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1. Secondary Carrier Management
To support the multicarrier operation, advanced MS (AMS) and advanced BS (ABS) should exchange their capability parameters related to multicarrier supports. Based on these capability parameters and BS’s load conditions, the primary carrier and several secondary carriers are assigned to an MS. In addition, to save power and the resource, some additional carrier management schemes can be used.

A. Multi-level management of the multiple carriers

Even the primary carrier and the secondary carriers are assigned to an MS at the network entry, the assigned secondary carriers are not always used for data transmission. We introduced the concept of available and active secondary carriers in the #57 meeting [1]. 
Figure 1 and Table 1 explain the concept of the management. All the carriers assigned to an MS during the negotiation are defined as Assigned Carriers, and a part of supportable carriers which can be used for guaranteeing the QoS requirement of the current services are defined as Active Carriers. 
Since the primary carrier is always included in all carriers defined in this proposal, the definition may distinguish the different use of the secondary carriers.
The concept of available carriers is related to the RF capability of an AMS (Sometimes the load condition and the policy of an ABS can be a reason of the allocation of the carriers.), while the concept of active carriers is related to the service requirement (or capability). Inactive carrier can be turned-off to save the power consumption and to reduce the control overhead.
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Figure 1. Concept of multi-level carrier management

Table 1. Definitions of the proposed concept
	Name
	Definition
	Properties
	Related Procedure/ Message

	Carriers
	Multiple carriers in an ABS
	
	

	Assigned Carriers
	The allocated carriers to an AMS


	- Determined according to the capability of AMS and the load condition of ABS
	Initial Entry (Capability Negotiation)
(e.g.: SBC-REQ/RSP)

	Active Carriers
	The carriers which are in ready state.
	- To guarantee the QoS requirement of the current services (e.g.: max. data rate) for an AMS.
- Physical Link Control/Monitoring are required for the assigned carriers (Feedback of CQI, Periodic Ranging)

- Resource allocation information (in USCCH / MSCCH) should be monitored.

- Broadcast messages (in BCH/Data Burst) should be monitored for Tx/Rx of data.
	Service Control Procedure
Dedicated Control Message


· Assigned Secondary carriers based on Capability of AMS and Load Condition of ABS
During the initial network entry, after the negotiation of the basic or extended capability through SBC-REQ/RSP or other procedures, an ABS allocates one or more secondary carriers to an AMS among all carriers supported by the ABS. The following factors can be considered for this allocation: 

· The multicarrier capability of the AMS 
· Maximum BW of RF receiver

· Supportable Frequency Band

· Number of Simultaneous bandwidth to receive

· The capability of the ABS

· The load condition of the ABS

· The allocation policy of the ABS
· Active secondary carriers 
The set of active secondary carriers can be determined for various reasons (e.g. the aggregated QoS requirement of current services, scheduling policy of ABS etc), and can be changed along with the change of the services and the loading status of ABS. An ABS can allocate the active secondary carriers through DSx (Dynamic Service Add/Delete/Change)-REQ/RSP messages or other explicit signaling. To guarantee the QoS requirement, the active secondary carrier should be in connected mode to receive the data burst. Thus, link control procedure such as CQI reporting, periodic ranging should be performed for all active secondary carriers. In addition, some broadcast messages (in BCH or data burst) and resource allocation messages (in USCCH or MSCCH) should be monitored. 
However, inactive secondary carriers can be turned-off to be in idle state until activated. We define the idle state of the secondary carrier in [2], and all the physical/logical connections of the secondary carriers in the idle state are disconnected. An ABS may transmit the control signal to an AMS to turn-on secondary carriers among inactive secondary carriers or to turn-off some active secondary carriers.

Two gains can be obtained from this concept. 

First, for inactive secondary carriers, an AMS is not required to report the CQI of the corresponding carriers. In addition, the periodic ranging is not required to be sent. An ABS may not allocate any feedback channel for the inactive secondary carriers, and we can reduce the control overhead. 

Second, since only the active secondary carriers are used for data transmission, an AMS does not have to monitor the USCCHs or MSCCHs for inactive secondary carriers, and need not to receive the carriers as well. In addition, any reception of broadcast message for the inactive secondary carriers is not required. In this case, AMS can save power consumption and we can use more simple resource indication method.
The active secondary carriers are not always used for data transmission. The number of active carriers to be used can be changed according to the size of real data burst. Resource allocation information in USCCH or MSCCH can be used for allocation. 

Figure 2 shows the example of this concept. 

Though an ABS has 8 OFDMA carriers, since an AMS can communicate with maximum 4 OFDMA carriers, 4 OFDMA carriers are allocated for the AMS as assigned carriers.
Though 4 carriers (including primary carrier) are assigned to the AMS, the number of assigned carriers can vary according to the requirement of the aggregated QoS of the current services. For example, let’s assume that each carrier can support maximum 25Mbps for an AMS. If the required maximum data rate for the current services is 80Mbps, at least 4 carriers should be in active status. However, if a service session is deleted and the required data rate decreases to 60Mbps, 3 carriers are enough. And, if only VoIP call is used, one carrier (primary carrier) may be enough. But, the decision of the procedure is fully in charge of ABS’s choice.
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Figure 2. Example Multi-level Carrier Management 
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Text Proposal for the IEEE802.16m SDD

============================== Start of Proposed Text =================================

19.4 MAC Aspect of OFDMA Multi-carrier Operation
19.4.7 Carrier Management
19.4.7.x. Secondary Carrier Management 

During the initial network entry, an ABS may allocate one or more secondary carriers to an AMS among all carriers supported by the ABS according to the capability of the ABS and the AMS and the policy of the ABS (e.g. load condition). Allocation and deallocation of secondary carriers may be executed also any time during multicarrier operation. The allocated secondary carriers are called as the assigned secondary carriers.

A part of assigned secondary carriers is used for guaranteeing the QoS requirement of the current services, which are called to active secondary carriers. 

Any physical layer procedures (e.g. feedback, resource allocation, etc) are not required to be performed for the unassigned secondary carriers. 
During active/normal mode, an ABS allocates data resource to an AMS on a subset of active secondary carriers and the primary carrier.
============================== End of Proposed Text =================================
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