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15
MBMS
For MBMS, the following definitions are introduced:

MBSFN Synchronization Area: An area of the network where all NodeBs/eNodeBs can be synchronized and perform MBSFN transmissions. MBSFN Synchronization Areas are capable of supporting one or more MBSFN Areas. On a given frequency layer, a NodeB/eNodeB can only belong to one MBSFN Synchronization Area.  MBSFN Synchronization Areas are independent from the definition of MBMS Service Areas
MBSFN Transmission or a transmission in MBSFN mode: a simulcast transmission technique realised by transmission of identical waveforms at the same time from multiple cells. An MBSFN Transmission from multiple cells within the MBSFN Area is seen as a single transmission by a UE.

MBSFN Area: a MBSFN Area consists of a group of cells within an MBSFN Synchronization Area of a network, which are co-ordinated to achieve a MBSFN Transmission.  A cell within an MBSFN Synchronization Area may form part of multiple MBSFN Areas, each characterized by different transmitted content and participating set of cells.
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Figure 15-1: MBMS Definitions

MBSFN Area Transmitting and Advertising Cell: A cell within a MBSFN Area which is contributing to the MBSFN Transmission and advertises within the cell the availability of the MBSFN Transmission.

MBSFN Area Transmitting-Only Cell: A cell within a MBSFN Area which is contributing to the MBSFN Transmission but does not advertise within the cell the availability of the MBSFN Transmission. The need for this type of cell is FFS. 

MBSFN Area Reserved Cell: A cell within a MBSFN Area which does not contribute to the MBSFN Transmission. The cell may be allowed to transmit for other services but at restricted power on the resource allocated for the MBSFN transmission e.g. PTP for users at the centre of the cell. 

15.1
General

In E-UTRAN, MBMS can be provided on a frequency layer dedicated to MBMS (set of cells dedicated to MBMS transmission i.e. set of "MBMS dedicated cells") and/or on a frequency layer shared with non-MBMS services (set of cells supporting both unicast and MBMS transmissions i.e. set of “Unicast/MBMS mixed cells”). In both cases, single frequency network mode of operation is possible for MBMS transmission. 

MBMS reception is possible for UEs in RRC_CONNECTED, MBMS_RRC_CONNECTED or RRC_IDLE states. The term MBMS_RRC_CONNECTED is described in sub-clause 15.3.4 below.

15.1.1 E-MBMS Logical Architecture
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Figure 15.1.1-1: E-MBMS Logical Architecture

Figure A15.1.1-1 depicts the E-MBMS Logical Architecture. Note: Additional horizontal interfaces eg MCE to MCE is FFS
Multi-cell/multicast Coordination Entity (MCE)

The MCE is a logical entity – this does not preclude the possibility that it may be part of another network element – whose functions are the allocation of the radio resources used by all eNBs in the MBSFN area for multi-cell MBMS transmissions using MBSFN operation. Besides allocation of the time/ frequency radio resources this also includes deciding the further details of the radio configuration e.g. the modulation and coding scheme. The MCE is involved in MBMS Session Control Signalling. The MCE does not perform UE - MCE signaling.
E-MBMS Gateway (MBMS GW)

The MBMS GW is a logical entity – this does not preclude the possibility that it may be part of another network element – that is present between the BMSC and eNBs whose principal functions is the sending/broadcasting of MBMS packets with the SYNC protocol to each eNB transmitting the service.  The MBMS GW will use IP Multicast as the means of forwarding MBMS user data to the eNB. The MBMS GW performs MBMS Session Control Signalling (Session start/stop) towards the eUTRAN.

Control Plane Interfaces
 “M3” Interface: MCE – MBMS GW 

An Application Part is defined for this interface between E-MBMS Gateway and MCE. This application part allows for MBMS Session Control Signalling on EPS bearer level (i.e. does not convey radio configuration data). The procedures comprise e.g. MBMS Session Start and Stop. SCTP is used as signaling transport i.e. Point-to-Point signaling is applied.
“M2” Interface: MCE – eNB
An Application Part is defined for this interface, which conveys at least radio configuration data for the multi-cell transmission mode eNBs and Session Control Signaling. SCTP is used as signaling transport i.e. Point-to-Point signaling is applied.
User Plane Interface

“M1” Interface: MBMS GW – eNB
This interface is a pure user plane interface. Consequently no Control Plane Application Part  is defined for this interface. IP Multicast is used for point-to-multipoint delivery of user packets for both single cell and multi-cell transmission.
Deployment consideration

It is not precluded that M3 interface can be terminated in eNBs. In this case MCE is considered as being part of eNB. Therefore M2 does not exist in this scenario. This is depicted in Figure A15.1.1-2 which depicts two envisaged deployment alternatives. In the scenario depicted on the left  MCE is deployed in a separate node. In the scenario on the right MCE is part of the eNBs.
.

