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1. Introduction
This contribution includes the proposed text for the multicarrier operation sections in the IEEE 802.16m Amendment. The technical text is generated according to the 802.16m SRD [1], the IEEE 802.16m SDD [2], and the IEEE P802.16 Rev2/D9 [3]. Moreover, this contribution follows the tentative outline and style guide in the IEEE 802.16m Amendment [4].
2. References
[1] IEEE 802.16m-07/002r8, “802.16m System Requirements.”

[2] IEEE 802.16m-08/003r8, “The Draft IEEE 802.16m System Description Document.”

[3] IEEE P802.16 Rev2/D9, “Draft IEEE Standard for Local and Metropolitan Area Networks: Air Interface 

for Broadband Wireless Access,” Jan. 2009.

[4] IEEE 802.16m-08/043, “Style guide for writing the IEEE 802.16m amendment.”
3. Text proposal for inclusion in the 802.16m amendment
-------------------------------  Text Start  --------------------------------------------------- 
Definitions
Insert the following at the end of section 3:
Abbreviations and acronyms
Insert the following at the end of section 4:
Insert a new section 15.xxx: 
3. Advanced Air Interface 
15.2 Medium access control

15.2.X  Multi-carrier Operation 
The RF 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 may also be included in the control channels. Fully configured carrier supports both single carrier AMS and multi-carrier AMS. Network (re-)entry signaling shall be made always through fully configured carrier.
• 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. Partially configured carrier supports only multi-carrier AMS.

The carriers involved in a multi-carrier system, from one AMS point of view, are 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. The carrier on which the AMS successfully performs network (re-)entry becomes the primary carrier of the AMS.  After completion of network (re-)entry all MAC management messages and signaling headers shall be sent through primary carrier. Only exception is that ranging procedure may be performed through a secondary carrier, see 15.2.x.1.3. 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. One AMS might associate with multiple secondary carriers.
A primary carrier is fully configured while a secondary carrier may be fully or partially configured depending on usage and deployment model.

The following is common in all modes of multi-carrier operation:

• The system defines N (N > 0) standalone fully configured RF carriers, each fully configured with all synchronization, broadcast, multicast and unicast control signaling channels. Each AMS in the cell shall be connected to only one of the fully configured carriers as its primary carrier and its state is controlled through 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 may 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 may 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 its primary RF carrier data transfer between an ABS and itself, an AMS may dynamically utilize resources across multiple 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 scenarios to multicarrier deployment.

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 may, 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 operations are identified:

• Carrier aggregation

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

• Carrier switching

o 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.
o This mode is used for primary carrier switching to partially configured carriers for downlink only transmission
The MAC layer in multi-carrier mode shall operate in similar way as in a single carrier mode:

· There is no difference between the single carrier mode and the OFDMA multi-carrier mode of the operation from an addressing perspective.
· The construction and transmission of the MAC PDU in the OFDMA multi-carrier mode is the same as in the single carrier mode.
However, multi-carrier operation requires support from the MAC layer:

· Multi-carrier management; assignment / release of carriers, activation / deactivation of carriers, etc.
· Physical / logical carrier index handling
· Multi-carrier specific exceptions and special handling for MAC functions are specified in the following sub-sections 
15.2.x.1 Network Entry

15.2.x.1.1 Initial Entry
PA-Preamble shall convey the carrier information which is used to reduce network entry latency. This is implemented by defining separate sets of PA-PREAMBLE sequences for fully and partially configured carriers, see <Sections on A-Preamble>. 
During initial network entry, AMS shall search for the PA-PREAMBLE of fully configured carriers. After synchronization the AMS, extracts extended system parameters and system configuration information from broadcast or unicast messages e.g. RNG-RSP. Based on the information whether the ABS supports multi-carrier operation AMS may continue network entry or search other fully configured carrier from other ABSs. 
The initial network entry procedure is the same as in single carrier mode. Multi-carrier capabilities and configurations, such as supporting carrier aggregation or carrier switching mode, maximum number of supported carriers, RF frequency range and so on are negotiated within REG-REQ/RSP. The carrier on which the AMS successfully performs initial network entry becomes the primary carrier of the AMS. 
After initial network entry the ABS may assign secondary carriers to the AMS, through negotiation with the AMS by AAI_MC-REQ/RSP messages. Detail of the messages is FFS. The ABS may also provide additional multi-carrier configuration parameters within ‘extended system parameters and system configuration information’ attributes of S-SFH, see details on section 15.2.x.4. 
15.2.x.1.2 Network Re-Entry
Network re-entry in case of handover is defined in 15.2.x.5. 
Network re-entry from idle mode is defined in 15.2.x.6.2.
Network re-entry in case of temporary connection loss is similar to initial network entry. AMS shall use PA-PREAMBLE to detect fully configured carrier. Once a suitable carrier is found the network re-entry procedure is the same as in single carrier mode.  
Both Primary and Secondary carrier assignments after network re-entry are the same as in initial network entry.

