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Introduction
This contribution proposes text changes to Sections 4-9, 13, 14, and 17 of the IEEE 802.16m SDD [1] where the system description requires additional detail. The proposed text is consistent with the 802.16m Amendment Working Document [2].  The refined SDD document will be a necessary supplement in the submission of IEEE 802.16m technology description template to ITU-R/WP 5D later this year.
For technical changes, AWD [2] text that has been added into the SDD has been specifically identified by section number. Proposed text has been underlined in blue and deleted text has been struck through in red. Existing SDD text is shown in black. 

References
[1] P802.16m System Description Document, 802.16m-08/003r9a, June 2009.
[2] P802.16m Amendment Working document, 802.16m-09/0010r2, June 2009.
- - - - - - - - - - - - - - - - - - - - - - - - - - - Begin Proposed Text - - - - - - - - - - - - - - - - - - - - - - - - - 

1 Overall Network Architecture

<Editor’s Note: This section will describe the overall network architecture applicable to IEEE 802.16m.
Editor’s Note : Was not able to implement comment 14 as terms here sometimes are overloaded, i.e. it is not always clear is a MS refers to MS as defined in .16 or in WMF NWG specs.>

The Network Reference Model (NRM) is a logical representation of the network architecture. The NRM identifies functional entities and reference points over which interoperability is achieved between functional entities. Figure 1 illustrates the NRM, consisting of the following functional entities: Mobile Station (MS), Access Service Network (ASN), and Connectivity Service Network (CSN). The existing network reference model is defined in WiMAX Network Architecture [9]. 

[image: image1]
Figure 1 IEEE 802.16m Network Reference Model. The network reference model and the reference points Ri are specified in [9]
The ASN is defined as a complete set of network functions needed to provide radio access to an IEEE 802.16e/m subscriber. The ASN provides at least the following functions:
· IEEE 802.16e/m Layer-1 (L1) and Layer-2 (L2) connectivity with IEEE 802.16e/m MS 

· Transfer of AAA messages to IEEE 802.16e/m subscriber’s Home Network Service Provider (H-NSP) for authentication, authorization and session accounting for subscriber sessions

· Network discovery and selection of the IEEE 802.16e/m subscriber’s preferred NSP

· Relay functionality for establishing Layer-3 (L3) connectivity with an IEEE 802.16e/m MS (i.e. IP address allocation)

· Radio Resource Management

In addition to the above functions, for a portable and mobile environment, an ASN further supports the following functions:

· ASN anchored mobility

· CSN anchored mobility

· Paging 

· ASN-CSN tunneling 
The ASN comprises network elements such as one or more Base Station(s), and one or more ASN Gateway(s). An ASN may be shared by more than one CSN. The CSN is defined as a set of network functions that provide IP connectivity services to the IEEE 802.16e/m subscriber(s). A CSN may provide the following functions:

· MS IP address and endpoint parameter allocation for user sessions

· AAA proxy or server

· Policy and Admission Control based on user subscription profiles

· ASN-CSN tunneling support, 

· IEEE 802.16e/m subscriber billing and inter-operator settlement

· Inter-CSN tunneling for roaming

· Inter-ASN mobility

The IEEE 802.16e/m CSN provides services such as location based services, connectivity for peer-to-peer services, provisioning, authorization and/or connectivity to IP multimedia services.

CSN may further comprise network elements such as routers, AAA proxy/servers, user databases, Interworking gateway MSs. A CSN may be deployed as part of an IEEE 802.16m NSP or as part of an incumbent IEEE 802.16e NSP. 
Relay Stations (RSs) may be deployed to provide improved coverage and/or capacity.
An ABS that is capable of supporting the  IEEE Std 802.16j-2009 RS, communicates with the IEEE Std 802.16j-2009 RS in the LZone. The ABS is not required to provide IEEE Std 802.16j-2009 protocol support in the "Mzone". The design of IEEE 802.16m relay protocols should be based on the design of IEEE Std 802.16j-2009 wherever possible, although IEEE 802.16m relay protocols used in the "Mzone" may be different from IEEE Std 802.16j-2009 protocols used in the LZone.
Figure 2 and Table 1, show the IEEE 802.16m relay related interfaces that are to be supported and those which are not required to be supported in the IEEE 802.16 specification. Only the interfaces involving RSs (IEEE 802.16m and legacy RS) are shown.

Figure 2 and Table 1 also indicate the specific IEEE 802.16 protocol that is to be used for supporting the particular interface. 
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Figure 2  Diagram showing the relay-related connections Relay-based Connections.
	Connection #
	Connected Entities
	Protocol used
	Supported (Y/N)

	1
	AMS -ARS
	IEEE 802,16m
	Y

	2
	AMS - RS
	IEEE Std 802.16j-2009
	Y

	3
	ARS – MRBS
	N/A
	N

	4
	MRBS - RS
	IEEE Std 802.16j-2009
	Y

	5
	ARS – AMS
	IEEE 802.16m
	Y

	6
	ARS – YMS
	IEEE Std 802.16e-2009
	Y

	7
	AMS – RS
	IEEE Std 802.16e-2009
	Y

	8
	RS - YMS
	IEEE Std 802.16e-2009
	Y

	9
	ARS – RS
	N/A
	N

	10
	ARS – ARS
	IEEE 802.16m
	Y

	11
	RS – RS
	IEEE Std 802.16j-2009
	Y


Table 1  Interconnections between the entities shown in Figure 2 and the protocols used.

Figure 2 and Table 1 capture illustrate the interfaces which may exist between the IEEE 802.16m and legacy stations. The figure and table are not intended to specify any constraints on the usage of these interfaces. For example, the figure and table do not provide rules for which interfaces a particular station can utilize at the same time, or how many connections a station can have over each of the specified interfaces.
The usage of the interfaces described in Figure 2 and Table 1 is constrained as follows: An AMS may connect to an ABS either directly or via one or more ARSs. The number of hops between the ABS and an AMS can be two or greater than two more. The topology between the ABS and the subordinate ARSs within an ABS cell is restricted to a tree topology. An YMS may connect to an ABS either directly or via one or more ARSs. Furthermore an MS may connect to an ABS via one or more RSs. The topology between the ABS and the subordinate RSs within an ABS cell is specified in the IEEE Std 802.16j-2009 draft amendment. 

Connection 10 indicates a connection between an ARS and another directly connected ARS. Such connections exist in order to support topologies in which the number of hops between the ABS and an AMS is greater than two hops. 

Connection 11 indicates a connection between an  RS and another directly connected  RS. Such connections exist in order to support topologies in which the number of hops between the  MRBS/ABS and an YMS/AMS is greater than two hops.
2 IEEE 802.16m System Reference Model

<Editor’s Note: This section describes system reference model in for those functions introduced in the IEEE 802.16m air interface>

As shown in the following Figure 3, the proposed reference model for IEEE 802.16m is very similar to that of IEEE Std 802.16e-2009 with the exception of soft classification (i.e., no SAP is required between the two classes of functions) of MAC common part sublayer into radio resource control and management functions and medium access control functions (i.e., no SAP is required between the two classes of functions). 


[image: image3]
Figure 3 System Reference Model

The MAC and PHY functions can be classified into three categories namely data plane, control plane, and management plane. The data plane comprises functions in the data processing path such as header compression as well as MAC and PHY data packet processing functions. A set of layer-2 (L2) control functions is needed to support various radio resource configuration, coordination, signaling, and management. This set of functions is collectively referred to as control plane functions. A management plane is also defined for external management and system configuration. Therefore, all management entities fall into the management plane category.

3  Advanced Mobile Station State Diagrams

<Editor’s Note: To capture only the top level states of the mobile stations, base stations. Detailed feature specific state diagrams will be captured elsewhere in the respective sections.>
The Figure 4 illustrates the Mobile Station state transition diagram for an AMS. The stat e transition diagram consists of 4 four states, Initialization state, Access state, Connected state and Idle state. 
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Figure 4 IEEE 802.16m Mobile Station State Transition Diagram of IEEE 802.16m
3.1 Initialization State

In the Initialization State, the AMS performs cell selection by scanning, synchronizing and acquiring the system configuration information before entering Access State.
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Figure 5 Initialization State Procedures Transition Diagram
During this state, if the AMS cannot properly perform the system configuration information decoding and cell selection, it should return falls back to perform scanning and DL synchronization. If the AMS successfully decodes the system configuration information and selects one a target ABS, it transitions to the Access State.
3.2 Access State

The AMS performs network entry with the target ABS while in the Access State. Network entry is a multi step process consisting of ranging, pre-authentication capability negotiation, authentication and authorization, capability exchange and registration. The AMS receives its Station ID and establishes at least one connection and transitions to the Connected s State. Upon failing ure to complete any one of the steps of network entry the AMS transitions to the Initialization State.
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Figure 6 Access State Diagram Procedures
3.3 Connected State

When in the Connected State, an AMS operates in one of 3 three modes; Sleep Mode, Active Mode and Scanning Mode. During Connected State, the AMS maintains two connections established during Access State. Additionally  t the AMS and ABS may establish additional transport connections. The AMS may remain in Connected State during a hand over.  The AMS transitions from the Connected s State to the Idle s State based on a command from the ABS. Failure to maintain the connections prompts the AMS to transition to the Initialization state.
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Figure 7 Connected State Transition Diagram Procedures
3.3.1 Active mode

When the AMS is in Active mode, the serving ABS may schedule the AMS to transmit and receive at the earliest available opportunity provided by the protocol, i.e. the AMS is assumed to be 'available' to the ABS at all times.  The AMS may request a transition to either Sleep or Scanning mode from Active mode. Transition to Sleep or Scanning mode happens upon command from the serving ABS. The AMS may transition to Idle State from Active Mode of Connected State.
3.3.2 Sleep mode

When in Sleep mode the AMS and ABS agree on a the division of the resource radio frame in time into Sleep Windows and Listening Windows. The AMS is only expected to be capable of receiving transmissions from the ABS during the Listening Windows and any protocol exchange has to be initiated during that time.  The AMS transition to Active mode is prompted by control messages received from the ABS. The AMS may transition to Idle State from Sleep Mode of Connected State during Listening Intervals.
3.3.3 Scanning mode

When in Scanning mode the AMS performs measurements as instructed by the serving ABS. The AMS is unavailable to the serving ABS while in scanning mode. The AMS returns to active mode once the duration negotiated with the ABS for scanning expires. 

