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1. Introduction
This contribution proposes amendment text to describe the 802.16m multi-carrier operation and is intended as a section to be included in the 802.16m amendment. The proposed text is developed so that it can be readily combined with IEEE P802.16 Rev2/D9 [1], it is compliant to the 802.16m SRD [2] and the 802.16m SDD [3], and it follows the style and format guidelines in [4]. Current SDD [3] is used as a basis for the text development. In Section 2, the high level outline of the multi-carrier operation is presented.
2. Outline of multi-carrier operation
The text proposed in this contribution is based on subclauses 17 in the IEEE 802.16m SDD [3].

The following is the high level outline of the multi-carrier operation.
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3. Advanced Air Interface 

3.1. Medium access control

[Insert the followings at the subclause 15.2:]
3.1.x. Multi-carrier operation
15.2.x.1 Multi-carrier operation principles

The carriers involved in multi-carrier mode of operation from an AMS point of view are of two types:
• A primary carrier is a carrier used by the ABS to exchange traffic and PHY/MAC control signaling (e.g., MAC management messages) with an AMS. An ABS may be deployed with multiple carriers but each AMS in the ABS has only one primary carrier. 
• Secondary carriers are additional carriers which the AMS may use for traffic, only per ABS’s specific commands and rules received on the primary carrier. 
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.
Based on the primary and/or secondary usage and target services, the carriers of a multi-carrier system may be configured differently as follows:
• Fully configured carrier: A standalone carrier for which all control channels including synchronization, broadcast, multicast and unicast control signaling are configured. Fully configured carrier supports both single carrier AMS and multi-carrier AMS. 

• Partially configured carrier: A carrier configured for downlink only transmission in TDD or a downlink carrier without paired UL carrier in FDD mode. 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. Whether a carrier is fully configured or partially configured is indicated using PA-Preamble of the carrier.

A primary carrier is fully configured while a secondary carrier may be fully or partially configured depending on deployment scenarios. A secondary carrier for an AMS, if fully configured, may serve as primary carrier for other AMS’s. Multiple AMSs, each with a different primary RF carrier may also share the same secondary carrier.
The following is common to all 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 is connected to and its state being controlled through only one of the fully configured carriers designated as its primary carrier. 
· The system may also define M (M >= 0) partially configured RF carriers, which can only be used as secondary carriers along with a primary carrier, for downlink only data transmissions.
· 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 provide an 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 utilizing the primary RF carrier for data transfers, the ABS may dynamically schedule resources for an AMS across multiples secondary RF carriers. 

· The multiple carriers may be in different parts of the same spectrum block or in non-contiguous spectrum blocks. Support of non-contiguous spectrum blocks may require additional control information on the secondary carriers.
There are two multicarrier deployment scenarios.
Scenario 1: All carriers in a system are fully configured to operate standalone and may support some users as their primary carrier and others as their secondary carrier. An ABS may use a secondary carrier for user throughput improvement in the downlink or uplink if supported by the AMS.

Scenario 2: In addition to fully configured RF carriers the system may utilize additional partially configured supplementary radio carriers optimized as downlink transmission only service like multicast and broadcast services.
The following multi-carrier operation modes are identified:
· Carrier Aggregation: The multicarrier mode in which the AMS maintains its physical layer connection and monitors the control signaling on the primary carrier while processing data on the secondary carrier. 

· Carrier switching: The multicarrier mode in which the AMS switches its physical layer connection from the primary to the secondary carrier per ABS’ instruction. The 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 is not required to maintain its physical layer connection to the primary carrier. This mode is used for switching to partially configured carriers for downlink transmission only service.
15.2.x.2 MAC operation

15.2.x.2.1 Addressing

A multi-carrier supporting AMS or ABS follows the same addressing mechanism defined in 15.2.1[5]. The assigned STID and FIDs are used in the secondary carrier(s) as well as the primary carrier.

15.2.x.2.2 Security 

A multi-carrier supporting AMS follows the same security procedure defined in 15.2.3. All the security procedures between an AMS and an 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.

15.2.x.2.3 Network entry

An AMS initiates its network entry procedures with a fully configured carrier. The network entry/re-entry follows the procedures defined in 10.8[3] with the exception of operations described in below. 

The AMS attempts initial ranging with a fully configured carrier. Whether a carrier is fully configured or partially configured is indicated using PA-Preamble of the carrier. Upon detecting PA-Preamble designated for partially configured carrier the AMS skips the carrier and proceeds with scanning and selection of alternative carrier. Once the AMS detects a PA-Preamble for fully configured carrier, the AMS may proceed to its initial ranging procedure with the carrier. 