15.2.x.1.3 Ranging in Secondary Carrier

Ranging procedure to the secondary carrier is instructed by the ABS within AAI_MC_REQ when making secondary carrier assignment or after. Ranging procedure follows periodic CDMA ranging, i.e. the AMS will send only periodic CDMA ranging code, but not RNG-REQ message. Power adjustment results in the primary carrier may be used as initial transmission power for sending periodic CDMA ranging code over the secondary carrier. The ABS may assign the dedicated ranging resource (CDMA code and ranging slot) during carrier assignment through the primary carrier to enhance for performing the ranging in the secondary carrier.

If the ranging is omitted for the secondary carrier(s), the AMS shall use the same timing, frequency and power adjustment parameters for the secondary carrier(s) as in the primary carrier. The AMS may perform the fine timing, frequency and power adjustment on the secondary carrier(s) through measuring the synchronization channel and/or pilot on the secondary carrier(s).
15.2.x.2 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 in the single carrier mode. Bandwidth request using piggyback scheme is also allowed on the secondary carriers. 

The ABS may grant UL resources to the specific active carrier or combination of multiple active carriers, see section 15.3.y.4.
15.2.x.3 QoS and Connection Management
QoS and Connection management in multi-carrier operation mode is the same as in the 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. Thus, QoS context is managed per service flow and is applicable across primary carrier and all active secondary carriers. However, the QoS of the service flow(s) may be one of the parameters to determine the number of secondary carriers assigned to the AMS.

15.2.x.4 Carrier Management


The carriers are divided in Available, Assigned and Active Carriers. Table X defines their properties.
	
	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 Assigned Carriers which are ready to be used for MC operation.

· Determined based on QoS requirement and other factors.

· PHY/MAC processing is required for the active carriers.

· Referred to with physical carrier indexes, which are unique within an ABS. 

· Additional logical carrier indexes are allocated, which are used in resource allocations, Logical carrier indexes are unique for each AMS.


Table x. Definitions of Available, Assigned and Active Carriers
All carrier management operations shall be done with AAI_MC-REQ / RSP management messages and carriers are referred with physical carrier indexes.
The assigned secondary carriers for a certain AMS are a subset of the available carriers in the cell. An ABS may assign one or more secondary carriers to an AMS among all carriers available by the ABS, according to the capability of the ABS and the AMS and the policy of the ABS (e.g. load condition). The ABS may assign or release secondary carriers during AMS Connected State. When assigning secondary carrier(s) AAI_MC-REQ shall be used with Action Code = 2; the message can manage one or more secondary carriers. If carrier configuration does not include all required parameters, the AMS shall decode ‘extended system parameters and system configuration information’ attributes for remaining multi-carrier parameters. If the ‘Secondary Carrier Ranging’ is present, the AMS shall perform ranging procedure to the assigned secondary carrier. The ABS may request ranging separately for each secondary carrier. Ranging procedures for secondary carrier are described in section 15.2.x.1.3. When ranging is completed for each carrier, the AMS shall respond with AAI_MC-RSP with Status code ‘succeed’. If in any phase during secondary carrier assignment fails, the AMS shall respond with appropriate failure code. 

The ABS may allocate a subset of assigned secondary carriers for multi-carrier data transmission based on QoS requirement, loading and other factors. This subset is called the active secondary carriers. Active secondary carriers may use logical carrier indexes for resource allocations. Logical carrier indexes are unique for each AMS. Primary carrier is always assigned with logical carrier index 0. When activating secondary carrier(s) AAI_MC-REQ has Action Code = 4 and one or more physical carrier indexes. The AMS shall perform synchronization for the specified secondary carrier and check validity of ‘extended system parameters and system configuration information’ attributes of S-SFH before sending AAI_MC-RSP with Status code ‘succeed’. 

