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1. Introduction
This contribution clarifies the carrier management procedures related to AAI_CM-CMD/IND messages.

2. Discussions
In the carrier management procedure, the AAI_CM-CMD message is used for the ABS to instruct the AMS to perform certain actions, and then the AAI-CM-IND message is used for the AMS to respond to the ABS after received an AAI_CM-CMD with carrier management action specific responses, i.e., 

a) If the carrier management action is secondary carrier management, i.e., secondary carrier activation / deactivation, then the AAI_CM-IND message is sent by the AMS to confirm with the ABS that the AMS has successfully activated /deactivated the carriers listed in the AAI_CM-CMD message;  
b) If the carrier management action is primary carrier change, then the AAI_CM_IND is sent by the AMS to confirm with the ABS the reception of the primary carrier change AAI_CM-CMD message, while the primary carrier change action will be actually executed at the “action time” given in the AAI_CM-CMD message;
c) If the carrier management action is carrier switching, similarly, then the AAI_CM_IND is sent by the AMS to confirm with the ABS the reception of the carrier switching AAI_CM-CMD message, while the carrier switching action will be actually executed at the “start time” given in the AAI_CM-CMD message.
Note that current procedure is not clear what if the AMS cannot successfully complete the given actions as instructed by the AAI_CM-CMD from the ABS. 

In the mobile environment, the assigned but not-activated secondary carriers may experience significant changes after the secondary carrier assignment, so that the carrier management actions given in the AAI_CM-CMD from the ABS, e.g., secondary carrier activation, primary carrier change, or secondary carrier switching, may not be completed successfully. The current carrier management procedures do not have any mechanisms for the AMS to report any exceptions in its execution of the action requested by the AAI_CM-CMD message. This is problematic, particularly, to the periodic carrier switching case. Therefore, we propose to modify the AAI_CM-IND by adding the info field to indicate the execution status of the AMS for the action requested by the ABS in the AAI_CM-CMD message and clarify the carrier management procedures.
In addition, we’d like to clarify the action time of primary carrier change procedure. Figure 1 illustrates the procedure for primary carrier change based on the description in 15.2.8.2.11.2 Primary Carrier Change of AWD [6]. When an AMS receives the AAI_CM-CMD MAC control message, the AMS transmits the AAI_CM-IND MAC control message and the AMS changes its primary carrier to the target fully configured carrier at action time specified by the ABS. However, if the action time is set to an insufficient value for ensuring the reception of AAI_CM-IND, the ABS can misunderstand that the AMS fails the reception of AAI_CM-CMD or rejects action directed by AAI_CM-CMD although the AMS is ready to transmit the AAI_CM-IND message. As a result, this leads to the failure of primary carrier change. Figure 2 shows an example for the error case of primary carrier change procedure.
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Figure 1. Primary carrier change procedure based on current AWD
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Figure 2. An example for the error case of current primary carrier change procedure

In order to provide clearer procedure of primary carrier change, we propose to clarify the action time defined in AAI_CM-CMD. That is, in our clarified procedure, the ABS shall start the retransmission timer for AAI_CM-CMD when transmitting the AAI_CM-CMD message, as described in 15.2.21 MAC Management Reliability of current AWD [6] and the action time included in AAI_CM-CMD shall be set to the value more than the retransmission timer. If the ABS receives the AAI_CM-IND message before the expiration of the retransmission timer, ABS stops the timer and performs the corresponding procedure. If the action execution status is set to ‘0’, the ABS will perform the procedure directed by the action code. If the action execution status is set to ‘1’ or the timer is expired, the ABS may retransmit the AAI_CM-CMD message. If the AAI_CM-CMD is retransmitted, the retransmission timer shall restart and the action time included in AAI_CM-CMD shall be also modified based on the restarted retransmission timer. In the same manner with action time, the start time of the carrier switching procedure should be also clarified in the AAI_CM-CMD message.
If the local NACK is enabled for AAI_CM-IND, the AMS can detect the failure of the corresponding procedure via the local NACK when the HARQ process fails. In addition, if the AMS requests ABS to send a MAC layer acknowledgement for the control message by setting the polling bit in FEH, the AMS can also detect the success or failure of the corresponding procedure through AAI_MSG_ACK message or Message ACK EH. For the reliable transmission of the AAI_CM-CMD and AAI_CM-IND, it shall follow the procedure described in section 15.2.21 MAC Management Reliability of AWD [6].
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Figure 3. Proposed Primary carrier change procedure
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4. Text proposal for the 802.16m DRAFT amendment
-----------------------------------------------------------Start of the Text---------------------------------------------------------
[Insert the text at line 8 on page 160 as follows:]