During capability exchange and registration, the AMS negotiates with the ABS for its multi-carrier capabilities, such as available number of carriers, carrier aggregation or carrier switching capability. During the negotiation, if the AMS’s multi-carrier mode is enabled, the ABS assigns secondary carrier(s) to the AMS. The secondary carrier(s) is used as active carrier for the AMS if indicated during the negotiation. The configuration information of the secondary carrier(s) is provided through a MAC management message which is broadcast and includes available carriers’ configuration in the ABS. The logical carrier index for the secondary carrier may be provided by the ABS during the capability exchange and registration. For the AMS’s primary carrier, a logical carrier index 0 is assigned.
The AMS may perform the ranging over the secondary carrier(s) if directed by the ABS. The ranging procedure for the secondary carrier(s) follows periodic CDMA ranging, i.e., the AMS sends only periodic CDMA ranging code, not RNG-REQ message.

When the AMS omit the ranging for the secondary carrier(s), the AMS uses 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 synch channel and/or pilot on the secondary carrier(s).

When its secondary carrier(s) are available, the AMS informs the AMS that it is ready to communicate with the secondary carrier(s).

15.2.x.2.4 Ranging

CDMA initial ranging with a fully configured carrier shall be the same as defined in 6.3.10.3.1[1]. 

CDMA periodic ranging may be performed on each carrier following the same procedure defined in 6.3.10.3.2[1]. An ABS may send an unsolicited RNG-RSP on a carrier whose adjustment is needed.

Upon moving to a target ABS, an AMS shall initiated CDMA handover ranging as defined in section 15.2.5.2.5.1[5]. CDMA handover ranging shall be done only with a fully configured carrier designated as the AMS’s primary carrier at the target ABS. 

15.2.x.2.5 MPDU processing

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

ARQ operates for a common MAC as defined in 10.4[3]. An ARQ block generated from one or multiple MAC SDU(s) or MAC SDU fragment(s) is transmitted over one of the AMS’s carrier. The loss of any intermediate packets or fragments shall be decided after finishing the reception from all active carriers. 

15.2.x.2.6 Bandwidth request and allocation

All bandwidth requests are transmitted on the AMS’s primary carrier using the assigned bandwidth request channel following the same procedures as defined in single carrier mode. 

Bandwidth request using piggyback may be transmitted in MPDUs over the secondary carrier(s) as well as the primary carrier.

When a bandwidth request is received, the ABS may allocate UL resources which belong to a specific carrier or a combination of multiple carriers. The multicarrier resource assignment for carrier aggregation can use the same A-MAP IE as single carrier mode, where A-MAP IEs for each active carrier are transmitted in the respective carrier. 

15.2.x.2.7 QoS and connection management

The STID and all FIDs assigned to an AMS are unique identifiers for a common MAC and used over all the carriers of the AMS. 

The service setup/change messages (i.e., DSx messages) are transmitted only through the AMS’s primary carrier. The service flow is defined for a common MAC entity and AMS’s QoS context represented by an SFID is applicable across primary carrier and secondary carrier(s) and collectively applied to all carriers of the AMS. 

15.2.x.2.8 DL CINR report operation

An ABS may assign fast feedback channels to each carrier of an AMS. When fast feedback channel is assigned, the AMS reports CQI for a carrier over the assigned fast feedback channel of the corresponding carrier. 

When PHY segmentation is applied, the AMS reports wideband CQI for all of its active carriers over the fast feedback channel in the primary carrier.
15.2.x.2.9 Handover

15.2.x.2.9.1 Network topology acquisition

The network topology acquisition procedure is the same as in 15.2.5.1 with the exception of operations described in below. In scanning procedure, when scanning interval is explicitly negotiated, AAI-SCN-REQ/RSP messages are transmitted with the primary carrier of the AMS.

15.2.x.2.9.2 HO process

An AMS with multi-carrier capability follows the handover process defined in 15.2.5.2[5] All HO related MAC management messages between an AMS and an ABS are transmitted over the primary carrier.

During HO preparation phase, when an ABS receives AAI-HO-REQ message from an AMS or the ABS sends AAI-HO-CMD message to the AMS, the ABS may exchange the information of multiple carrier capability with possible target ABSs. The information includes the AMS’s available number of carriers, carrier aggregation or carrier switching capability. 

When the information regarding AMS identify (e.g., STID) or security context at a target ABS is pre-updated during HO preparation, the multi-carrier related information (e.g., secondary carrier) may be provided to the AMS using AAI-HO-CMD message.

After handover to a target ABS is determined, an AMS conducts its network re-entry with a selected carrier which becomes the AMS’s primary carrier at the target ABS. 

If a secondary carrier is not provided to the AMS in advance, the target ABS may allocate the secondary carrier during network re-entry. 