3.4 Idle State

The Idle state consists of 2 two separated modes, paging available mode and paging unavailable mode based on its operation and MAC message generation. During Idle State, the AMS may perform power saving by switching between Paging available mode and Paging Unavailable mode.
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Figure 8 Idle State Transition Diagram Procedures
3.4.1 Paging Available Mode

The AMS may be paged by the serving ABS while it is in the paging available mode. If the AMS is paged with indication to return to the Connected State, the AMS transitions to the Access State for its network re-entry. The AMS may perform location update procedure during Idle State.

3.4.2 Paging Unavailable Mode

During paging unavailable mode, AMS does not need to monitor the downlink channel in order to reduce its power consumption. 

4 Frequency Bands

<Editor’s Note: This section will describe the frequency bands that are applicable to the IEEE 802.16m system> 

IEEE 802.16m systems can operate in RF frequencies less than 6 GHz and are deployable in licensed spectrum allocated to the mobile and fixed broadband services. The following frequency bands have been identified for IMT and/or IMT-2000 by WARC-92, WRC-2000 and WRC-07
· 450-470 MHz

· 698-960 MHz

· 1710-2025 MHz

· 2110-2200 MHz

· 2300-2400 MHz

· 2500-2690 MHz

· 3400-3600 MHz

ITU-R has developed frequency arrangements for the bands identified by WARC-92 and WRC-2000, which are described in Recommendation ITU-R M.1036-3. For the frequency bands that were identified at WRC-07, further work on the frequency arrangements is ongoing within the framework of ITU-R.

5 IEEE 802.16m Air-Interface Protocol Structure
The functional block definitions captured in section 8.1 apply to the ABS and AMS. Definitions of functional blocks for the ARS are captured in section 8.2.
5.1 The IEEE 802.16m Protocol Structure

The IEEE 802.16m MAC is divided into two sublayers:

· Convergence sublayer (CS)

· Common Part sublayer (CPS) 
The MAC Common Part Sublayer is further classified into Radio Resource Control and Management (RRCM) functions and medium access control (MAC) functions. The RRCM functions fully reside on the control plane. The MAC functions reside on the control and data planes. The RRCM functions include several functional blocks that are related with radio resource functions such as:
· Radio Resource Management

· Mobility Management

· Network-entry Management

· Location Management

· Idle Mode Management

· Security Management

· System Configuration Management

· MBS

· Service Flow and Connection Management

· Relay Functions
· Self Organization

· Multi-Carrier

The Radio Resource Management block adjusts radio network parameters based on traffic load, and also includes function of load control (load balancing), admission control and interference control.

The Mobility Management block supports functions related to Intra-RAT/ Inter-RAT handover. The Mobility Management block handles the Intra-RAT/ Inter-RAT Network topology acquisition which includes the advertisement and measurement, manages candidate neighbor target YBSs/ABSs/RSs/ARSs and also decides whether AMS performs Intra-RAT/Inter-RAT handover operation.

The Network-entry Management block is in charge of initialization and access procedures. Network-entry Management block may generate management messages which are needed during access procedures, i.e., ranging, basic capability negotiation, registration, and so on.

The Location Management block is in charge of supporting location based service (LBS). Location Management block may generate messages including the LBS information.  
The Idle Mode Management block manages location update operation during idle mode. The Idle Mode Management block controls idle mode operation, and generates the paging advertisement message based on paging message from paging controller in the core network side.

The Security Management block is in charge of authentication/authorization and key management for secure communication. 

The System Configuration Management block manages system configuration parameters and transmits system configuration information to the AMS.
The E-MBS (Enhanced Multicast Broadcast Service) block controls management messages and data associated with broadcasting and/or multicasting service.

The Service Flow and Connection Management block allocates STID and FIDs during access/handover/ service flow creation procedures. 

The Relay Functional s block includes functions to support multi-hop relay mechanisms. The functions include procedures to maintain relay paths between ABS and an access ARS.

The Self Organization block performs functions to support self configuration and self optimization mechanisms. The functions include procedures to request RSs/MSs to report measurements for self configuration and self optimization and receive the measurements from the RSs/MSs. 
The Multi-carrier (MC) block enables a common MAC entity to control a PHY spanning over multiple frequency channels. The channels may be of different bandwidths (e.g. 5, 10 and 20 MHz), on contiguous or non-contiguous frequency bands. The channels may be of the same or different duplexing modes, e.g. FDD, TDD, or a mix of bidirectional and broadcast only carriers. For contiguous frequency channels, the overlapped guard sub-carriers are aligned in frequency domain in order to be used for data transmission.
The control plane part of the medium access control (MAC) functional group includes function blocks which are related to the physical layer and link controls such as:

· PHY Control

· Control Signaling

· Sleep Mode Management

· QoS

· Scheduling and Resource Multiplexing

· ARQ

· Fragmentation/Packing

· MAC PDU formation
· Multi-Radio Coexistence

· Data Forwarding

· Interference Management

· Inter-ABS Coordination

The PHY Control block handles PHY signaling such as ranging, measurement/feedback (CQI), and HARQ ACK/NACK. Based on CQI and HARQ ACK/NACK, the PHY Control block estimates channel quality as seen by the AMS, and performs link adaptation via adjusting modulation and coding scheme (MCS), and/or power level. In the ranging procedure, PHY control block does UL synchronization with power adjustment, frequency offset and timing offset estimation.
The Control Signaling block generates resource allocation messages. 
The Sleep Mode Management block handles sleep mode operation. The Sleep Mode Management block may also generate MAC signaling related to sleep operation, and may communicate with Scheduling and Resource Multiplexing block in order to operate properly according to sleep period.

The QoS block handles QoS management based on QoS parameters input from Service Flow and Connection Management block for each connection.

The Scheduling and Resource Multiplexing block schedules and multiplexes packets based on properties of connections. In order to reflect properties of connections Scheduling and Resource Multiplexing block receives QoS information from QoS block for each connection.

ARQ block handles MAC ARQ function. For ARQ-enabled connections, ARQ block logically splits MAC SDU to ARQ blocks, and numbers each logical ARQ block. ARQ block may also generate ARQ management messages such as feedback message (ACK/NACK information).

Fragmentation/Packing block performs fragmenting or packing MSDUs based on scheduling results from Scheduling and Resource Multiplexing block.

MAC PDU formation block constructs MAC protocol data unit (PDU) so that ABS/AMS can transmit user traffic or management messages into PHY channel. MAC PDU formation block adds MAC header and may add sub-headers.
The Multi-Radio Coexistence block performs functions to support concurrent operations of IEEE 802.16m and non-IEEE 802.16m radios collocated on the same mobile station.

The Data Forwarding block performs forwarding functions when RSs are present on the path between ABS and AMS. The Data Forwarding block may cooperate with other blocks such as Scheduling and Resource Multiplexing block and MAC PDU formation block.

The Interference Management block performs functions to manage the inter-cell/sector interference. The operations may include:

· MAC layer operation

· Interference measurement/assessment report sent via MAC signaling

· Interference mitigation by scheduling and flexible frequency reuse

· PHY layer operation

· Transmit power control

· Interference randomization

· Interference cancellation

· Interference measurement

· Tx beamforming/precoding
Inter-ABS coordination block performs functions to coordinate the actions of multiple ABSs by exchanging information, e.g., interference management. The functions include procedures to exchange information for e.g., interference management between the ABSs by backbone signaling and by AMS MAC messaging. The information may include interference characteristics, e.g. interference measurement results, etc.

The data plane includes the following MAC functions:

The ARQ block handles MAC ARQ function. For ARQ-enabled connections, ARQ block logically splits MAC SDU to ARQ blocks, and numbers each logical ARQ block. ARQ block may also generate ARQ management messages such as feedback message (ACK/NACK information).

The Fragmentation/Packing block performs fragmenting or packing MSDUs based on scheduling results from Scheduling and Resource Multiplexing block.

The MAC PDU formation block constructs MAC protocol data unit (PDU) so that ABS/AMS can transmit user traffic or management messages into PHY channel. MAC PDU formation block adds MAC header and may add sub-headers.
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Figure 9 The IEEE 802.16m Protocol Structure
5.1.1 AMS/ABS Data Plane Processing Flow

Figure 10 shows the user traffic data flow and processing at the ABS and the AMS. The red arrows show the user traffic data flow from the network layer to the physical layer and vice versa. On the transmit side, a network layer packet is processed by the convergence sublayer, the ARQ function (if present enabled), the fragmentation/packing function and the MAC PDU formation function, to form MAC PDU(s) to be sent to the physical layer. On the receive side, a physical layer SDU is processed by MAC PDU formation function, the fragmentation/packing function, the ARQ function (if present enabled) and the convergence sublayer function, to form the network layer packets. The black arrows show the control primitives among the CPS functions and between the CPS and PHY that are related to the processing of user traffic data.
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Figure 10 The IEEE 802.16m AMS/ABS Data Plane Processing Flow Note: The AMS may not utilize all the blocks shown in this figure.
5.1.2 The AMS/ABS Control Plane Processing Flow

The following figure shows the MAC CPS control plane signaling flow and processing at the ABS and the AMS. On the transmit side, the blue arrows show the flow of control plane signaling from the control plane functions to the data plane functions and the processing of the control plane signaling by the data plane functions to form the corresponding MAC signaling (e.g. MAC management messages, MAC header/sub-header) to be transmitted over the air. On the receive side, the blue arrows show the processing of the received over-the-air MAC signaling by the data plane functions and the reception of the corresponding control plane signaling by the control plane functions. The black arrows show the control primitives among the CPS functions and between the CPS and PHY that are related to the processing of control plane signaling. The black arrows between M_SAP/C_SAP and MAC functional blocks show the control and management primitives to/from Network Control and Management System (NCMS). The primitives to/from management SAP (M_SAP) / and control  SAP (C_SAP) define the network involved functionalities such as inter-ABS interference management, inter/intra RAT mobility management, etc, and management related functionalities such as location management, system configuration etc. The Control SAP and Management SAP expose control plane and management plane functions to upper layers.
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Figure 11  IEEE 802.16m AMS/ABS Control Plane Processing Flow. Note: The AMS may not utilize all the blocks shown in this figure.
5.1.3 Multicarrier Support Protocol Structure
The generic protocol architecture to support multicarrier system is illustrated in Figure 12. A common MAC entity may control a PHY spanning over multiple frequency channels. Some MAC messages sent on one carrier may also apply to other carriers. The channels may be of different bandwidths (e.g. 5, 10 and 20 MHz), on contiguous or non-contiguous frequency bands. The channels may be of different duplexing modes, e.g. FDD, TDD, or a mix of bidirectional and broadcast only carriers.

