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E-MBS Support in IEEE 802.16m (E-MBS) 
Eunkyung Kim, Jaesun Cha, Juhee Kim, Soojung Jung, Hyun Lee, Kwangjae Lim, Chulsik Yoon 
ETRI
1 Instructions

The draft of IEEE 802.16m System Description Document (SDD)[1] describes the support for Enhanced Multicast Broadcast Service(E-MBS) and Section 13 in SDD describes some primitive concept of E-MBS, which is not enough to cover general concept of support E-MBS on the next version of IEEE 802.16m Amendment Draft Standard [2] . Therefore, in this contribution, we describe the detail description of E-MBS operation in IEEE 802.16m for the 802.16m Amendment Draft Standard. 
2. Text Proposal for the 802.16m Amendment Draft Standard
Note:

The text in BLACK color: the existing text in the 802.16m Amendment Draft Standard
The text in RED color: the removal of existing 802.16m Amendment Draft Standard Text
The text in BLUE color: the new text added to the 802.16m Amendment Draft Standard Text
[-------------------------------------------------Start of Text Proposal---------------------------------------------------]

[Adopt the following text in the 802.16m Amendment Draft Standard]
15. Advanced Air Interface

15.2 Medium Access Control

15.2.x Support for E-MBS
15.2.x.1 General Concept of E-MBS
Enhanced multicast and broadcast services (E-MBS) are point-to-multipoint communication systems where data packets are transmitted simultaneously from a single source to multiple destinations. The term broadcast refers to the ability to deliver contents to all users. Multicast, on the other hand, refers to contents that are directed to a specific group of users that have the associated subscription for receiving such services. E-MBS may be supported within one ABS coordinated and optionally synchronized among a group of ABS to allow macro-diversity.
E-MBS has certain QoS and an E-MBS connection is associated with a service flow. All service flows to transmit the same E-MBS flows, created on any AMS, shall have the same service flow management encoding for QoS parameters set. Service flows to carry E-MBS data are instantiated on individual AMS participating in the service while in normal operation. During such instantiation the AMS learns the parameters that identify the service and associated service flows. Each ABS capable of providing E-MBS service belongs to a certain E-MBS Zone, defined as a set of BS where the same Multicast STID(MSTID) is used for transmitting the content of certain service flow(s). Each E-MBS Zone is identified by a unique E-MBS_Zone_ID.
The E-MBS content is transmitted over an area identified as a zone. An E-MBS zone is a collection of one or more ABSs transmitting the same content. The contents are identified by the same flow identifiers (FIDs). Each ABS capable of E-MBS service can belong to one or more E-MBS zones. Each E-MBS Zone is identified by a unique E-MBS_Zone ID. Flow ID (FID) (defined in 15.2.5.9.1), which pairs with Multicast STID (MSTID) in the E-MBS MAP is allocated to each E-MBS connections. As a result, an AMS can receive multiple MBS messages for an E-MBS connection with different E-MBS contents distinguished by the FID belonging to a MSTID. The ABS shall allocate E-MBS SDUs in the order defined in the E-MBS MAP. 
To ensure proper multicast operation on networks of ABS employing E-MBS, the MSTIDs used for common E-MBS content and service shall be the same for all ABS within the same E-MBS-Zone. This allows the AMS which has already registered with a service to be seamlessly synchronized with E-MBS transmissions within an E-MBS_Zone without communicating in the UL or re-registering with other ABS within that E-MBS-Zone. The E-MBS_Zone ID’s shall not be reused across any two adjacent E-MBS zones
E-MBS may be used with time-diversity similar to that used in HARQ transmissions, where some HARQ parameters are used for E-MBS bursts to allow proper sequencing and time diversity combining when E-MBS bursts are repeatedly transmitted without any acknowledgement from the AMS.
For all ABSs that belong to the same E-MBS Zone, the following coordination shall be assured:

· The set of MAC SDUs carrying E-MBS content shall be identical in the same frame in all ABS in the same E-MBS zone;

· The mapping of MAC SDUs carrying E-MBS content onto MAC PDUs shall be identical in the same frame in all ABS in the same E-MBS Zone, meaning, in particular, identical SDU fragments and identical fragment sequence number (block sequence number) and fragment size

Coordination in the E-MBS Zone assures that the AMS may continue to receive E-MBS transmissions from any ABS that is part of the E-MBS Zone, regardless of the AMS operating state—Connected State, Idle State—without need for the AMS to register to the ABS from which it receives the transmission.
When an AMS moves across the E-MBS zone boundaries and an ABS in another E-MBS zone is transmitting the same E-MBS flows, it can continue to receive E-MBS data from the ABS in Connected State or Idle State. In Connected State, the AMS performs handover procedure for E-MBS. During E-MBS zone transition in Idle State, the AMS may transit to Connected State to perform handover or it may initiate E-MBS location update process for the purpose of E-MBS zone transition unless the AMS already has the MSTID mappings in the target E-MBS zone.