[image: image3]
Figure 15.1.1-2: eMBMS Architecture deployment alternatives
15.1.2 E-MBMS User Plane Protocol Architecture
The overall U-plane architecture of content synchronization is shown in Figure 15.1-1. This architecture is based on the functional allocation for Unicast and the SYNC protocol layer is defined additionally on transport network layer to support content synchronization mechanism.
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Figure A15.1.2-1: The overall u-plane architecture of the MBMS content synchronization

The SYNC protocol is defined as a protocol to carry additional information that enable eNBs to identify the timing for radio frame transmission and detect packet loss. The SYNC protocol is applicable to DL and may be specified as a part of GTP-U, or as an independent protocol.

If PDCP (Header Compression) is used, it is located in the E-MBMS GW (FFS for single-cell operation and localized service). 

Complying with the content synchronization mechanism is required for an eNB distributing a MBMS service for Multi-Cell transmission.  An eNB transmitting a service in single cell only should not be required to comply with the stringent timing requirements indicated by SYNC protocol.    
15.2
MBMS Cells

An E-UTRAN cell supporting MBMS is either an MBMS-dedicated cell or an MBMS/Unicast-mixed cell. 

It is FFS how the MCCH is transmitted in the cell.

15.2.1
MBMS-dedicated cell

When a cell belongs to a frequency layer dedicated to MBMS transmission:

-
MTCH and MCCH are mapped on MCH or DL-SCH (FFS) for p-t-m transmission;

-
No uplink;

-
No counting mechanism in another (unicast) cell supported;

-
No support for unicast data transfer in the cell;

-
The occurrence of paging messages on the frequency layer dedicated to MBMS transmission is FFS:

-
If paging messages were allowed, the UE could answer in a non-E-UTRA cell e.g. UTRA cell (FFS);

15.2.2
MBMS/Unicast-mixed cell

When a cell does not belong to a frequency layer dedicated to MBMS transmission:

-
MTCH and MCCH are mapped on MCH or DL-SCH for p-t-m transmission;

-
Transmission of both unicast and MBMS in the cell is done in a co-ordinated manner.

15.3
MBMS Transmission

15.3.1
General

Transmission of MBMS in E-UTRAN is either a single-cell transmission or a multi-cell transmission.

To avoid unnecessary MBMS transmission in a cell where there is no MBMS user, the network can detect the presence in a cell of at least one MBMS user interested in the MBMS service e.g. by polling. It is FFS whether or not it is needed to count to a greater granularity the number of UEs in a cell interested in an MBMS service.

15.3.2
Single-cell transmission

Single-cell transmission of MBMS is characterized by:

-
MBMS is transmitted only on the coverage of a specific cell;

-
Combining of MBMS transmission from multiple cells is not supported;

-
MTCH and MCCH are mapped on DL-SCH for p-t-m transmission;

-
Scheduling is done by the eNB;

-
Multiple UEs can be allocated dedicated uplink feedback channels identical to those used in unicast transmission, which enables them to report HARQ Ack/Nack and CQI. Where such a feedback mechanism is configured, AMC is applied, and HARQ retransmissions are made on DL-SCH using a group (service specific) RNTI in a time frame that is co-ordinated with the original MTCH transmission. All UEs are able to receive the retransmissions and combine them with the original transmissions at the HARQ level.

-
UEs that are allocated a dedicated uplink feedback channel are in either RRC_CONNECTED state or MBMS_RRC_CONNECTED state.

For single-cell transmission, an eNB is not required to comply with the stringent timing requirements indicated by SYNC protocol. The following principles still applies for the single transmission:.