The ABS instructs the AMS to perform periodic ranging, measuring and reporting for the assigned and active carriers. The ranging and reporting results on the assigned carriers may be used in the ABS to select the carriers for the activation. Only the active carriers can be used for data transmission.

When AMS leaves from the Connected State (including handover to other ABS, connection loss …) all assigned / active secondary carriers shall be released implicitly.
15.2.x.4.1 Primary Carrier Change
The ABS may instruct the AMS, through the AAI_MC-REQ message on the current primary carrier, to switch 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 acknowledges the instruction by sending AAI_MC-RSP message. AMS switches to the target fully configured carrier at action time specified by the ABS. The carrier switch may also be requested by the AMS through the AAI_MC-REQ message on the current primary carrier. 
The ABS may direct an AMS to perform the primary carrier switching without scanning. The ABS may instruct AMS to perform scanning on other carriers which are not serving the AMS. In this case, if the target carrier is not currently serving the AMS, the AMS may perform synchronization with the target carrier if required.
Before an AMS switches the primary carrier, its current primary carrier may provide basic information to help AMS’s fast synchronization with the new primary carrier.

15.2.x.4.2 Carrier Switching between a Primary Carrier and a Secondary Carrier 
The carrier switching between a primary carrier and a secondary carrier may be periodic or event triggered, with timing parameters defined in the AAI_MC-REQ / RSP management messages on the primary carrier. Before an AMS switches to a secondary carrier, its primary carrier may provide basic information such as timing and frequency adjustment to help AMS’s fast synchronization with the secondary carrier. 
15.2.x.5 Handover Support
An AMS in multi-carrier operation shall follow the handover operation as in single carrier mode of the AAI. 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 15.2.5.2, if directed by serving ABS via HO Command control signaling, the AMS shall perform network re-entry with the target ABS on the assigned fully configured carrier at action time while continuously communicating with serving ABS. 
However, if AMS is capable to use multiple radio carriers simultaneously, network re-entry signaling with target ABS and communications with serving ABS may be done concurrently by using different radio carriers for the communication between S-ABS and T-ABS. 
15.2.x.6 Power Management 

15.2.x.6.1 Sleep Mode 
15.2.x.6.1.1 Dynamic sleep mode for secondary carriers

In the dynamic sleep mode, the AMS can turn on and off the reception of active secondary carriers based on the Secondary Carrier Threshold which is transmitted e.g. in the Multicarrier Broadcast Information of the primary carrier. An AMS reports to the ABS the CQI for each active secondary carrier. The ABS provides the Secondary Carrier Threshold which informs the minimum CQI level for each secondary carrier that is used for scheduling the AMSs in the secondary carriers. An AMS that has reported for a secondary carrier a CQI level lower than that broadcast in the primary carrier by ABS, may turn off data reception on that carrier till the signal quality improves above Secondary Carrier Threshold for that secondary carrier.

15.2.x.6.2 Idle Mode 

Messages and procedures to enter the idle mode between AMS and ABS are the same as in single carrier operation. 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.

During paging listening interval, AMS monitors paging indication and message on a fully configured carrier that is indicated by the ABS during the idle mode entry procedure. When AMS cannot detect the assigned fully configured carrier, during the paging listening interval, the AMS shall perform full network entry procedure. The procedure for paging is the same as defined for single carrier. When paging message has action code to perform network re-entry, the AMS shall perform network re-entry procedure with the assigned fully configured carrier.
The carrier on which the AMS successfully performs idle mode network re-entry becomes the primary carrier of the AMS. The network re-entry procedure is the same as in single carrier mode.  

All secondary carrier assignments and configurations become invalid when entering to idle mode.

After network re-entry the ABS may assign secondary carriers to the AMS, through negotiation with the AMS. Ranging procedure is executed to assigned secondary carrier if commanded by the ABS. Ranging procedure to secondary carrier is described in section 15.2.x.1.3.
15.3 Physical layer
15.3.y  PHY Aspects of OFDMA Multi-carrier Operation
15.3.y.1 Frame Structure to support Multi-carrier operation
Frame structure to support multicarrier operation can be found in Section 15.3.3.5.