15.2.8.2.11.2 Primary Carrier Change
The ABS may instruct the AMS, through the AAI_CM-CMD MAC control message on the current primary carrier, to change its primary carrier to one of the assigned fully configured carriers within the same ABS for load balancing purpose, carriers' varying channel quality or other reasons. When an AMS receives the AAI_CM-CMD MAC control message, the AMS transmits the AAI_CM-IND MAC control message to confirm with the ABS the reception of the AAI_CM-CMD message and also to indicate whether or not the AMS accepts the requested primary carrier change action. If the AMS accepts the requested primary carrier change action, the AMS switches to the target fully configured carrier at action time specified by the ABS. The action time in AAI_CM-CMD shall be set to the value more than the retransmission timer for AAI_CM-CMD message. If the target car​rier is one of the active secondary carriers of the AMS, the AMS may receive data and control signal on the target carrier immediately after switching. Otherwise, the AMS may transmit a bandwidth request to notify its readiness of the target carrier to the ABS. If the AMS has UL data to be transmitted, it follows the normal bandwidth request procedure. If the AMS does not have any UL data, it transmits a bandwidth request with zero bandwidth request size. The ABS may transmit data and control signal after a bandwidth request is received from the AMS through the target primary carrier. Given that a common MAC manages both serv​ing and target primary carriers, network re-entry procedures at the target primary carrier is not required. The ABS may provide the system information of the target primary carrier that is different from the serving pri​mary carrier via the serving primary carrier. The logical carrier indices of the serving and target primary car​rier are swapped after the primary carrier change. The ABS may direct an AMS to change the primary carrier without scanning.
[Insert the text at line 48 on page 160 as follows:]

15.2.8.2.11.3 Carrier switching mode
Primary to secondary carrier switching in multicarrier 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 the AAI_CM-CMD MAC control message on the pri​mary carrier. When an AMS switches to a secondary carrier, its primary carrier may provide basic informa​tion such as timing and frequency adjustment to help with AMS's with fast synchronization with the secondary carrier. When an AMS receives the AAI_CM-CMD MAC control message, the AMS transmits AAI_CM-IND MAC control message to confirm with the ABS the reception of the AAI_CM-CMD message and also to indicate whether or not the AMS accepts the requested carrier switching action. If the AMS accepts the requested carrier switching action, and the AMS switches to the secondary carrier at start time specified by ABS, as directed in the AAI_CM-CMD MAC control message. The start time in AAI_CM-CMD shall be set to the value more than the retransmission timer for AAI_CM-CMD message.
[Insert the text at line 7 on page 161 as follows:]

15.2.8.2.11.4 MAC Control Messages for Carrier Management
15.2.8.2.11.4.1 Carrier Management Command (AAI_CM-CMD) MAC control message
An AAI_CM-CMD message shall be transmitted by an ABS to initiate a carrier management procedure, such as carrier activation/deactivation, primary carrier change or carrier switching.  To Respond to a received AAI_CM-CMD MAC management message, the AMS shall transmit the AAI_CM-IND MAC management message. 
The ABS shall start retransmission timer for the AAI_CM-CMD when transmitting the AAI_CM-CMD message as described in <<15.2.21>>. If the ABS successfully receives the AAI_CM-IND message indicating the action execution status ‘0’ before expiration of the retransmission timer, ABS stops the timer and performs the procedure corresponding to the action code. If the retransmission timer is expired or the ABS receives the AAI_CM-IND message indicating the action execution status ‘1’, the ABS may retransmit AAI_CM-CMD message.
The format of the AAI_CM-CMD MAC control message is shown in Table 726.
Table 726—AAI_CM-CMD MAC Management Message Format

	Field
	Size (bit)
	Description

	AAI_Carrier Management Command message format(){
	
	

	Control Message Type
	8
	AAI_CM-CMD

	Action code
	2
	00: Secondary carrier management
01: Primary carrier change
10: Carrier switching
11: reserved

	If (Action code == 00){
	
	This message is for secondary carrier activation and/or deactivation

	Indication Type
	2
	For Activation and/or Deactivation
Bit #0: ‘0’: No action, ‘1’: Activation
Bit #1: ‘0’: No action, ‘1’: Deactivation

	If (Indication Type #0 == 1)
	
	

	  Num of target carrier
	[TBD]
	The number of newly activated carrier(s)

	  For(i=0; i< Num of target carrier; i++){
	
	

	     Target carrier index
	[TBD]
	Target carrier index for activation

	Activation of DL/UL
	1
	‘0’: Both DL/UL are activated
‘1’: DL is activated but UL is not activated

	     Ranging indicator
	1
	Ranging indicator for target carrier 
‘0’: No ranging is required for the target carrier
‘1’: Periodic ranging is required for the target carrier

	}
	
	

	}
	
	

	If (Indication Type #1 == 1){
	
	

	  Num of target carrier
	[TBD]
	The number of deactivated carrier(s)

	For(i=0; i< Num of target carrier; i++){
	
	

	     Target carrier index
	[TBD]
	Target carrier index for deactivation

	Deactivation of DL/UL
	1
	‘0’: Both DL/UL are deactivated
‘1’: UL is deactivated but DL is kept active

	    }
	
	

	  }
	
	

	}
	
	

	If (Action code == 01){
	
	This message is for primary carrier change.