1. 
An E-MBMS GW sends/broadcasts MBMS packet with the SYNC protocol to each eNB transmitting the service.

2.
The SYNC protocol provides additional information so that the eNBs identify the transmission radio frame(s). The E-MBMS GW does not need accurate knowledge of radio resource allocation in terms of exact time division (e.g. exact start time of the radio frame transmission).  

3. 
The segmentation/concatenation is needed for MBMS packets and should be totally up to the RLC/MAC layer in eNB, without taking into account any indication in the SYNC protocol..

NOTE: The usage of SYNC protocol for single cell localized services is for further study.  
15.3.3
Multi-cell transmission

Multi-cell transmission of MBMS is characterized by:

-
Synchronous transmission of MBMS within its MBSFN Area;

-
Combining of MBMS transmission from multiple cells is supported;

-
MTCH and MCCH are mapped on MCH for p-t-m transmission;

-
The MBSFN Transmitting, Advertising, and Reserved cells are either semi-statically configured e.g. by O&M (MBMS-dedicated cell or MBMS/Unicast-mixed cell), or are dynamically adjusted (MBMS/Unicast-mixed cell) e.g. based on counting mechanisms (FFS).

-
The MBSFN Synchronization Area is semi-statically configured e.g. by O&M. The MBSFN Area can be semi-statically configured by O&M or (FFS) dynamically configured by MCE.

-
Scheduling is done by the MBMS Coordination Entity (MCE).

-
It is FFS whether UEs receiving MBSFN transmission will be able to take part in a feedback mechanism of the type described for single cell transmission, to enable re-transmissions to be made via the DL-SCH of the cell. Should such a re-transmission mechanism be supported, all UEs that are receiving the MBSFN transmission will be able to receive the re-transmissions and combine them with the original transmission at a HARQ level.

The content synchronization for multi-cell transmission is provided by the following principles:
1.
All eNBs in a given MBSFN Synchronization Area have a synchronised radio frame timing such that the radio frames are transmitted at the same time. 
2.
All eNBs have the same configuration of RLC/MAC/PHY for each MBMS service. These are indicated in advance by the MCE.
3.
An E-MBMS GW sends/broadcasts MBMS packet with the SYNC protocol to each eNB transmitting the service. 
4.
The SYNC protocol provides additional information so that the eNBs identify the transmission radio frame(s). The E-MBMS GW does not need accurate knowledge of radio resource allocation in terms of exact time division (e.g. exact start time of the radio frame transmission).

5.
eNB buffers MBMS packet and waits for the transmission timing indicated in the SYNC protocol. 

6.
The segmentation/concatenation is needed for MBMS packets and should be totally up to the RLC/MAC layer in eNB.

7.
The SYNC protocol provides means to detect packet loss(es) and supports a recovery mechanism robust against loss of consecutive PDU packets (MBMS Packets with SYNC Header). 

8.
(FFS) For the packet loss case the transmission of radio blocks potentially impacted by the lost packet should be muted or padded.

9.
(FFS) The mechanism supports indication or detection of MBMS data burst termination (e.g. to identify and alternately use available spare resources related to pauses in the MBMS PDU data flow).

15.3.4
MBMS Reception States

UEs that are receiving MTCH transmissions without taking part in an MBMS feedback mechanism can be in RRC_IDLE or RRC_CONNECTED state, the state being defined solely by its non-MBMS status. 

UEs that are receiving MTCH transmissions and are taking part in at least one MBMS feedback scheme will be in RRC_CONNECTED state (UE also has Unicast services active) or MBMS_RRC_CONNECTED state (UE does not have Unicast service active)..
The MBMS_RRC_CONNECTED state has the following characteristics:

-
There is no S1 connection for the UE,

-
The UE has a C-RNTI

-
The UE can make measurement reports.

-
The RRC connection does not survive cell change,

-
There is no handover preparation, the UE performs cell change. It is FFS whether the target cell can be informed prior to a UE’s cell change in order to enable a faster availability of the MBMS service in the target cell,

For UEs that are in RRC_CONNECTED state, normal mobility procedures apply. In this case, the transfer of MBMS information in the UE context on X2 interface is TBD.
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SYNC: Protocol to synchronise data used to generate a certain radio frame
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