The MAC entity may support simultaneous presence of MSs with different capabilities, such as operation over one channel at a time only or aggregation across contiguous or non-contiguous channels.
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Figure 12 IEEE 802.16m multicarrier support generic protocol structure
5.1.4 Multi-Radio Coexistence Support Protocol Structure 

Figure 13 shows an example of multi-radio device with co-located AMS, IEEE 802.11 station, and IEEE 802.15.1 device. The multi-radio coexistence functional block of the AMS obtains the information about other co-located radio’s activities, such as time characteristics, via inter-radio interface, which is internal to multi-radio device and out of the scope of IEEE 802.16m standard. 

IEEE 802.16m provides protocols for the multi-radio coexistence functional blocks of AMS and ABS or ARS to communicate with each other via air interface. The AMS generates management messages to report the information about its co-located radio activities obtained from inter-radio interface, and ABS or ARS generates management messages to respond with the corresponding actions to support multi-radio coexistence operation. Furthermore, the multi-radio coexistence functional block at ABS or ARS communicates with the Scheduling and Resource Multiplexing functional block to operate properly according to the reported co-located coexistence activities. The multi-radio coexistence function can be used independently from sleep mode operation to enable optimal power efficiency with a high level of coexistence support. However, when sleep mode provides sufficient co-located coexistence support, the multi-radio coexistence function may not be used.
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Figure 13 Example of Multi-Radio Device with Co-Located IEEE 802.16m AMS, IEEE 802.11 STA, and IEEE 802.15.1 device
5.2 Relay Protocol Structure

Figure 14 shows the proposed protocol functions for an ARS. An ARS may consist of a subset of the protocol functions shown in Figure 14. The subset of functions depends on the type or category of the ARS. 

The functional blocks and the definitions in this section do not imply that these functional blocks are supported in all ARS implementations.
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Figure 14 IEEE 802.16m ARS Protocol Functions Structure
The ARS MAC is divided into two sublayers:

· Radio Resource Control and Management (RRCM) sublayer

· Medium Access Control (MAC) sublayer 

The ARS RRCM sublayer includes the following functional blocks that are related with ARS radio resource functions:
· Mobility Management

· Network-entry Management

· Location Management

· Security Management

· MBS

· Relay Functions

· Self Organization

· Multi-Carrier

The Mobility Management block supports AMS handover operations in cooperation with the ABS.

The Network-entry Management block is in charge of ARS/AMS initialization procedures and performing ARS network entry procedure to the ABS. Network-entry Management block may generate management messages needed during ARS/AMS initialization procedures and performing the network entry.

The Location Management block is in charge of supporting location based service (LBS), including positioning data, at the ARS and reporting location information to the ABS. Location Management block may generate messages for the LBS information including positioning data.
The Security Management block handles the key management for the ARS.

The E-MBS (Enhanced Multicast and Broadcasting Service) block coordinates with the ABS to schedule the transmission of MBS data.

The Relay Functions block includes procedures to maintain relay paths.
The Self Organization block performs functions to support ARS self configuration and ARS self optimization mechanisms coordinated by ABS. The functions include procedures to request ARSs/AMSs to report measurements for self configuration and self optimization and receive measurements from the ARSs/AMSs, and report measurements to ABS. The functions also include procedures to adjust ARS parameters and configurations for self configuration / optimization with / without the coordination with ABS.

The Multi-carrier (MC) block enables a common MAC entity to control a PHY spanning over multiple frequency channels at the ARS. 

The ARS Medium Access Control (MAC) sublayer on the control plane includes the following function blocks which are related to the physical layer and link controls:
· PHY Control

· Control Signaling

· Sleep Mode Management

· QoS

· Scheduling and Resource Multiplexing

· ARQ

· Fragmentation/Packing

· MAC PDU formation
· Data Forwarding

· Multi-Radio Coexistence
The PHY Control block handles PHY signaling such as ranging, measurement/feedback (CQI), and HARQ ACK/NACK at the ARS. Based on CQI and HARQ ACK/NACK, PHY Control block estimates channel environment of ARS/AMS, and performs link adaptation via adjusting modulation and coding scheme (MCS) or power level.

The Control Signaling block generates ARS resource allocation messages such as MAP as well as specific control signaling messages. 
The Sleep Mode Management block handles sleep mode operation of its MSs in coordination with the ABS. 

The QoS block handles rate control based on QoS parameters based on inputs from TBD other functional blocks.

The Scheduling and Resource Multiplexing block schedules the transmission of MPDUs. The Scheduling and Resource Multiplexing block is present in the ARS in order to support distributed scheduling. 
The ARQ block assists MAC ARQ function between ABS, ARS and AMS.
The Fragmentation/Packing block performs fragmenting or packing MSDUs based on scheduling results from Scheduling and Resource Multiplexing block. The Fragmentation/Packing block in an ARS includes the unpacking and repacking of fragments that have been received for relaying in order to adapt the size of MPDUs to the expected channel quality of the outgoing link.
The MAC PDU formation block constructs MAC protocol data units (PDUs) which contain user traffic or management messages. User traffic is assumed to have originated at either the ABS or AMS. The MAC PDU formation block may add or modify MPDU control information (e.g., MAC header).

The Data Forwarding block performs forwarding functions on the path between ABS and ARS/AMS. The Data Forwarding block may cooperate with other blocks such as Scheduling and Resource Multiplexing block and MAC PDU formation block.

The Interference Management block performs functions at the ARS to manage the inter-cell/sector and inter-ARS interference among ARS and ABS. This includes the collection of interference level measurements and selection of transmission mode used for individual MSs attached to the ARS.

Control functions can be divided among the ABS and ARSs using a centralized model or a distributed model. In a centralized model, the ABS makes control decisions and the RSs relay control information between the ABS and AMS. In a distributed model the ARS makes control decisions for MSs attached to it as appropriate, and optionally communicates those decisions to the ABS. The determination of whether a particular control function should be centralized or distributed is made independently for each control function. The classification of specific control functions as centralized or distributed is for further study.

Multi-Radio Coexistence block within the RS handles multi-radio coexistence operation of its AMSs in coordination with the ABS.
The MAC functions on the data plane include the following:

The ARQ block assists MAC ARQ function between ABS, ARS and AMS.
The Fragmentation/Packing block performs fragmenting or packing MSDUs based on scheduling results from Scheduling and Resource Multiplexing block. The Fragmentation/Packing block in an ARS includes the unpacking and repacking of fragments that have been received for relaying in order to adapt the size of MPDUs to the expected channel quality of the outgoing link.

The MAC PDU formation block constructs MAC protocol data units (PDUs) which contain user traffic or management messages. User traffic is assumed to have originated at either the ABS or AMS. The MAC PDU formation block may add or modify MPDU control information (e.g., MAC header).

5.3 E-MBS Protocol Structure

E-MBS or Enhanced Multicast and Broadcast Service (E-MBS) s consists of MAC and PHY protocols that define interactions between the MSs and the BSs.

While the basic definitions are consistent with IEEE Std 802.16-2009 REV2 some enhancements and extensions are defined to provide improved functionality and performance.. 

The breakdown of E-MBS function (see Figure 9) into constituent sub-functions is shown in Figure 15.

In the control plane, E-MBS MAC function operates in parallel with the unicast MAC functions. Unicast MAC functions could operate independently from E-MBS MAC function. E-MBS MAC function may operate differently depending on whether operating in active mode or idle mode.
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Figure 15 Breakdown of the E-MBS Function (Control Plane)
The E-MBS MAC function consists of the following functional blocks:

E-MBS Zone Configuration: This function manages the configuration advertisement of E-MBS zones. An ABS could belong to multiple E-MBS zones. 

E-MBS Transmission Mode Configuration:  This function describes the transmission mode in which E-MBS is delivered over air interface such as single-ABS and multi-ABS transmission. 

E-MBS Session Management: This function manages E-MBS service registration / de-registration and session start / update / termination.

E-MBS Mobility Management: This block manages the zone update procedures when an AMS crosses the E-MBS zone boundary.

E-MBS Control Signaling:  This block broadcasts the E-MBS scheduling and logical-to-physical channel mapping to facilitate E-MBS reception and support power saving.

6 Convergence Sublayer
(Note: the following text has been taken from Section 5 of IEEE Std 802.16-2009)
The service-specific Convergence Sublayer (CS) resides on top of the MAC CPS and utilizes, via the MAC SAP, the services provided by the MAC CPS. The CS performs the following functions: 

· Accepting higher layer protocol data units (PDUs) from the higher layer

· Performing classification of higher layer PDUs 

· Processing (if required) the higher layer PDUs based on the classification 

· Delivering CS PDUs to the appropriate MAC SAP 

· Receiving CS PDUs from the peer entity 

(From section 10.7 of SDD) 

Internet Protocol CS or Generic Packet CS is used to transport packet data over the air interface. For GPCS the classification is assumed to take place on layers above the CS. Relevant information for performing classification is transparently transported during connection setup or change.
7 Physical Layer

8 Support for Enhanced Multicast Broadcast Service
8.1 General Concepts

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.

Both Static and Dynamic Multicast are supported.

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 identifiers (IDs). 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.

An AMS can continue to receive the E-MBS within the E-MBS zone in Connected State or Idle State. The definitions of E-MBS service area and E-MBS region are being studied. FFS.
An ABS may provide E-MBS services belonging to different E-MBS zones (i.e. the ABS locates in the overlapping E-MBS zone area).

E-MBS data bursts may be transmitted in terms of several sub-packets, and these sub-packets may be transmitted in different subframe and to allow AMSs combining but without any acknowledgement from AMSs.

AMSs in an E-MBS zone is allocated a common Multicast STID (MSTID).
8.1.1 Relationship to Basic MBS in Reference System

The basic concepts and procedures in E-MBS are consistent with MBS definitions in IEEE Std 802.16-2009 REV2, but however, the concepts have been adapted to the new MAC and PHY structure.

E-MBS refers to a data service offered on multicast connection using specific (E-)MBS features in MAC and PHY to improve performance and operation in power saving modes. An ABS may allocate simple multicast connections without using E-MBS features.