	  Target carrier index
	[TBD]
	Target carrier index for primary carrier change

	  Action Time
	[TBD]
	LSB bits of Superframe number at the time to switch to the target carrier.
This value shall be set to the value more than the retransmission timer for AAI_CM-CMD message.

	Next state of serving primary carrier
	1
	‘0’: Serving carrier will be deactivated after primary carrier change
‘1’: Serving carrier is kept active after primary carrier change

	}
	
	

	If (Action code == 10){
	
	This message is for secondary carrier switching.

	  Target carrier index
	[TBD]
	Target carrier index for carrier switching

	Switching mode
	1
	Periodic or event-triggered switching 
0: Periodic switching
1: Event-triggered switching

	  Start time
	[TBD]
	TBD LSB bits of superframe number at the start time of carrier switching.
This value shall be set to the value more than the retransmission timer for AAI_CM-CMD message.

	  Switching interval
	[TBD]
	Number of superframes during which an AMS stays at the target secondary carrier before returning to the primary carrier

	  If (Switching mode == 0){
	
	

	Switching period
	[TBD]
	Number of superframes between consecutive switching interval

	  }
	
	

	}
	
	

	}
	
	


15.2.8.2.11.4.2 Carrier Management Indication (AAI_CM-IND) MAC control message
An AAI_CM-IND message shall be transmitted by an AMS as a response to a received AAI_CM-CMD message. In order to ensure the reliability of this message, the AMS shall follow the procedure described in <<15.2.21>> when transmitting this message.
If the Action Code = 0b00, i.e., for the secondary carrier management, the AAI_CM-IND message is sent by the AMS to the ABS to indicate the execution status of the secondary carrier management action, i.e., secondary carrier activation / deactivation, requested in the AAI_CM-CMD message. If the Action Status = 0b0, it indicates that the AMS has successfully executed the requested secondary carrier activation / deactivation action. If the Action Status = 0b1, then it indicates the secondary activation /deactivation action was not successful, then an exception code is also presented in the AAI_CM-IND message to provide further information of the exception.

If the Action Code = 0b01 or 0b10, i.e., primary carrier change or carrier switching, the AAI_CM-IND message is sent by the AMS to the ABS to confirm the reception of the AAI_CM-CMD message and also provide an indication through the 1-bit Action Status field to indicate whether or not the requested action is accepted by the AMS. If the Action Status = 0b0, it indicates that the AMS accepts the requested primary carrier change or carrier switching as given in the AAI_CM-CMD message, and the AMS will execute the requested action at the “Action Time” if the requested action is primary carrier change or at the “Start Time” if the requested action is carrier switching. If the Action Status = 0b1, it indicates that the AMS rejects the requested action due to exceptions, where an exception code is followed to provide further information of the exception. After the AMS accepts the requested action, at the Action Time for primary carrier change or at the Start Time for carrier switching, if the AMS cannot successfully complete the requested action, then the AMS may send an unsolicited AAI_CM-IND message to the ABS on the serving primary carrier to indicate the action execution failure by setting the Action Status = 0b1 and a pre-defined exception code [TBD] indicating the execution failure.
The format of the AAI_CM-IND MAC control message is shown in Table 727.
Table 727—AAI_CM-IND MAC Control Message Format
	Field
	Size (bit)
	Description

	AAI_Carrier Management-Indication message format(){
	
	

	Control message type
	8
	AAI_CM-IND

	Action code
	2
	0b00 : Secondary carrier management 
0b01: Primary carrier change
0b10: Carrier switching
0b11: reserved

	Action Status
	1
	0b0: completed successfully if action code = 0b00; or accept the requested action if action code = 0b01 or 0b10
0b1: not completed successfully if action code = 0b00; or reject the requested action due to exception if action code = 0b01 or 0b10

	If (Action Status == 1) {
	
	

	Exception code
	[TBD]
	The code to identify the reason and/or details of the exception.

	}
	
	 

	}
	
	


-----------------------------------------------------------End of the Text---------------------------------------------------------[image: image4.png]
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If the ABS doesn’t  receive the AAI_CM_IND, ABS regards that the primary carrier change procedure fails.
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