely to be expanded to greater than that necessary just to serve the ECGIs listed.
The ECGI -> SAI mapping information could be supplied by O&M procedures, but these procedures would need to be able to handle network deployment changes by the RAN provider.
By mapping the ECGIs to SAI(s) in a CN node the MBMS Service Area that is passed down to E-UTRAN in Session Start/Update messages is likely to require broadcast across a larger collection of cells than originally requested by the GCS AS. The MME will send Session Start to all necessary MCEs based upon (SAI) information passed in the M3 SETUP message.  The MCE will perform a mapping back to cell identities based upon information passed to it by the eNBs (over M2).  Having identified the target cells the MCE(s) will each map the requested session to a PMCH in one or more MBSFN Areas. The session will then be broadcast in all cells in all MBSFN Areas identified. It is possible that this mapping to SAIs and back to cell identities will result in the MBMS Session being broadcast in MBSFN Areas where there are few or no interested users.
This approach would have to rely upon the E-UTRAN MBMS counting procedure [5] to identify MBSFN Areas where there are few or no users interested in an MBMS service.  Following counting E-UTRAN may perform MBMS service suspension in the identified MBSFN Area(s).  However, the counting procedure may be relatively slow to respond and will not detect UEs receiving the MBMS service that are in RRC IDLE mode.  Furthermore, E-UTRAN MBMS counting is an optional feature for the UE, so public safety authorities will need to depend upon their procurement policies in order to ensure that the UEs in their systems will respond to counting.
By performing the intermediate mapping to a list of one or more SAIs, the relationship can be maintained between SAI information broadcast in SIB15 and Service Area / Frequency information provided in the User Service Description.
3.2.2
Direct Request to E-UTRAN with ECGIs
This approach does not perform any intermediate mapping to SAIs but instead passes the list of ECGIs on through the CN nodes (MBMS-GW and MME) and then on into E-UTRAN (i.e. to the MCE(s)).

A benefit of this approach is that there is no expanding of the required broadcast area as a result of an intermediate mapping to/from SAIs.  Furthermore, it is believed that a relatively straightforward modification to the M3 interface would mean that there would be no need for any O&M procedures to distribute and maintain a mapping of ECGI to SAIs.
If the ECGI list is passed to the MME in the Session Start/Update messages then the MME needs to identify which MCE(s) it should pass these messages to.  The current M3 SETUP and M3 MCE CONFIGURATION UPDATE messages provide the MME with a mapping from SAI to serving MCE, but not from ECGI to MCE.  The MCE reports to the MME the list of SAIs that it serves. The MCE already holds a mapping from SAIs to ECGIs as a result of M2 SETUP and M2 ENB CONFIGURATION UPDATE messages received from eNBs.  If the M3 SETUP and M3 CONFIGURATION UPDATE messages were modified to include (for each SAI listed) the list of corresponding ECGIs, as determined from the M2 interface messages, then the MME would be able to perform the required ECGI to MCE mapping.
The MME will only send Session Start/Update messages to MCEs controlling cells identified in the ECGI list.  Each MCE will map the requested session to a PMCH in one or more MBSFN Areas. The session will then be broadcast in all cells of just the necessary MBSFN Areas.  This approach does not rely upon MBMS E-UTRAN counting to switch off transmission in MBSFN Areas which were only activated as a result of expanding the broadcast area consequent upon the conversion of an ECGI list to an SAI list.

However, by not performing an intermediate mapping to a list of one or more SAIs, the relationship between SAI information broadcast in SIB15 and Service Area / Frequency information provided in the User Service Description cannot obviously be maintained.

3.3
Geographical scope and code point size of the SAI
The MBMS Service Area Identity is a 16 bit field and according to TS 23.003 [3] must be unique within the PLMN, i.e. its mapping to ECGIs must be unique.  The ECI (unique within a PLMN) is a 28 bit field.

One of the reasons for considering the use of an ECGI list in specifying the MBMS service area was so that very small service areas, say one or a very few cells, could be uniquely addressed and the allocation of radio resources be tightly controlled to only involve the minimum necessary number of cells. Mapping small groups of cells to SAIs in a large PLMN could well mean that the available number of SAI code points is exceeded.

If the approach of intermediate mapping to SAIs in the CN is taken then either relatively large (semi-static) SAIs would need to be configured and unnecessary radio resources will be used, unless and until , MBMS counting is able to trigger suspension of the service in the MBSFN Areas where the service is not needed.
This problem with SAI code point size is not a feature of the approach based upon direct requests to E-UTRAN with ECGI lists.
3.4
Dynamic SAIs
The MBMS-Service-Area AVP parameter description for Gmb (and re-used for SGmb) in TS 29.061 [4] states “The MBMS service area code represents the coding for the MBMS Service Area Identity. It is assigned by BM-SC and mapped to one or more cells by the RNC/BSS”.  In the case of E-UTRAN the mapping to cells is configured in the eNBs by O&M procedures.  The MCEs learn the mapping on receipt of M2 SETUP and M2 ENB CONFIGURATION UPDATE messages received from the eNBs.  Thus, the SAI is assigned by the BM-SC, but the actual mapping to cells is not specified by 3GPP and is controlled by O&M procedures and must be presumed to be semi-static.  This mapping is propagated upstream from the eNBs.
It is suggested that the SAI code point space, for a BM-SC, could be partitioned into semi-static and dynamic sub-spaces.  The semi-static sub-space would be handled as per the current 3GPP standards.  However, it is suggested that the dynamic sub-space could be used to provide an (SAI) identity for the list of ECGIs passed from the GCS AS.  The MB2 Activate Bearer and the corresponding Session Start messages could be used to propagate an SAI -> ECGI mapping downstream from the BM-SC for such dynamic SAIs.  Appropriate circumstances for de-allocation of the dynamic SAI mapping would need to be defined as well as requirements for recycling SAI identities in the BM-SC to ensure that sufficient time elapses before an SAI is re-used for a different mapping.
Because the dynamic SAIs don’t need to be semi-statically allocated but only allocated when required it may be possible to circumvent the problem of the restricted code point space of the SAI.

The approach of directly sending a list of ECGIs to E-UTRAN (see 3.2.2 above) had the drawback that there was no SAI to publish in SIB15.  If such dynamically allocated SAIs could be used, this drawback would no longer exist. 
4.
Proposals
The discussion above has reviewed the proposal to allow the GCS AS to specify an MBMS service area in terms of a list of ECGIs.  The discussion has further considered two approaches to handling this list in the MBMS system, namely (1) Intermediate mapping in the CN to SAIs, and (2) Direct request to E-UTRAN with ECGIs.
Based upon the discussion above it is proposed that:
1. The Direct request to E-UTRAN with ECGIs approach (section 3.2.2 above) is endorsed by SA2 for further study and subsequent specification in the 3GPP standards where necessary.

2. A liaison statement be sent to RAN3 informing them of the decision by SA2 and asking for them to consider whether the M3 interface could be modified to provide, to the MME, ECGI -> MCE mapping information as suggested in section 3.2.2 above.

3. SA2 consider whether the concept of dynamically allocated SAIs has merit and deserves further study.
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