8.2 E-MBS Transmission Modes

Two types of access to E-MBS may be supported: single-ABS access and multi-ABS access. The S single-ABS access is implemented over multicast and broadcast transport connections within one ABS, while 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 BSs 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 BS. AMS may support both single-ABS and multi-ABS access. The E-MBS service may be delivered via either a dedicated carrier or a mixed unicast-broadcast carrier.

8.2.1 Non-Macro Diversity Support

Non-macro diversity support is provided by frame level coordination in which the transmission of data across ABS’s in an E-MBS Zone is not synchronized at the symbol level. However, such transmissions are coordinated to be in the same frame. This E-MBS transmission mode is supported when macro-diversity is not feasible.

8.2.2 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. An E-MBS zone with SFN is illustrated in Figure 58.
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Figure 58 A single frequency network where multiple ABSs transmit the same content.
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 transmits the same PDUs, using the same transmission mechanism (symbol, subchannel, modulation, and etc.) at the same time.

8.3 E-MBS Operation

8.3.1 E-MBS Operation in Connected State

Details on E-MBS Operation in Connected State is FFS being studied.

8.3.2 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.

Details on E-MBS Operation in Idle State is FFS being studied.

8.3.3 E-MBS Operation with retransmission 
Details on The use of HARQ (retransmissions) in E-MBS O operation with HARQ retransmission is FFS being studied. An ABS may use a network-coding based retransmission scheme that does not require a feedback channel. 

Other schemes requiring feedback channels are FFS being studied.
8.3.4 E-MBS Operation with Link Adaptation

Details on The use of link adaptation in E-MBS O operation with Link Adaptation is FFS is being studied.
8.4 E-MBS Protocol Features and Functions

8.4.1 E-MBS PHY Support

8.4.1.1 Multiplexing of Unicast Data and E-MBS Data

The IEEE 802.16m supports For unicast and E-MBS data multiplexing on a mixed carrier using both TDM and FDM approaches are supported multiplexing schemes for unicast and E-MBS..  When the E-MBS traffic is time division multiplexed with unicast data, the E-MBS and unicast data are carried in different subframes.  When the E-MBS traffic is frequency division multiplexed with the unicast traffic, the PRU resources in units of N2 an integer number of PRUs are partitioned into two sets; one meant for unicast data and the other for E-MBS data.  Further Following time or frequency multiplexing of the unicast and E-MBS data, the subchannelization of unicast and E-MBS data proceeds are done independently.
8.4.1.2 Enhanced Schemes

8.4.1.3 Frame and Control Channel Structure

In unicast/multicast mixed carrier, the 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. If a superframe contains E-MBS subframes, E-MBS subframes are allocated with fixed pattern within superframe. The pattern may vary between superframes. The figure below illustrates the frame structure when E-MBS subframes are present in superframes.
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Figure 59 Illustration for E-MBS Channel support in Mixed Broadcast/Unicast Carrier
For unicast/multicast mixed carrier, the control channel design to support E-MBS is as follows

· S-SFH
· Provides pointers to help AMS find the location of the E-MBS MAP.

· E-MBS MAP (MBS Service Control Channel)

· Indicates physical layer parameters of E-MBS data channels for each service using joint coding.

· E-MBS MAP is transmitted at the beginning of E-MBS resource during one E-MBS scheduling interval.

· E-MBS MAP can point to burst locations in up to N superframes later ahead within the E-MBS scheduling interval.
8.4.2 E-MBS MAC Support

8.4.2.1 E-MBS Zone Configuration

Each E-MBS zone has 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 all the entire 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.
8.4.2.2 E-MBS Scheduling Interval

The E-MBS scheduling interval can span several superframes. The length of the E-MBS scheduling interval may be constrained by the SRD required channel switching times requirements. For each E-MBS Zone there is an E-MBS Scheduling Interval (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 MBS. E-MBS MAP addresses the mapping of MBS data associated with an MBS Zone for the an entire 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.

8.4.2.3 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). This results in the maximum power saving in E-MBS service. After decoding the E-MBS data bursts, the AMS returns to sleep mode (see Figure 60).
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Figure 60 Illustration of E-MBS Power Saving
8.4.2.4 E-MBS Mobility Management

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.

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.

8.4.3 E-MBS CS Layer Support

8.4.3.1 Header Compression

8.4.3.2 Forward Error Correction

The Convergence Sublayer provides forward error correction (FEC), which complements the FEC provided by the PHY layer. The FEC provided by the convergence sublayer takes advantage of extended time diversity and deeper interleaving in order to achieve adequate IP packet error rates.

8.5 E-MBS Transmission on Dedicated Broadcast Carriers

The E-MBS could traffic may be transmitted in a dedicated carrier, or a unicast/E-MBS mixed carrier.

8.5.1 Deployment mode for E-MBS transmission on dedicated broadcast carrier

IEEE 802.16m system may designate the carriers for E-MBS only. 

8.5.2 E-MBS Dedicated Carrier

E-MBS data can be transmitted in broadcast only carrier. In this case a fully configured unicast or unicast/E-MBS mixed carrier could be used to provide signaling support needed for service initiation, and additions and terminations as well as other service and security related exchanges between the AMS and the ABS or the E-MBS servers in the network. The Broadcast Only carrier, may be transmitted at higher power and be optimized for improve performance.

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.
Transmission of Indications to all AMSs or those in the same paging Group on the E-MBS dedicated carrier is FFS being studied.
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Figure 61 E-MBS Deployment with on Broadcast Only and Mixed Carrier
8.5.2.1 Channel coding

IEEE 802.16m supports FEC with large block size should be supported in E-MBS. The use of LDPC code support is FFS is being studied.
8.6  Reusing MBS transmission in 802.16e Zones or Carriers

The E-MBS content which is transmitted to IEEE Std 802.16-2009 e MSs can be accessed by IEEE 802.16m AMS’s operating on the same or a different carrier.

The E-MBS C control signaling in ABS indicates the availability of the service as well as contents. If the E-MBS content is also being transmitted to IEEE Std 802.16-2009 e MS’s in an E-MBS zone, the ABS may direct the AMS to IEEE Std 802.16-2009 e zone in the same carrier or other carriers if supported by the AMS. 

The information provided by the ABS should be sufficient for the AMS to synchronize with the E-MBS data transmissions in a timely manner. E-MBS connection setup and updates for AMSs may be performed using E-MBS control signaling in IEEE 802.16m. AMSs in IEEE 802.16-2009 e zone use the connection setup mechanisms in the reference system.

9 Support for multi-hop relay

9.1 Relay Model

The R relay models capture describe the modes of relay operation supported in IEEE 802.16m Advance WirelessMAN-OFDMA System  based on the frame structure and the access station perspectives. Relaying is performed using a decode and forward paradigm. The ABS and ARSs deployed within a sector operate using either time division duplexing (TDD) or frequency division duplexing (FDD) of DL and UL transmissions.

An ARS operates in time-division transmit and receive (TTR) relaying mode. 

ARSs may operate in transparent or non-transparent mode. Transparent relay is limited to the case scenario where the superordinate station is a non-transparent ARS or an ABS. The ABS can support the co-existence of the transparent and the non-transparent ARSs.

Cooperative relaying is a technique whereby either the ABS and one or more ARSs, or multiple ARSs cooperatively transmit or receive data to/from one subordinate station or multiple subordinate stations. Cooperative relaying may also enable multiple transmitting/receiving stations to partner in sharing their antennas to create a virtual antenna array.

ARS may transmit data to the super-ordinate and sub-ordinate station(s) using the same LRU (e.g., MIMO, network coding, etc)

9.1.1 Zone Configuration for Supporting Transparent Relay

In the transparent ARS frame, the DL Receive Zone is located at the beginning of DL subframes, which is followed by the DL Access Zone, and UL zone configuration is the same as non-transparent ARS case. The DL subframes in the superordinate station of a transparent ARS, e.g., ABS or non-transparent ARS, starts with the DL Transmit Zone.

9.2  Scheduling Model

An ARS operates in distributed or centralized scheduling.

When an ABS is configured to operate in centralized scheduling, the ABS schedules all radio resources in its cell. 

In distributed scheduling, each station (ABS or ARS) schedules the radio resources on its subordinate link within the radio resources assigned by the ABS. The ABS may exercise additional control over the scheduling of its ARSs.

9.3  Security Model

The ARS operates in Security mode could be centralized or distributed security mode. 

9.4  Data and Control Functions

9.4.1 Relay Station State Diagram

The Figure 62 illustrates the Relay Station state transition diagram for an ARS. The diagram consists of 3 three states, Initialization State, Access State, and Operational State.
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Figure 62 System State Transition Diagram of IEEE802.16m Relay Station 
9.4.1.1 Initialization State

In the initialization state, the ARS performs cell selection by scanning and synchronizing to an ABS or ARS A-PREAMBLE, and acquiring the system configuration information through SFH before entering Access State. During this state, if the ARS cannot properly perform the SFH information decoding and cell selection, it should return to perform scanning and DL synchronization. If the ARS successfully decodes SFH information and selects one target ABS or ARS, it transits to the Access State.
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Figure 63 Procedures in the Initialization State Transition Diagram of IEEE802.16m Relay

9.4.1.2 Access State

The ARS performs network entry with the target ABS while in the Access state. Network entry is a multi step process consisting of ranging, pre-authentication capability negotiation, authentication and authorization, capability exchange, registration, neighbor station measurement & access station selection (optional), and ARS operation parameters configuration. The ARS receives its Station ID and transitions to the Operational state. Upon failure to complete any one of the steps of network entry the ARS transitions to the Initialization state.
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Figure 64 Procedures in the Access State Transition Diagram of IEEE802.16m Relay

9.4.1.3 Operational State

During Operational State, the ARS performs tasks that are required to relay the DL/UL traffic transaction between the ABS/ARS and AMS/ARS.
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Figure 65 Procedures in the Operational State Transition Diagram of IEEE802.16m Relay

9.4.2 Addressing

Each ARS is uniquely identified by a STID. When tunnel mode is used, each tunnel established between an ABS and an ARS is assigned with a unique FID. The tunnel connection is uniquely identified by the combination of ARS STID and the associated FID.

The individual MPDUs from/to AMSs can be packed together in the payload of a relay MAC PDU or concatenated to a relay MAC PDU transmitted over the relay link. The STIDs for each individual MAC PDU is carried in the relay MAC PDU. The Access ARS uses the STID information carried in DL relay MAC PDU to generate A-MAP over the access link. The ABS uses the STID information carried in UL relay MAC PDU to identify which AMS the MPDU belongs to.
9.4.3 MAC PDU construction

One or more tunnels may be established between the ABS and the access ARS after the network entry is performed. Each tunnel between an ARS and ABS is identified by a unique Flow ID. Connections of an AMS may be mapped to one or multiple tunnels.

