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15.3
MBMS Transmission

15.3.1
General

Void

15.3.2
Single-cell transmission

Void
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;

-
Scheduling of each MCH is done by the MCE;

-
A single transmission is used for MCH (i.e. neither blind HARQ repetitions nor RLC quick repeat);

-
A single Transport Block is used per TTI for MCH transmission, that TB uses all the MBSFN resources in that subframe;

-
MTCH and MCCH can be multiplexed on the same MCH and are mapped on MCH for p-t-m transmission;

-
MTCH uses an MTCH-specific version of the RLC-UM mode.

-
MCCH uses the RLC-UM mode;

-
The MAC subheader indicates the LCID for  MTCH and MCCH;

-
The MBSFN Synchronization Area, the MBSFN Area, and the MBSFN cells are semi-statically configured e.g. by O&M;

-
MBSFN areas are static, unless changed by O&M (i.e. no dynamic change of areas);
Multiple MBMS services can be mapped to the same MCH and one MCH contains data belonging to only one MBSFN Area. An MBSFN Area contains one or more MCHs. The MCS is MCH specific. All MCHs have the same coverage area.

Within the MBSFN subframes, the transmission of a specific MCH occupies a pattern of subframes, not necessarily adjacent in time, called the MCH Subframe Allocation Pattern (MSAP). The MSAP for every MCH carrying MTCH is signalled on MCCH. It shall be possible for a Rel-9 MCH to not use all MBSFN resources signalled as part of the Rel-8 MBSFN signalling. Further, such MBSFN resource can be shared for more than one purpose (MBMS, Positioning, etc.). The MSAP occasion comprises the set of subframes defined by the MSAP during a certain period. The MSAP occasion duration is configurable. At such an MSAP occasion the eNB applies MAC multiplexing of different MTCHs and optionally MCCH to be transmitted on this MCH.

Dynamic scheduling information is provided per MCH to indicate which subframes are used by each MTCH in the MSAP occasion. The following principles are used for the dynamic scheduling information:

· it is used both when services are multiplexed onto the MCH and when only a single service is transmitted on the MCH;

· it is generated by the eNB and provided once at the beginning of the MSAP occasion;

· it has higher scheduling priority than the MCCH and, when needed, it appears first in the PDU;

· it allows the receiver to determine what subframes are used by every MTCH, sessions are scheduled in the order in which they are included in the MCCH session list;

· It is carried in a MAC control element which can not be segmented;

· it carries the mapping of MTCHs to the sub-frames of the associated MSAP occasion. This mapping is based on the indexing of sub-frames belonging to one MSAP occasion. 

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, and identical information (e.g. time information, transmission order/priority information) such that synchronized dynamic scheduling in the eNBs is ensured. 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.
For the packet loss case the transmission of radio blocks potentially impacted by the lost packet should be muted.

9.
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).

10.
If two or more consecutive SYNC SDUs within a SYNC bearer are not received by the eNB, it stops transmitting the associated MCH from the subframe corresponding to the consecutive losses until the end of the corresponding dynamic scheduling interval.


15.3.4
MBMS Reception States

UEs that are receiving MTCH transmissions can be in RRC_IDLE or RRC_CONNECTED state.
15.3.5
MCCH Structure

The following principles govern the MCCH structure:

-
The MCCH is sent on MCH;

-
MCCH consists of a single RRC message which lists all the MBMS services with ongoing sessions;

-
MCCH is transmitted by all cells within an MBSFN Area, except the MBSFN Area Reserved Cells;

-
MCCH is transmitted by RRC every MCCH repetition period;

-
MCCH uses a modification period;

-
A notification mechanism is used to announce changes of MCCH due to Session Start;

-
Notification is sent with PDCCH to M-RNTI;

-
Timing for transmission of notification is FFS (paging occasion or special M-RNTI occasion) 
;

-
When the UE receives a notification, it acquires the MCCH at the next modification period boundary;

-
The UE is informed of changes other than Session Start by MCCH monitoring at the modification period.

15.3.6
MBMS signalling on BCCH

-
BCCH only points to the resources where the MCCH(s) can be found i.e. it does not indicate the availability of the services;

-
BCCH indicates the scheduling of the MCCH for multi-cell transmission on MCH;

-
BCCH indicates the MCCH repetition period and radio frame offset;

-
BCCH indicates an MCS. It is FFS if this MCS applies only for the MCH transporting MCCH or apply to all MCHs.

15.3.x
MBMS User Data flow synchronization

The synchronized radio interface transmission from the cells controlled by different eNBs require a SYNC-protocol support over the M1-interface between the BM-SC and the eNBs. 

As part of the SYNC-protocol procedure the BM-SC shall include to the SYNC PDU packets a time stamp. This time stamp is a relative time value, which tells the timing based on which the eNB sends MBMS data over air interface, relative to the start of the current synchronisation period.
The BM-SC shall set the timestamp of all SYNC packets in one synchronization sequence of an MBMS service to same value. The BM-SC should take into account the following factors for setting the timestamp: arrival time of the first data in the corresponding synchronization sequence, the Maximum Transmission Delay from BM-SC to the farthermost eNB, the length of the synchronization sequence used for time stamping and other extra delay (e.g. processing delay in the eNB).
MBMS user data shall be time-stamped based on separable synchronization sequences which are tied to multiples of the TTI length. Each synchronization sequence for each service is denoted by a single timestamp value working in such a manner that an increase of the timestamp value by one or more synchronisation sequence lengths shall be interpreted as an implicit start-of-a-new-synchronization-sequence-indicator, so that the eNB becomes aware that a new sequence is starting. For additional robustness, the timestamp shall be replicated to all packets that shall be submitted over the air interface within one or multiple TTIs.

The BM-SC does not know the absolute time point at which a TTI starts, but the sequence length for the time stamp is set by O&M like the delay parameters. The BM-SC will use the delay parameters to define the transmission time point of that user data packet and for the following user data packets the sequence length for the time stamp: following user data packets arriving within e.g. 40ms will receive the same time stamp value as the first data packet, if the sequence length is set to be 40 ms.

The eNB shall schedule the received data packets in TTIs following the time point indicated by the timestamp. 

NOTE:
From the timestamp the eNB can interpret the TTI from which the transmission of the first user data packet with that time stamp value shall start. Whether there will be data packets to be transmitted in the following TTIs will depend on the used synchronization sequence length vs. the TTI length and on the user data flow.

The elementary procedures related to the SYNC-protocol are defined in [x1].

Based on the parameters in the SYNC Header (e.g. Timestamp, Packet Number, Elapsed Octet Counter), the eNB is able to derive the timing for downlink radio transmission and notice if any SYNC packets are lost during transmission from BM-SC to the eNB. The eNB is also able to know the size of the lost SYNC packet in the case of a single SYNC packet is lost. Additionally the eNB is able to reorder the PDUs before passing them to RLC processing, if needed.
At the end of each synchronization sequence the BM-SC shall send to the eNBs a user data frame, which contains counter information including 'Total Number Of Packet Counter' and 'Total Number Of Octet' without MBMS payload. This Total Counter frame is implicitly marking the end-of-sync.seq.. The Total Counter frame without payload may be repeated in order to improve the reliability of the delivery to the eNBs.
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