15.3.y.2 Channel Coding, Modulation and HARQ

The same channel coding, modulation and HARQ schemes as in single carrier shall be applied to multicarrier as well. 
15.3.y.3 A-A-MAP for MC
A-A-MAP shall indicate the allocation of OFDMA data regions which is defined as a set of LRUs. A modulated symbol sequence of a PHY PDU shall be sent through a single carrier (primary or secondary). There is only one data region for the modulated symbol sequence in a carrier. 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 FFS. 

For each AMS the allocation information for both its primary and secondary carriers shall be sent through the primary carrier, or the allocation information for each carrier may be sent through the carrier itself.
15.3.y.4 Data Regions and Sub-carrier Mapping for OFDMA Multi-carrier Operation

When a modulated symbol sequence is transmitted through one carrier, the sequence shall be mapped using the same mapping rule of the single carrier mode. 

15.3.y.5 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 SFH of its secondary carriers. ABS may instruct the AMS, through control signaling on the primary carrier, to decode SFH of specific set of secondary carriers.

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

19.3.y.5.1 A-PREAMBLE

PA-Preamble and SA-Preamble shall 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 section xxx. One PA-Preamble sequence is reserved for partially configured carrier which is used to reduce initial network entry latency.
19.3. y. 5.2 SFH

SFH shall present in both fully configured and partially configured carriers. In a fully configured and partially configured carrier, the location and transmission format of P-SFH/S-SFH are the same as that of single carrier described in section 11.7.2.2. For partially-configured carrier, the information elements included in the P-SFH/S-SFH are FFS.
19.3. y.5.3 A-MAP

A-MAP shall present in a fully configured carrier. The location and transmission format of A-MAP on the fully configured carrier is the same as the single carrier case.
The control information required to manage the secondary carriers of an AMS shall be performed by the ABS via primary carrier, using the IEs provided for a single carrier operation.
Partially configured carriers can carry A-MAP as well.

15.3.y.6 UL Control Structure
UL Control channels for multicarrier operation shall be configured using the primary carrier. An AMS shall use the primary carrier for BW REQ, HARQ and Fast Feedback channels reports.
The sounding channel shall be transmitted by the AMS in the corresponding carrier (primary or secondary) it was configured.

The ABS may instruct the AMS to perform initial or periodic ranging in a secondary carrier as discussed in subclause <15.2.x.1.3>.

15.?.? AAI_MC-REQ

The ABS may send the AAI_MC-REQ MAC management message in any during the Connected State. AAI_MC_REQ has the following parameters:
· Action Code
· Carrier Indexes - one or more physical carrier indexes.
· Carrier configurations - configuration for each physical carrier
· Secondary Carrier Ranging 
· Duration - included only if action code is 6. Duration is sub-frames when AMS shall return back to the primary carrier.   
An Action Code has the following values: 
1) Primary carrier change
2) Secondary carrier assignment

3) Secondary carrier release

4) Secondary carrier activation

5) Secondary carrier deactivation

6) Primary carrier switching to secondary carrier


A ‘Secondary Carrier Ranging’ has the following values:

1) Perform ranging for the secondary carrier

2) Use primary carrier ranging results for the secondary carrier

The specific format of the AAI_MC-RSP message is TBD.

15.?.? AAI_MC-RSP
The AMS shall send the AAI_MC-RSP MAC management message as a response to the AAI_MC-REQ message. 
AAI_MC_RSP has the following parameters:

· Status - status of MC management operation
15.?.? Multi-carrier capabilities

15.?.?.? Multi-carrier mode support

This parameter indicates multi-carrier mode supported by the AMS. For each bit, a value of 0 indicates “not supported” while 1 indicates “supported”. 

	ASN.1 type
	Parameter Name
	Value
	Scope

	
	MC_mode
	Bit 0: Carrier Switching mode
Bit 1: Carrier Aggregate mode
Bits 2-7: Reserved; shall be set to zero
	Registration


15.?.?.? Maximum Number of supported carriers


This parameter indicates maximum number of radio carriers supported by the AMS.
	ASN.1 type
	Parameter Name
	Value
	Scope

	
	MC_max_carriers
	Maximum number of radio carriers supported by the AMS (default 1)

Range: 1-x 
	Registration 



15.?.?.? Max bandwidth of one carrier

This parameter indicates maximum bandwidth for one carrier supported by the AMS.

	ASN.1 type
	Parameter Name
	Value
	Scope

	
	MC_max_single_bandwidth
	1: 5 MHz
2: 10 MHz
3: 20 MHz
4: 40 MHz

	Registration
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