The mode for constructing and forwarding MPDUs through a tunnel is called tunnel mode. In the tunnel mode, the MAC PDUs that traverse a tunnel shall be is encapsulated in a relay MAC PDU with the relay MAC header carrying a tunnel identifier. Multiple MAC PDUs from connections that traverse the same tunnel can be concatenated into a relay MAC PDU for transmission.

9.4.4 Topology Discovery

An ABS determines that an AMS/an ARS sending initial ranging is directly accessing the ABS, or through an ARS. The ABS discovers topology information of all the ARS and AMS connected through it during the initial ranging.

9.4.5 ARQ mechanism

When distributed scheduling is used, The ARS may perform ARQ operation with adjacent stations (superordination and subordinate station) or the ARS may perform ARQ operation with ABS and AMS. ABS or MS shall clears the buffer when it receive ACK from MS or ABS respectively

When centralized scheduling is used, The ARSs shall not be is not involved in the ARQ operation between the ABS and the AMS.

9.4.6 HARQ mechanism

When distributed scheduling is used, ARS shall performs HARQ operation with adjacent stations (superordinate ion and subordinate station).
When centralized scheduling is used, ARS shall performs HARQ operation with adjacent stations, but ARS shall informs HARQ burst failure information to ABS for retransmission scheduling.

9.4.7 ARS Network entry and Initialization

The ARS shall follows network entry and initialization procedure of AMS. Additionally, ARS may perform interference measurement of neighbor stations, path creation, and tunnel connection establishment with ABS. ARS operation parameters are obtained from access station by configuration signaling.

9.4.8 AMS Network Entry support in ARS

AMS Network entry procedure could may be distributed between ARS and ABS. The ARS should handle the initial link adjustment adaptation with AMS. The remaining AMS network entry procedures such as capability negotiation, connection establishment, authentication, registration are processed between AMS and ABS.

9.4.9 AMS mobility support

9.4.9.1 AMS handover support

The ABS shall controls the handover of AMS including scanning and network topology advertisement. The ARS only relays the MAC control signaling (e.g., HO command message and HO indication message) between the subordinate AMS and the ABS. 

In the case that the same AMS’s context is used between an ABS and the ABS’s subordinate ARSs, the transfer of the AMS’s context can be omitted when the AMS moves around under the ABS. An ARS supports its AMS’s handover to other access station, when the current connection with its access station is lost or for load balancing.

9.4.9.2 AMS idle mode support

The ABS shall be is responsible for generating MAC control signaling (e.g., DREG-CMD, MOB_PAG-ADV of WirelessMAN-OFDMA Reference system IEEE Std 802.16-2009) which may be relayed by an ARS to the subordinate AMS. An ARS can have the same or a subset of paging groups which are assigned to its superordinate ABS.
9.4.10 Relay path management

The ABS shall controls the path management centrally including path establishment, removal and update by explicit signaling. Path establishment can be implemented during the network entry of an ARS, and the path establishment procedure can be combined with the procedure for establishing a tunnel connection of the ARS if tunneling is allowed. The explicit path information and a uniquely assigned path ID can be included in the signaling.

When a connection for an AMS is established, the connection to path binding information can be updated along the path.
9.4.11 Interference Mitigation Support for Relay

Interference mitigation techniques described in section 20 may also be used between the ABS and ARSs within a sector under the control of the ABS.
9.4.12 Relay Support of Multi-Carrier Operation

ARSs may support multi-carrier functionality. All operational principles for multi-carrier operation apply to a system involving ARSs unless explicitly stated otherwise. When multicarrier is enabled in an ARS, only the fully configured carriers are relayed. For a multicarrier capable AMS, all the carriers over which a service is provided to the AMS, are transmitted by the same station (ABS or ARS).
10  Support for Multi-carrier Operation
10.1 Multi-carrier operation Principles

The carriers involved in a multi-carrier system, from one AMS point of view, can be divided into two types:

· A Primary carrier is the carrier used by the ABS and the AMS to exchange traffic and PHY/MAC control information defined in IEEE 802.16m specification. Further, the primary carrier is used for control functions for proper AMS operation, such as network entry. Each AMS has only one carrier it considers to be its primary carrier in a cell.

· A Secondary carrier is an additional carrier which the AMS may use for traffic, only per ABS’s specific allocation commands and rules typically received on the primary carrier. The secondary carrier may also include control signaling to support multi-carrier operation.

Based on the primary and/or secondary usage, the carriers of a multi-carriers system may be configured differently as follows:

· Fully configured carrier: A carrier for which all control channels including synchronization, broadcast, multicast and unicast control signaling are configured. Further, information and parameters regarding multi-carrier operation and the other carriers can also be included in the control channels. Fully configured carrier supports both single carrier AMS and multicarrier AMS.

· Partially configured carrier: A carrier with only downlink transmission in TDD or a downlink carrier without paired UL carrier in FDD mode and configured with all control channels to support downlink transmission.

A primary carrier is fully configured while a secondary carrier may be fully or partially configured depending on deployment scenarios.
The following is common to all multi-carrier operation modes:

· The system defines N standalone fully configured RF carriers; each fully configured with all synchronization, broadcast, multicast and unicast control signaling channels. Each AMS in the cell is connected to and its state is controlled through only one of the fully configured carriers as its primary carrier. 

· The system defines M (M >= 0) partially configured RF carriers, each configured with all control channels needed to support downlink transmissions during multicarrier operation.

· In the multicarrier operation a common MAC can utilize radio resources in one or more of the secondary carriers, while maintaining full control of AMS mobility, state and context through the primary carrier.

· Some information about the secondary carriers including their presence and location is made available to the AMS through the primary carriers. The primary carrier may also provide AMS the information about the configuration of the secondary carrier. 

· The resource allocation to an AMS can span across a primary and multiple secondary RF carriers. Link adaptation feedback mechanisms should incorporate measurements relevant to both primary and secondary carriers.

· A multi-carrier system may assign secondary carriers to an AMS in the downlink and/or uplink asymmetrically based on system load (i.e., for static/dynamic load balancing), peak data rate, or QoS demand. 

· In addition to utilizing the primary RF carrier for data transfers, the ABS may dynamically schedule resources for an AMS across multiples secondary RF carriers.  Multiple AMSs, each with a different primary RF carrier may also share the same secondary carrier. 

· The multiple carriers may be in different parts of the same spectrum block or in non-contiguous spectrum blocks. The use of non-contiguous spectrum blocks may require additional control information on the secondary carriers.
· Each AMS will consider only one fully configured RF carrier to be its primary carrier in a cell. A secondary carrier for an AMS, if fully configured, may serve as primary carrier for other AMSs.

There are two multicarrier deployment scenarios.

Scenario 1: All carriers in the system are fully configured to operate standalone and may support some users as their primary carrier and others as their secondary carrier. AMS can, in addition, access on secondary channels for throughput improvement, etc.
Scenario 2: In addition to fully configured and standalone RF carriers the system also utilizes additional partially configured supplementary radio carriers optimized as downlink transmission only service like multicast and broadcast services. Such supplementary carriers may be used only in conjunction with a primary carrier and cannot operate standalone to offer IEEE 802.16m services for an AMS.

In multi-carrier operation, an AMS can access multiple carriers. The following multi-carrier operation modes are identified:

· Carrier aggregation

· AMS always maintains its physical layer connection and monitors the control information on the primary carrier.

· Carrier switching

· AMS can switch its physical layer connection from the primary to the secondary carrier per ABS’s instruction. AMS connects with the secondary carrier for the specified time period and then returns to the primary carrier. When the AMS is connected to the secondary carrier, the AMS does not need to maintain its physical layer connection to the primary carrier.

· This mode is used for primary carrier switching to partially configured carriers for downlink only transmission.

10.2  Subcarrier Alignment for Utilization of Guard Subcarriers of Adjacent Frequency Channels

When multiple contiguous frequency channels are available, the guard sub-carriers between contiguous frequency channels can be utilized for data transmission only if the sub-carriers from adjacent frequency channels are well aligned. In mixed mode operation, the legacy channel raster shall be is maintained. In order to align those sub-carriers from adjacent frequency channel, a frequency offset (Δf’) can be applied to its FA. The basic idea is shown by the example in Figure 69.
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Figure 69 illustration of sub-carrier alignment by applying a fraction of sub-carrier spacing to the FA of adjacent frequency channel
  In order to utilize the guard sub-carrier for data transmission, the information of the available guard sub-carriers eligible for data transmission is sent to AMS. This information includes the numbers of available sub-carriers in upper side and in lower side with respect to the DC sub-carrier of carrier.

10.3  PHY Aspects of OFDMA Multi-carrier Operation

Physical layer to support OFDMA The multi-carrier support in physical layer operation is shown in Figure 70. A single MAC PDU or a concatenated MAC PDUs is received through the PHY SAP and they can form a FEC block called PHY PDU. The figure shows that the physical layer performs channel encoding, modulation and MIMO encoding for a PHY PDU and generates a single modulated symbol sequence. Any one of the multiple carriers (primary or secondary carriers) can deliver a modulated symbol sequence. Different modulated symbol sequences transmitted on the same or different carriers may have different MCS and MIMO schemes. Or, in case of allocation on DRU, a single modulated symbol sequence may be segmented into multiple segments where each segment can be transmitted on a different carrier. The same MCS level and MIMO scheme are used for all segments of a PHY PDU. The physical layer performs subcarrier mapping for a modulated symbol sequence or a segment of the sequence relevant to the given carrier.
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Figure 70 An example of physical layer structure to support multi-carrier operation
The following describes the details of the PHY PDU transmission operation: 

1. For a PHY PDU, the PHY delivers a single modulated symbol sequence. This modulated symbol sequence, is regarded as a single HARQ packet the same as in a single carrier system. 

2. A modulated symbol sequence of a PHY PDU can be transmitted as follows:

A. Transmitting the modulated symbol sequence on a single RF carrier. Note that in the same time, different PHY bursts may be transmitted to an AMS from different RF carriers.

B. Transmitting the modulated symbol sequence on DRUs across several RF carriers, via PHY burst segmentation and mapping to different RF carriers, by using the same MCS and MIMO scheme.