15.2.x.2 Establishment and maintenance of E-MBS

Establishment of E-MBSs for a specific AMS with respect to certain service flow is performed with a serving ABS. E-MBSs are associated with multicast and broadcast service flows. Multicast and broadcast service flows are not dedicated to the specific AMS and are maintained even though the AMS is either in Connected State or Idle State. When an AMS is registered at an ABS for receiving E-MBS, multicast and broadcast service flows shall be instantiated as multicast connections. Data of multicast and broadcast service flows may be transmitted from ABS and received at AMS also regardless of what state the AMS is currently in. The ABS may establish a downlink E-MBS by creating a multicast and broadcast service flows when the service commences. Mapping of multicast and broadcast FIDs to MSTIDs shall be known to all ABSs belonging to the same E-MBS zone. The method of making all ABS in the same E-MBS Zone is aware of E-MBS flows and associated E-MBS Service Flows. 
When the AMS registers at the ABS for receiving multicast and broadcast services, the ABS or AMS may initiate the DSA procedure with respect to multicast and broadcast connections. Such knowledge may be used to initiate bidirectional upper layers communication between the AMS and the network for the purpose of configuration of multicast/broadcast service. After successful configuration, the AMS shall reuse the same configuration when it moves to another ABS without re-configuration.
During communication to the ABS the AMS may learn the E-MBS_Zone ID. The AMS may continue to receive E-MBS transmissions from any ABS that is part of the E-MBS Zone, regardless of state of the AMS – Connected State, Idle State – without need for update to any service flow management encoding for the E-MBS flow.
When an AMS moves across the E-MBS boundaries, it can continue to receive E-MBS data from the ABS regardless of its operating state. In Connected State, the AMS performs handover procedure for E-MBS. In Idle State, the AMS may transit to Connected State to perform handover or it may initiate E-MBS location update process for the purpose of E-MBS zone transition unless the AMS already has the MSTID mappings in the target E-MBS zone.

15.2.x.3 E-MBS Transmission Mode

Two types of access to E-MBS may be supported: single-ABS access and multi-ABS access. The single-ABS access is implemented over multicast and broadcast transport connections within one ABS, whereas multi-ABS access is implemented by transmitting data from service flow(s) over multiple ABSs. The E-MBS content PDUs are transmitted by all ABSs in the same E-MBS zone. That transmission is supported either in the non-macro diversity mode or macro diversity mode. An E-MBS zone may be formed by only one ABS. The AMS may support both single-ABS and multi-ABS access. E-MBS service may be delivered via either a dedicated carrier or a mixed unicast-broadcast carrier.
15.2.x.3.1 Non-Macro Diversity Support
Non-macro diversity support is provided by frame level coordination in which the transmission of data across ABSs in an E-MBS Zone is not synchronized at the symbol level. However, such transmissions are coordinated to be in the same frame. This MBS transmission mode is supported when macro-diversity is not feasible. Each ABSs in an E-MBS Zone shall use the same parameter as follows.

· SDU sequence number
· SDU fragment information including fragment sequence # (block sequence #) and fragment size
15.2.x.3.2 Macro Diversity Support

The macro diversity operating mode for E-MBS is as a wide-area multi-cell multicast broadcast single frequency network (MBSFN). A single-frequency network (SFN) operation can be realized for broadcast traffic transmitted using OFDMA from multiple cells with timing errors within the cyclic prefix length. The transmission of data across ABSs in a multi-ABS E-MBS Zone is synchronized at the symbol level allowing macro-diversity combining of signals and higher cell edge performance. It requires the multiple ABS participating in the same Multi-ABS-MBS service to be synchronized in the transmissions of common multicast/broadcast data. Each ABS in an E-MBS Zone shall transmit the same PDUs using the same transmission mechanism at the same time and the following information is the same for all ABS. 