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. If directed by its serving ABS via AAI-HO-CMD message, the AMS performs network re-entry with the target ABS on the assigned fully configured carrier at action time while continuously communicating with its serving ABS. However, the AMS stops communication with the serving ABS on primary/secondary carriers after network re-entry at the target ABS is completed.

The AMS may perform the periodic ranging with its secondary carrier if directed by the ABS. 

15.2.x.2.10 Sleep mode

When an AMS enters sleep mode, the AMS negotiates its sleep mode parameters (i.e., sleep window and listening window configuration) with an ABS. The negotiated parameters of sleep mode are applied to an AMS and all carriers power down according to the negotiated sleep mode parameters. The messages and procedures before entering sleep mode and during sleep mode are processed over the primary carrier. 

During the listening window, the AMS monitors the traffic indication message with its primary carrier. Upon receiving negative traffic indication in the traffic indication message, the AMS goes back to sleep mode. If positive traffic indication is received, the AMS continues to monitor the primary carrier. Data transmission follows the normal operation for multi-carrier mode.

15.2.x.2.11 Idle mode

A multi-carrier supporting AMS in idle state follows the same procedures defined in 10.5.2[3]. Messages and procedures to initiate the idle mode are processed with AMS’s primary carrier. 

A carrier to monitor paging and other broadcast messages is selected with the same way as single carrier mode. When paged, the AMS performs network re-entry procedure with the carrier.

15.2.x.2.12 Carrier management

15.2.x.2.12.1 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. The ABS may instruct the 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. 

The 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 manages both serving and target primary carriers, network re-entry procedures at the target primary carrier is not required. 

15.2.x.2.12.2 Carrier switching between a primary carrier and a secondary carrier

Primary to secondary carrier switching in multi-carrier mode is supported when a 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.

15.2.x.2.12.3 Secondary carrier management
The ABS may add, change or release secondary carrier(s) for an AMS using a MAC management message through the AMS’s primary carrier.

15.2.x.3 Physical layer operation

15.2.x.3.1 Frame Structure to support Multi-carrier operation
Frame structure to support multicarrier operation can be found in Section 15.3.3.5
15.2.x.3.2 Data Transmission over Guard Resource
Each carrier can exploit subcarriers at band edges as its additional data subcarriers. The guard resource forms integer multiples of PRUs. The PRU structure used for guard resource is the same as the structure of the ordinary PRU in 15.3.5 and 15.3.7. Further, additional mini band CURs are constructed from the additional PRUs. The ABS provides information regarding the use of guard resource for data channels. Guard resource is not used for control channels transmission.
15.2.x.3.3 Channel coding, modulation and MIMO operation

The MAC PDU shall be processed by channel encoding, modulation and MIMO encoding as shown in 15.3.7, 15.3.10 and 15.3.12.

15.2.x.3.4 Burst allocation in multicarrier

The MIMO processed modulates symbol sequence is mapped to OFDMA data region in one of primary or secondary carriers. The same mapping rule for the single carrier burst mapping is applied. The allocation information shall be sent through the carrier where the OFDMA data region is located. The allocation information shall be the same as the single carrier USCCH IE format. Additionally, primary carrier can carry all allocation information of other secondary carriers.
15.2.x.3.5 DL control channel

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 and Extended system information 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.
15.2.x.3.5.1 A-PREAMBLE
Primary and Secondary A-PREAMBLE 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 15.3.6.1. Preamble sequence is reserved for partially configured carrier
15.2.x.3.5.2 Super Frame Header
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 15.3.6. [For partially-configured carrier, the information elements included in the P-SFH/S-SFH is only confined to elements relevant only to DL operation]
15.2.x.3.5.3 A-MAP
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 15.3.6. A-MAP in the partially configured carrier is FFS.
15.2.x.3.5.4 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.

15.2.x.3.5.5 DL 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

15.2.x.3.5.6 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.
15.2.x.3.6 UL control channel

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.
Secondary carrier may only assign UL control channels which are needed for PHY support, such as CQI, ACK/NAK, power control
15.2.x.3.6.1 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. 

15.2.x.3.6.2 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

15.2.x.3.6.3 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 periodic ranging on the secondary carrier may be autonomously performed by the AMS or directed by the ABS. The serving ABS transmits the ranging response on the same carrier that the UL ranging is received.

15.2.x.3.6.4 UL Sounding Channel

UL sounding is conducted on the primary and secondary carrier.

15.2.x.3.6.5 UL Bandwidth Request Channel

BW request channel is transmitted only on the primary carrier.
-------------------------------  Text End  ---------------------------------------------------[image: image1.png]
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