3. In the multi-carrier system, an LRU is defined independently per carrier. The RF carrier specific physical layer performs subcarrier mapping based on the LRU per carrier. It must be noted that the radio resource utilization on each RF carrier may be different.

The use of PHY segmentation, i.e. transmitting one PDU across multiple carriers is FFS is being studied.

10.3.1 Frame Structure

The frame structures to support multi-carrier can be found multicarrier support in the frame structure is illustrated in Figure 71 and Figure 72.

10.3.1.1 Frame Structure to support multi-carrier operation

The support for multiple RF carriers can be accommodated is provided with the same frame structure used for single carrier support, however, some considerations in the design of protocol and channel structure may be needed to efficiently support this feature.

In general, each MS operating under IEEE 802.16m standard is controlled by one RF carrier, herein referred to as the primary RF carrier. When multi-carrier operation feature is supported, the system may define and utilize additional RF carriers to improve the user experience and QoS, or provide services through additional RF carriers configured or optimized for specific services. 

Figure 71 shows that the same frame structure would be applicable to both single carrier and multicarrier mode of operation. A number of narrowband BW carriers can be aggregated to support effectively wideband r BW operation. Each carrier may have its own Advanced Preamble and superframe header. Further, some carriers may have less information in superframe header based on the carrier configuration. A multi-carrier AMS is an MS which can utilize radio resources across multiple RF carriers under the management of a common MAC. Depending on MS's capabilities, such utilization may include aggregation or switching of traffic across multiple RF carriers controlled by a single MAC instantiation.
The multiple carriers involved in multi-carrier operation may be in a contiguous or non-contiguous spectrum. When carriers are in the same spectrum and adjacent and when the separation of center frequency between two adjacent carriers is multiples of subcarrier spacing, no guard subcarriers are necessary between adjacent carriers. When carriers are in non-contiguous spectrum, the number of uplink subframes is not necessarily the same for all the carriers in TDD.


[image: image26] 
Figure 71 Example of the multicarrier support in the proposed frame structure to support multi-carrier operation
10.3.1.2 Frame Structure Supporting Legacy Frames in IEEE 802.16m Systems with Wider Channel Bandwidths

Figure 72 shows an example for the IEEE 802.16m frame structure supporting legacy frame in a wider channel. A number of narrow bandwidth carriers of the IEEE 802.16m can be aggregated to support wide bandwidth operation of AMSs. One or multiple of the carriers can be designated as the legacy carrier(s). When the center carrier spacing between two adjacent carriers is an integer multiple of subcarrier spacing, it is no necessary to reserve guard subcarriers for the IEEE 802.16m carriers. Different number of usable guard sub-carriers can be allocated on both sides of the carrier.

For UL transmissions both TDM and FDM approaches should be are supported for multiplexing of legacy and AMSs in the legacy and IEEE 802.16m mixed carrier. The TDM in the figure is only for an example.

In the case when the edge carrier is a legacy carrier, the impact of the small guard bandwidth on the edge of the wider channel on the filter requirements is FFS being studied.
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Figure 72 Illustration of frame structure supporting legacy frames with a wider channel
10.3.2 Channel Coding, Modulation and HARQ

For a PHY PDU, channel encoding, modulation and MIMO encoding are performed as in a single carrier operation to generate a single modulated symbol sequence. The modulated symbol sequence can be segmented and transmitted over DRUs in multiple carriers as shown in Figure 61.

The modulated symbol sequence is regarded as a single HARQ packet. HARQ feedback for PHY PDU sent across primary and secondary carriers can be carried in the primary carrier. HARQ feedback for PHY PDU sent only in the secondary carrier can be carried in the secondary carrier.

10.3.3 Data Transmission over Guard Resource

The guard sub-carriers between contiguous RF carriers in the new zone can be utilized for data transmission if the sub-carriers on contiguous RF carriers are well aligned. The serving ABS and the AMS need to negotiate their capability to support guard sub-carrier data transmission. The set of guard sub-carriers utilized for data transmission is defined as guard resource.

10.3.3.1 PHY Structure Support

Each carrier can exploit subcarriers at band edges as its additional data subcarriers. The guard resource forms integer multiples of PRUs. The resulting data subcarriers (including guard resource) form PRUs. The PRU structure used for guard resource is the same as the structure of the ordinary PRU in 11.5 and 11.6. For the carrier, CRUs may be constructed from the PRUs including PRUs from guard resource. The support of DRU is FFS being studied.

The ABS provides information regarding the use of guard resource for data channels. Guard resource is not used for control channels transmission.

Figure 73 below illustrates example of exploiting guard subcarriers for data transmission.


[image: image28.emf]Multiples of subcarrier spacingMultiples of subcarrier spacing

Carrier N-1Carrier NCarrier N+1

P

R

U

f

o

r

m

e

d

 

b

y

 

g

u

a

r

d

 

s

u

b

c

a

r

r

i

e

r

s

P

R

U

P

R

U

P

R

U

P

R

U

P

R

U

P

R

U

Permutation (CRU)

P

R

U

f

o

r

m

e

d

 

b

y

 

g

u

a

r

d

 

s

u

b

c

a

r

r

i

e

r

s

P

R

U

f

o

r

m

e

d

 

b

y

 

g

u

a

r

d

 

s

u

b

c

a

r

r

i

e

r

s

P

R

U

f

o

r

m

e

d

 

b

y

 

g

u

a

r

d

 

s

u

b

c

a

r

r

i

e

r

s


Figure 73 Example of data transmission using the guard subcarriers
10.3.4 Allocation Scheme for OFDMA Multi-carrier

A specific allocation signaling information element is made used to indicate the allocation of OFDMA data regions which is defined as a set of LRUs. A modulated symbol sequence of a PHY PDU can be sent through a single carrier (primary or secondary). In this case, there is only one data region for the modulated symbol sequence in a carrier. Additionally, a modulated symbol sequence of a PHY PDU can be segmented for the allocation in DRU and multiple carriers can deliver the segments through each carrier. In this case, there are multiple data regions for the modulated symbol sequence across multiple carriers. The segmentation is only allowed for the allocation in DRU. Allocation information indicates a data region or multiple data regions with other parameters like MCS level. When multiple PHY PDUs are transmitted over multiple carriers in a subframe, the delivery order is being studied FFS. 
For each AMS the allocation information for both its Primary and secondary carriers is sent through the primary carrier, or the allocation information for each carrier is sent through the carrier itself. 

10.3.5 Data Regions and Sub-carrier Mapping for OFDMA Multi-carrier Operation

When a modulated symbol sequence is transmitted through one carrier, the sequence is mapped using the same mapping rule of the single carrier mode. When a modulated symbol sequence is segmented, each segment can be mapped to OFDMA data regions over multiple carriers using the algorithms defined below, where logical carrier index is defined as FFS being studied.

a) Segment the modulated symbol sequence into blocks sized to fit into a single LRU.

b) Map each segmented block onto one LRU from the lowest LRU index in the OFDMA data region of the carrier with the lowest logical carrier index.

c) Continue the mapping so that the LRU index increases. When the edge of the data region is reached, continue the mapping from the lowest LRU index in the OFDMA data region of the carrier with the next available logical carrier index.

d) Continue the mapping until the all modulated data symbols are mapped.

An example is shown in Figure 74. Within the LRU, subcarrier mapping follows the mapping rule for a single carrier case.
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Figure 74 Example of modulated symbol sequence mapping in OFDMA multi-carrier operation
10.3.6 DL Control Structure

All DL controls channel needed for single carrier operation are needed for the fully configured carrier. For partially configured carrier, DL control channels necessary for UL transmission are not present.
Obtaining System Information of Secondary Carriers

· For the case where the AMS can simultaneously decode multiple carriers, the AMS can decode the Superframe Headers of its secondary carriers. ABS may instruct the AMS, through control signaling on the primary carrier, to decode Superframe Headers of specific set of secondary carriers.

· When the AMS cannot simultaneously decode multiple carriers, the ABS can convey the system information of secondary carriers to AMS, through control signaling on the primary carrier.

10.3.6.1 A-PREAMBLE
Primary and Secondary SCHs are present in a fully configured and partially configured carrier. In a fully configured and partially configured carrier, the location and transmission format of A-PREAMBLE is the same as that of the single carrier described in 11.7.2.1. 

10.3.6.2 SFH
The SFH is present in a fully configured and partially configured carrier. In a fully configured and partially configured carrier, the location and transmission format of P-SFH/S-SFH is the same as that of single carrier described in section 11.7.2.2. 

10.3.6.3 A-MAP
An A-MAP is present in a fully configured carrier. The location and transmission format of A-MAP on the fully configured carrier is the same as that defined in 11.7.2.3.  

The presence and use of A-MAP on the partially configured carrier is being studied FFS.

10.3.6.4 Additional Broadcast Information

All additional broadcast information related to multicarrier operation is carried with the fully configured carrier. Except uplink information, all additional broadcast information related to operation of partially configured carrier can be carried by the partially configured carrier.

10.3.7 UL Control Structure

All UL controls channel needed for single carrier operation are supported for the fully configured carrier. A partially configured carrier does not have any uplink capability, optimized for downlink only transmissions such as multicast and broadcast services. 

10.3.7.1 UL Fast Feedback Channel

The ABS configures the set of carriers for which the AMS reports fast feedback information. The ABS may only allocate resource to the AMS on a subset of those configured carriers. Fast feedback information for link adaptation for SIMO and information for MIMO operation can be sent through the primary carrier. The fast feedback information related to the assigned secondary carriers can be carried in those carriers if supported by their configuration. 

10.3.7.2 UL HARQ Feedback Channel

HARQ feedback for PHY PDU sent across primary and secondary carriers can be carried in the primary carrier. HARQ feedback for PHY PDU sent in secondary is carried in the secondary if supported by the secondary carrier configuration

10.3.7.3 UL Ranging Channel 

UL initial ranging for non-synchronized AMS is conducted on a fully configured carrier. UL periodic ranging for synchronized AMS is conducted on the primary carrier but may also be performed in a secondary carrier if supported by the secondary carrier. The issue of periodic ranging on the secondary carrier, autonomously performed by the AMS or directed by the ABS, is FFS being studied. The serving ABS transmits the ranging response on the same carrier that the UL ranging is received.

10.3.7.4 UL sounding channel

The UL sounding is conducted performed on the primary and secondary carrier.

10.3.7.5 Bandwidth Request Channel

The BW request channel is transmitted only on the primary carrier.