Each ABS transmits the same PDUs, using the same transmission mechanism (symbol, subchannel, modulation, and etc.) at the same time.
· MCS parameters associated with each E-MBS burst including FEC Type, Modulation Type, and Repetition Coding

· Mapping of SDUs to PDU (order of the SDUs and fragments) including subheaders

· Mapping of PDUs to bursts

· Order of bursts in the zone/region

· E-MBS MAP construction including E-MBS burst resource information
15.2.x.4 E-MBS Zone

Each E-MBS zone is assigned a unique zone ID. All the ABSs in an E-MBS zone broadcast the same E-MBS zone ID. If an ABS belongs to several E-MBS zones, it broadcasts the entire set of zone IDs with which it is associated. Multiple E-MBS zones or multiple E-MBS services of one E-MBS zone may be configured on one or more carriers in the multi-carrier deployments.
Different MSTID and FID may be used in different E-MBS service area for the same multicast and broadcast service flow. A unique E-MBS zone identifier (E-MBS_ZONE_ID) is used to indicate a service area through which a pair of MSTID and FID is valid. E-MBS zone related information of the neighbor ABS that supports E-MBS appears in AAI_NBR-ADV MAC management message and it helps an AMS moving inter/intra the E-MBS zone determine whether the target preferred ABS belongs to the same E-MBS zone.

If an AMS in idle mode moves into ABSs in the same E-MBS zone, the AMS does not have to re-enter the network to re-establish a connection. However, if an AMS moves into a different E-MBS zone, the AMS may need to update any E-MBS context (i.e., MSTID, E-MBS Zone ID, FID) for the multicast and broadcast service flow. 
15.2.x.5 E-MBS Scheduling Interval
The E-MBS Scheduling Interval (MSI) can span several superframes. The length of the MSI may be constrained by the required channel switching times. For each E-MBS Zone there is an MSI, which refers to a number of successive frames for which the access network may schedule traffic for the streams associated with the E-MBS Zone prior to the start of the interval. The length of this interval depends on the particular use case of E-MBS. E-MBS MAP message addresses the mapping of E-MBS data associated with an E-MBS Zone until the next E-MBS MAP message or the start of the next MSI. The E-MBS MAP message is structured such that it may be used to efficiently define multiple transmission instances for a given stream within an MSI.
15.2.x.6 Mapping of E-MBS Data for Power Saving

An AMS decodes only the E-MBS data bursts associated with user selected content. The AMS wakes up in each E-MBS scheduling interval in order to check whether there is data to be decoded. To facilitate power saving mechanism, the ABS includes an indication of the next E-MBS data transmission (e.g. in the S-SFH or through the E-MBS MAP). The indicator is transmitted at specific location. E-MBS traffic will be transmitted when the indication is positive. For AMSs operated in sleep mode, they can go back to sleep for the rest of the listening window on receiving the negative indication. This results in the maximum power saving in E-MBS service. After decoding the E-MBS data bursts, the AMS returns to sleep mode.
15.2.x.7 Frame and Control Channel Structure for E-MBS Operation

In unicast/multicast mixed carrier, E-MBS uses the same frame structure used for unicast carrier. The E-MBS data is multiplexed with Unicast traffic. The S-SFH indicates E-MBS region which may span over multiple subframes for each E-MBS zone. E-MBS subframes are allocated with fixed pattern for each FID until the next E-MBS MAP message. Each E-MBS MAP message may support one or more E-MBS services within an E-MBS zone. E-MBS MAP is transmitted in the pre-defined location (i.e., the beginning of the E-MBS region). E-MBS MAP indicates the next E-MBS MAP message and describes the burst information of the corresponding MSTID. The pattern may vary between E-MBS MAP messages. Figure xx illustrates the frame structure when E-MBS subframes are present in superframes.
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Figure xx: Illustration for E-MBS support in Mixed Broadcast/Unicast Carrier

For unicast/multicast mixed carrier, the control channel design to support E-MBS is as follows.

S-SFH

· Indicates whether the E-MBS Region in included in the superframe (up to N superframe)

· If the E-MBS region is included in the superframe 

· Region Information for multicast/unicast

· Indicates whether the E-MBS MAP related information is included in the superframe

· If the E-MBS MAP related information is included in the superframe

· Provides pointers to help AMS find the location of the E-MBS MAP message

E-MBS MAP message
· Provides location and region information to help AMS find the location of the next E-MBS message

· For each MSTID

· Number of FID which is supported in the E-MBS Zone

· E-MBS burst location and region information for each FID (describes each region of the corresponding FID)
In the each E-MBS burst includes the following information in the each burst

· Location and region information of the Next E-MBS burst information (may be located in the pre-defined location(beginning of the each E-MBS burst) 

15.2.x.8 E-MBS Mobility Management
The AMS may continue to receive E-MBS transmissions from any ABS that is part of the E-MBS Zone, regardless of the AMS operating state—Connected State, Idle State.

