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Proposed Changes/Refinements to the Section 8 of IEEE 802.16m SDD 
Youngkyo Baek, Youngbin Chang, Rakesh Taori, Jungje Son
Samsung Electronics
Sassan Ahmadi
Intel corporation
Introduction
This contribution proposes text changes to Section 8 IEEE802.16m Air-Interface Protocol Structure of the IEEE 802.16m SDD [1] where the system description requires clarification or additional detail. The proposed text is consistent with the P802.16m/D1 [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, P802.16m/D1 [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] IEEE802.16m System Description Document(SDD), IEEE 802.16m-09/0034, July 2009.
[2] P802.16m Part 16: Air Interface for Broadband Wireless Access Systems (Advanced Air Interface), P802.16m/D1 July 2009.
Proposed Text 
Modify the text as follows.
--------------------------------------------- Start of Proposed text --------------------------------------------------------------
1 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.
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. The 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). The 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. Using managed key, traffic encryption/decryption and authentication are performed.
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 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 functional 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

· 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, the Scheduling and Resource Multiplexing block receives QoS information from QoS block for each connection.

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

The 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:

· ARQ

· Fragmentation/Packing
· ARQ
· MAC PDU formation

[image: image1.wmf]MAC PDU formation

Encryption

Network Layer

Convergence Sublayer

ARQ

Schedul

ing and 

Resource Multiplexing

Physical Layer

PHY

 

control

Control 

Signaling

Service flow and 

Connection 

Management

 

MBS

Idle Mode 

Management

Mobility 

Management

Network

-

entry 

Management

System 

configuration 

management

Sleep Mode 

Management

Fragmentation

/

Packing

Link Adaptation

(

CQI

, 

HARQ

, 

power 

control

)

Ranging

Radio Resource 

Management

 

Security 

management

Location 

management

Control Plane

Data Plane

medium access control 

(

MAC

)

Radio Resource Control and Management 

(

RRCM

)

Relay

Functions

Multi

-

Carrier

Self Organization 

Multi Radio 

Coexistence 

Data Forwarding 

Interference 

Management 

C

_

S

A

P

M

_

S

A

P

QoS

Classification 

Header 

suppression 

CS

_

SAP

MAC

_

SAP



[image: image2.wmf]MAC PDU formation

Encryption

Network Layer

Convergence Sublayer

Schedul

ing and 

Resource Multiplexing

Physical Layer

PHY

 control

Control 

Signaling

Service flow and 

Connection 

Management

 

MBS

Idle Mode 

Management

Mobility 

Management

Network

-

entry 

Management

System 

configuration 

management

Sleep Mode 

Management

Fragmentation

/

Packing

Link Adaptation

(

CQI

, 

HARQ

, 

power 

control

)

Ranging

Radio Resource 

Management

 

Security 

management

Location 

management

Control Plane

Data Plane

medium access control 

(

MAC

)

Radio Resource Control and Management 

(

RRCM

)

Relay

Functions

Multi

-

Carrier

Self Organization 

Multi Radio 

Coexistence 

Data Forwarding 

Interference 

Management 

C

_

S

A

P

M

_

S

A

P

QoS

Classification 

Header 

suppression 

CS

_

SAP

MAC

_

SAP

ARQ


Figure 9: IEEE 802.16m Protocol Structure

The Fragmentation/Packing block performs fragmenting or packing MSDUs based on scheduling results from Scheduling and Resource Multiplexing block. 
The ARQ block handles MAC ARQ function. For ARQ-enabled connections, an logical ARQ block is generated from fragmented or packed MSDUs of the same flow. The ARQ logical blocks are sequentially numbered. The Fragmentation/Packing block performs fragmenting or packing MSDUs based on scheduling results from Scheduling and Resource Multiplexing block. 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. Depending on the security management block, encryption block can encrypt user traffic or management messages by a managed encryption key.
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 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 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: IEEE 802.16m AMS/ABS Data Plane Processing Flow 

Note: The AMS may not utilize all the blocks shown in Figure 10
1 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 Management SAP (M_SAP)/ Control 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 M_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 Figure 11
1 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 generic protocol structure

1 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 the 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 devices
1 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.
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.
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Figure 14: IEEE 802.16m ARS Protocol Structure 

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 Broadcast 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

· 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 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 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:

· ARQ

· Fragmentation/Packing

· MAC PDU formation
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). Depending on the security management block, encryption block can encrypt user traffic or management messages by a managed encryption key.
1 E-MBS Protocol Structure

Enhanced Multicast and Broadcast Services (E-MBS) 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 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.


[image: image11.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

 


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.

--------------------------------------------- End of Proposed text----------------------------------------------------------








































  


_1311753626.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



_1311776754.vsd
     medium access control











MAC PDU formation






Encryption


Network Layer


Convergence Sublayer


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



_1312099697.vsd

_1311777228.vsd

_1311775788.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



_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



_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





_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



_1262569080.vsd
Frequency
Channel
1


MAC






PHY


Frequency
Channel
N