10.3.8 UL Power Control

Depending on the correlation between RF carriers, separate controls of UL power for different RF carriers are necessary. Thus, one or multiple power control commands for multiple carriers are supported. Although multiple power control commands are allowed, the power control commands or messages can be sent to AMS through the primary carrier. 

10.4  MAC Aspect of OFDMA Multi-carrier Operation

The MAC layer in OFDMA multi-carrier mode will operates in the same way as single carrier MAC. 

10.4.1  Addressing

There is no difference between a single carrier and OFDMA multi-carrier operation from an addressing perspective as described in sub-clause 10.1.

10.4.2  Security

All the security procedures between AMS and ABS are performed using only the AMS’s primary carrier. The security context created and maintained by the procedures is managed per ABS through the primary carrier.

10.4.3 Initial Entry

The AMS attempts initial ranging and network entry only with a fully configured carrier. An AMS needs to know which carrier(s) of the ABS are fully configured carriers. 

The ABS may use a preamble sequence selected from a predefined set of sequences reserved for partially configured carriers. By detecting a preamble sequence designated for partially configured carrier the AMS skips that carrier and proceed with scanning and selection of alternative carrier.

Once the AMS detects the A-PREAMBLE on a fully configured carrier, the AMS may proceed with reading decoding the SFH or the extended system parameters and system configuration information where the ABS indicates its configuration and its support for multicarrier feature. The AMS can decide on proceeding with network entry with the current carrier or going to alternative carriers based on this information. 

Once a candidate primary carrier is determined the initial network entry procedures are the same as in single carrier mode. The carrier on which the AMS successfully performs initial network entry becomes the primary carrier of the AMS. After successful ranging, the AMS follows the capability negotiation procedure in which it provides ABS with its OFDMA multi-carrier capabilities, such as carrier aggregation or carrier switching. The ABS may provide configuration parameters of other carriers to the AMS. The ABS may assign secondary carriers to the AMS, through negotiation with the AMS.

The AMS may omit skip UL ranging (for time/frequency synchronization and power adjustment purpose) with secondary carrier. In this case, AMS uses the same timing, frequency and power adjustment information for the secondary carrier as in the primary carrier. The AMS may perform fine timing/frequency/power adjustment on the secondary carrier through measuring the sync channel advanced preambles and/or pilot on the secondary carrier. The AMS may perform UL ranging with secondary carrier. In this case, power adjustment results in the primary carrier may be used as initial transmission power for UL ranging over the secondary carrier and the ranging resource for synchronized AMS is used. Initial ranging on the secondary carrier is directed by the ABS. For this, the ABS may assign the dedicated ranging code through the primary carrier to enhance the ranging in the secondary carrier.

10.4.4 MPDU Processing

The construction and transmission of MAC PDU in OFDMA multi-carrier operation mode is the same as that in single carrier operation mode.

10.4.5 Bandwidth Request and Allocation

All bandwidth requests are transmitted on the AMS’s primary carrier using the assigned UL control channels following the same procedures as single carrier mode. Bandwidth request using piggyback scheme is also allowed in the secondary carriers. The ABS may allocate UL resources which belong to a specific carrier or a combination of multiple carriers.

10.4.6 QoS and Connection Management

QoS and Connection management in multicarrier mode are based on single carrier mode. The Station ID and all the Flow IDs assigned to an AMS are unique identifiers for a common MAC and used over all the carriers. The followings are also applicable: 

1. The connection setup signaling is performed only through the AMS’s primary carrier. The connection is defined for a common MAC entity.

2. AMS’s QoS context is managed per service flow for each AMS, and is applicable across primary carrier and secondary carriers and collectively applied to all carriers.

3. Flow ID is maintained per AMS for both primary carrier and secondary carriers.

4. The required QoS for a service flow may be one of the parameters considered in order to determine the number of secondary carriers assigned to the AMS.

10.4.7 Carrier Management

The following steps summarize the high level sequence of procedures involved in the MC operation: 

1. The ABS periodically broadcasts its MC mode and MC configuration 

· The carriers listed in the MC configuration message are called Available Carriers.  Not all available carriers can be assigned to an AMS but all available carriers are introduced to AMS’s along with their respective Physical Carrier Index. 

· The ABS may also send the detailed MC configuration to the AMS broadcast messaging.

2. The AMS Performs initialization and network entry. The process is the same as SC mode.

3. The AMS and the ABS perform MC Capability negotiation. Example Capabilities may include:

· Carrier Switching Only

· Capability to concurrently receive and aggregate MC’s and Max No. of Carriers

· Capability to concurrently aggregate and transmit on MC’s, Max No. of Carriers. Note the AMS’s MC capability may be different for TX and RX.

· Capability to support Aggregation across Non-contiguous Spectrum, Max RF distance between carriers. This is in addition to AMS’s support for multiple band classes.

Based on AMS RF capabilities, loading of available carriers or other factors, the ABS may provide more detailed configuration information on subset of available carrier designated as Assigned Secondary Carriers to AMS. The ABS may update and release the assigned secondary carriers based on loading and other factors.
The AMS does not perform any PHY/MAC processing on Assigned Secondary Carriers until directed by the ABS. 

4. The ABS allocates a subset of assigned secondary carriers to be ready for the potential use for MC data transmission based on QoS requirement, loading and other factors. This subset is called the Active Secondary Carriers.  

· AMS performs PHY/MAC processing on those active carriers. The ABS may update and release the active secondary carriers based on QoS requirement, loading and other factors. 

· The ABS may assign a logical carrier index to each active secondary carrier for the AMS. Primary carrier is always assigned with logical carrier index 0. 

· The ABS makes MC traffic allocation which may be:

· Aggregation across all fully configured active carriers.

· Aggregation involving at least one partially configured active carrier 

· Switching from one fully configured active carrier to another fully configured carrier which will result in primary carrier change 

· Switching to a partially configured active secondary carrier. 
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Figure 75 Illustration of the Relation between Available, Assigned and Active Carriers
	
	Definition and Properties

	Available Carriers
	Multiple carriers which are available in an ABS

· Not all Available carriers may be supported by the AMS

· No Processing on these Carriers 

· Referred to with Physical Carrier Indexes, which are unique within an ABS.

	Assigned Carriers
	Subset of Available Carriers which may be potentially used by the AMS

· Determined according to the capability of the AMS,  SLA’s , loading of available carriers of the ABS or other factors.

· No processing on these carriers until directed by the ABS.

· Referred to with Physical Carrier Indexes, which are unique within an ABS.

	Active Carriers
	Subset of Available Carriers which are ready to be used for MC assignments.

- Determined based on QoS requirement and other factors

- PHY/MAC processing are is required for the active carriers.

 - Referred to with Physical Carrier Indexes, which are unique within an ABS. 

- Additional logical carrier indexes are allocated. Logical Carrier Indexes are unique only within the AMS.

[- Resource allocation information (in A-MAP / E-MBS MAP) May be monitored.]

- Broadcast messages (in SFH/Data Burst) should be monitored for Tx/Rx of data.]


Table 9 Definitions of Available, Assigned and Active Carriers
10.4.7.1 Primary Carrier Change

The ABS may instruct the AMS, through control signaling on the current primary carrier, to change its primary carrier to one of the available fully configured carriers within the same ABS for load balancing purpose, carriers’ varying channel quality or other reasons. AMS switches to the target fully configured carrier at action time specified by the ABS. The carrier change may also be requested by the AMS through control signaling on the current primary carrier. Given that a common MAC entity manages both serving and target primary carriers, the network re-entry procedures at the target primary carrier is not required. The ABS may direct an AMS to change the primary carrier without scanning.

The ABS may instruct AMS to perform scanning on other carriers which are not serving the AMS. The AMS reports the scanning results back to the serving ABS, which may be used by the ABS to determine the carrier for the AMS to switch to.  In this case, if the target carrier is not currently serving the AMS, the AMS may perform synchronization with the target carrier if required.

10.4.7.2 Carrier switching between a primary carrier and a secondary carrier

Primary to secondary carrier switching in multi-carrier mode is supported when secondary carrier is partially configured. The carrier switching between a primary carrier and a secondary carrier can be periodic or event-triggered with timing parameters defined by multi-carrier switching message on the primary carrier.  When an AMS switches to a secondary carrier, its primary carrier may provide basic information such as timing and frequency adjustment to help with AMS’s with fast synchronization with the secondary carrier. 

10.4.8 Handover Support

An AMS in multi-carrier operation follows the handover operation in single carrier mode of IEEE 802.16m. MAC management messages in relation with handover between an AMS and an ABS are transmitted over the AMS’s primary carrier. Similar to the procedure defined in 10.3.2.2.3, if directed by serving ABS via HO Command control signaling, the AMS performs network re-entry with the target ABS on the assigned fully configured carrier at action time while continuously communicating with serving ABS. However, the AMS stops communication with serving ABS on primary/secondary carriers after network re-entry at target ABS is completed. In addition, AMS cannot exchange data with target ABS prior to completion of network re-entry. Multiplexing of network re-entry signaling with target ABS and communications with serving ABS is done via multiple radio carriers. Figure 63 shows a general handover call flow for AMS with multi-carrier capability. 
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Figure 76 A general call flow for an AMS with multi-carrier capability
In case AMS is capable to process multiple carriers at the same time, the target primary carrier can be different than the one chosen in serving cell. Figure 77 shows an example HO call flow of the case in which AMS is capable to process multiple carriers at the same time and the target primary carrier is different from the serving primary carrier.
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Figure 77 A example call flow for multi-carrier HO in which the target primary carrier is different from the serving primary carrier
To facilitate AMS’s scanning of neighbor ABS’s fully configured carriers, the serving ABS may broadcast/multicast/unicast the neighbor ABS’s multi-carrier configuration information to the AMS. 

When an AMS receives handover notification from an ABS or when an AMS sends HO notification to an ABS, the AMS may get the information on OFDMA multi-carrier capabilities of one or more possible target ABSs in the handover transaction. 

After handover to a certain target ABS is determined, the AMS conducts network re-entry through its target primary carrier. After the completion of network re-entry procedure, the AMS and the ABS may communicate over AMS’s primary and/or secondary carriers.

Regardless of multi-carrier support, an AMS capable of concurrently processing multiple radio carriers, may perform scanning with neighbor ABSs and HO signaling with the target ABS using one or more of its available radio carriers, while maintaining normal operation on the primary carrier and secondary carriers of the serving ABS. The AMS may negotiate with its serving ABS in advance to prevent allocation over those carriers used for scanning with neighboring ABSs and HO signaling with the target ABS.