When an AMS moves across the E-MBS zone boundaries and an ABS in another E-MBS zone is transmitting the same E-MBS flows, it can continue to receive E-MBS data from the ABS in Connected State or Idle State. 
15.2.x.8.1 E-MBS Operation in Connected State

When an AMS moves across the E-MBS zone boundaries, it can continue to receive E-MBS data from the ABS in Connected State or Idle State. In Connected State, the AMS performs handover procedure for E-MBS. 

Prior to the HO preparation phase, the AMS continues to monitor AAI_NBR-ADV MAC Management message to determine whether the target preferred BS belongs to the same E-MBS Zone. An ABS that supports E-MBS shall include the E-MBS zone related information in the AAI_NBR-ADV MAC management message. 

If the target ABS is in the same E-MBS Zone (i.e., intra MBS Zone), the AMS should refer to part of or all the information E-MBS MAP to continue to receive the E-MBS DL transmission. During the MBS HO within E-MBS Zone, E-MBS related context information (e.g., MSTID, E-MBS Zone ID) is preserved and accessible by the serving HO function. 

If the target ABS is not the same E-MBS Zone (i.e., inter MBS Zone), the AMS is required to retrieve the new target E-MBS Zone parameters such as MSTID, E-MBS Zone ID, etc. To support E-MBS HO to retrieve the new target E-MBS Zone parameter during HO, new target E-MBS Zone parameters included in the HO related MAC management message (e.g., AAI_HO-CMD). If the AMS does not acquire the new target E-MBS Zone parameters, it acquires them from the target AMS during network re-entry using ranging procedure. In this case, the AMS shall transmit the Ranging Purpose Indication using the AAI_RNG-REQ MAC management message. In the response to the AAI_RNG-REQ MAC management message, the target ABS shall allocate the MBS information using AAI_RNG-RSP MAC management message including MBS zone identifier, MSTID, FID, and etc.
15.2.x.8.2 E-MBS Operation in Idle State

An idle AMS is notified for the commencement of a certain E-MBS service the AMS has subscribed to including emergency broadcast. Not all E-MBS services require notification. During E-MBS zone transition in Idle State, the AMS may transit to Connected State to perform handover or it may initiate E-MBS location update process for the purpose of E-MBS zone transition unless the AMS already has the MSTID mappings in the target E-MBS zone.
15.2.x.8.2.1 MBS Location update

An AMS in idle mode, with one or more E-MBS service flows, shall perform a location update process when the AMS detects a change in the E-MBS Zone unless the AMS already has the E-MBS information in the target E-MBS zone. The AMS detects the change of E-MBS Zone by monitoring the E-MBS zone related information which is transmitted by the preferred ABS. If the MBS zone identifier list detected does not include the E-MBS zone related information for all E-MBS flows to which the AMS belongs, the AMS shall determine that the E-MBS Zone has changed. 

An AMS in idle state, with one or more MBS service flows, shall perform a location update process when the AMS detects a change in the MBS Zone unless the AMS already has the E-MBS information in the target E-MBS zone. In order to perform the MBS location update process, the AMS shall transmit AAI_RNG-REQ MAC management message including E-MBS Zone Change Indicator. In the response to the MBS location update, the ABS shall transmit AAI_RNG-RSP MAC management message which may include the E-MBS zone identifier, MSTID, FID, and etc.
15.2.x.9 E-MBS Dedicated Carrier
The multi-carrier AMS which is capable of processing multiple radio carriers at the same time may perform normal data communication at one carrier while receiving E-MBS data over another carrier. It may also receive multiple E-MBS streams from multiple carriers simultaneously.
The multi-carrier AMS which is incapable of processing multiple radio carriers at the same time may perform carrier switching mode. The carrier switching for E-MBS service on the dedicated carrier which is partially configured may be operated in consideration of the E-MBS scheduling interval and/or MBS MAP interval.
 [-------------------------------------------------End of Text Proposal----------------------------------------------------]
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