10.4.9  Power Management

The AMS is only assigned to one or more secondary carrier during the active/normal mode. Therefore, the power saving procedures in OFDMA multi-carrier mode of operation are the same as single carrier mode and all messaging including idle mode procedures and state transitions are handled by the primary carrier.

In active/normal mode AMS can be explicitly directed through the primary carrier to disable reception on some secondary carriers to satisfy the power saving. When reception is disabled, no allocation can be made on those secondary carriers. When the primary carrier indicates that there is no allocation in secondary carriers, the AMS can disable reception on that carrier.

10.4.9.1  Sleep Mode 

When an AMS enters sleep mode, the negotiated policy of sleep mode is applied to a common MAC regardless of OFDMA multi-carrier mode and all carries powers down according to the negotiated sleep mode policy. During the listening window of sleep mode, the traffic indication is transmitted through the primary carrier. Data transmission follows the normal operation (no sleep) defined for multiple carriers.

· One set of unified sleep mode parameters (i.e., sleep window and listening window configuration) are configured for an AMS regardless of single carrier or multi-carrier operation.

· During listening window, AMS monitors the traffic indication on the primary carrier. If traffic indication is negative, AMS goes back to sleep. If traffic indication is positive, AMS continues to monitor the primary carrier control channel to know if it has traffic scheduled for transmission on the primary carrier and/or secondary carrier. Note that the serving ABS may request AMS to switch its primary carrier during the listening window for load balancing or power saving. 

10.4.9.2 Idle Mode 

During paging listening interval, AMS monitors paging notification on a fully configured carrier. The procedure for paging is the same as defined for single carrier. The selection of the paging carrier in the multicarrier deployment is the same for single carrier and multicarrier capable AMSs. When paged, the AMS can perform network re-entry procedure with the paged carrier. 

Messages and procedures to enter the idle mode between AMS and ABS are processed through the primary carrier. The network re-entry procedure from idle mode is similar to those of initial network entry. One set of unified idle mode parameters (i.e., paging listening interval and paging unavailable interval configuration) is configured for an AMS regardless of single carrier or multi-carrier operation.

10.4.10 E-MBS Support

IEEE 802.16m system may designate the partially configured carriers for E-MBS only. The multi-carrier AMS which is capable to process multiple radio carriers at the same time may perform normal data communication at one carrier while receiving the E-MBS content over another carrier.
- - - - - - - - - - - - - - - - - - - - - - - - - - - End Proposed Text - - - - - - - - - - - - - - - - - - - - - - - - -[image: image33.emf] 

CQ

I  


Home Network Service Provider





Access Service Provider Network


(Internet)





Access Service Provider Network


(Internet)





R5





R3








Connectivity


Service


Network








Connectivity


Service


Network





R4





Access Service Networks





802.16m


MS





R1





BS





BS





802.16e


MS





R6





Access Service Network Gateway





R2 (logical interface)





R1





R6





R8





Access Service Network























































































































































































































































































































































































































































































































































































































Layer 1 and Layer 2 to be specified by IEEE 802.16m
















































































































































































IEEE 802.16m Data/Control Plane








































































































IEEE 802.16f/g NetMAN





Physical Layer


(PHY)





PHY SAP





Security Sublayer











Medium Access Control Functions











Radio Resource


Control


and


Management Functions





MAC SAP














Convergence


Sublayer





CS SAP





Security Sublayer

















Management Layer


Common Part


Sublayer





Management Entity


Physical Layer





Management Entity


Service Specific


Convergence Sublayer





MAC Common-Part Sublayer


























































































































































































































































































































































































































Visited Network Service Provider

























































































































































































































































































































































































































































































�Additional text has been added to explain the figure.


�Need some text here


�Need some text here





[image: image34.emf]R

F

C

3

R

F

C

2

R

F

C

1

Superframe

S

u

p

e

r

f

r

a

m

e

h

e

a

d

e

r

F0

SF

0

SF

1

SF

2

SF

3

SF

4

SF

5

SF

6

SF

7

Single 

Carrier 

MSs

Multicarrier MSs

F3F1F2

.

.

.


  


_1300823286.vsd

_1300824003.vsd
Sleep mode


Connected State


Sleep Interval


Listening Interval



Active Mode


Scanning Mode


From Access 
State


To Idle State


or 
Initialization State



_1307439482.ppt


Power on/off

Power Down

Initialization State

Access State

Connected State

Idle State

Normal Network Re-Entry

Fallback Operation Path








_1308038225.ppt


1

5

4

8

3

7

2

6

9

IEEE 802.16m

IEEE 802.16m

IEEE Std 802.16j-2009

IEEE Std 802.16-2009

IEEE Std 802.16j-2009

IEEE Std 802.16-2009

IEEE Std 802.16-2009

10

IEEE 802.16m

11

ABS

ARS

AMS

MS

RS

















MRBS

ARS

RS



*

















UNKNOWN-0.vsd



UNKNOWN-1.vsd



UNKNOWN-2.vsd






_1300824213.vsd
Scanning and DL Synchronization
(Preamble Detection)


Initialization State


Super-frame Header (SFH) Acquisition

Cell Selection Decision


Power On/Off


To Access State


From Access State
or Connected State or Idle State



_1300823389.vsd
�

medium access control











MAC PDU formation






Encryption


Network Layer


Convergence Sublayer


ARQ


Scheduling and Resource Multiplexing


Physical Layer


QoS


PHY control






Radio Resource Management


Control Signaling


Link Adaptation (CQI, HARQ, power control)


Service Flow and Connection Management


Security management


MBS


Idle Mode Management


Mobility Management


Network-entry Management


System configuration management


Sleep Mode Management


Fragmentation/Packing


Ranging


Location management


Multi-Carrier Support


Relay functions


Interference management


Data Forwarding


Multi-Radio Coexistence


PHY control signaling


Self-Organization



_1300823426.vsd
     medium access control











MAC PDU formation






Encryption


Network Layer


Convergence Sublayer


ARQ


Scheduling and Resource Multiplexing


Physical Layer


Link Adaptation (CQI, HARQ, power control)


QoS


Ranging


PHY Control






Control Signaling


Service Flow and Connection Management


Location Management


MBS


Idle Mode Management


Mobility Management


Radio Resource Management


Sleep Mode Management


PHY control signaling


Fragmentation/Packing


Network entry management


Security management


System configuration management


Multi-Carrier Support


Relay functions


Interference management


Data Forwarding


Self-Organization


Multi-Radio Coexitence



_1300823342.vsd
�

Relay
Functions


MAC PDU formation






Encryption


Network Layer


medium access control (MAC)


Convergence Sublayer


ARQ


Scheduling and Resource Multiplexing


Physical Layer


Radio Resource Control and Management (RRCM)


Multi-Carrier


Self Organization 


Multi Radio Coexistence 


Data Forwarding 


Interference Management 


PHY control






Radio Resource Management 


Control Signaling


Link Adaptation (CQI, HARQ, power control)


Service flow and Connection Management 


Security management


MBS


Idle Mode Management


Mobility Management


Network-entry Management


System configuration management


Sleep Mode Management


Fragmentation/Packing


Ranging


Location management


Control Plane


Data Plane



_1296655924.ppt








Idle State

Paging 

Available Mode

Paging 

Unavailable Mode

From 

Connected State

To 

Initialization State

To 

Power On/Off

To Acces State








_1297164505.vsd
Scanning and DL Synchronization
(A-Preamble Detection)


Initialization State


Broadcast Channel Acquisition

Access Station Selection Decision


Power On/Off


To Access State


From Access State
or Operational State



_1298241331.vsd
Ranging and UL synchronization


ARS Authentication, Authorization, & Key Exchange


Configure ARS operation parameters


Capability Exchange & Registration with Serving ABS


Pre-Authentication
Capability Negotiation


Access State


From Initialization 
State


To Initialization 
State


To Operational 
State


Neighbor Station Measurement Report & Access Station Selection



_1298241501.vsd
Operational State


To Initialization State


From Access 
State



_1297509266.vsd
AMS


Serving ABS


Target 
ABS


Radio 
carrier 1


Radio carrier 2


Target primary carrier


HO Initiation


   HO Command


Serving primary carrier


Network re-entry


Data path established


Backbone


Backbone


HO REQ


HO RSP


HO COMPLT


Target secondary carrier


Data path established


HO Indication


MS-BS data communication during network re-entry



_1296987766.vsd
Initialization State


Power Down


Operational State


Access State


Power On/Off



_1295293122.vsd
Multiples of subcarrier spacing


Multiples of subcarrier spacing


Carrier N-1


Carrier N


Carrier N+1


PRU formed by guard subcarriers


PRU formed by guard subcarriers


PRU


PRU


PRU


PRU formed by guard subcarriers


PRU


PRU


PRU


Permutation (CRU)


PRU formed by guard subcarriers



_1295464174.doc
[image: image1.emf]E-MBS Function


E-MBS Zone 


Configuration


E-MBS 


Transmission Mode 


Configuration


E-MBS Session 


Management


E-MBS Mobility 


Management


E-MBS Control 


Signaling





_1295466722.vsd
Access State


Ranging & UL Synchronization


Pre-Authentication Capability Negotiation


MS Authentication, Authorization, & Key Exchange


Capability Exchange & Registration with Serving ABS


From Initialization State or Idle State


To Initialization State


To Connected State


Initial Service Flow Establishment



_1295474250.doc


[image: image1.emf]Available Carriers:


Assigned Carriers


Active Carriers


(Active Secondary Carriers + 


Primary Carrier)


Turn-on/off


[image: image2.emf] 


CQ


I  





_1295409464.vsd
�

16m
BS BW
(multi-carrier)


One 5 ms frame in legacy MS view�

One 5 ms frame in 16m MS view�


_1288143377.vsd

_1292746710.vsd
One Radio Frame


One Radio Frame


One Radio Frame



_1291644817.vsd
MS


Serving BS


Target 
BS


Radio 
carrier 1


Radio carrier 2


Target primary carrier


HO Initiation


HO REQ


HO RSP


   HO Command


Network re-entry


MS-BS Communication 
during Network Re-entry


HO COMPLT


Data path established


Serving primary carrier


Backbone


Backbone



_1262569080.vsd
Frequency
Channel
1


MAC






PHY


Frequency
Channel
N



_1283183505.vsd
�


