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1. Introduction
Figure 1 illustrates the generic protocol architecture for supporting OFDMA multi-carrier system according to the current SDD [1] where it is shown that a common MAC entity (i.e., a single MAC instantiation) controls a PHY spanning over multiple RF channels. Based on this concept, a “common” MAC over multiple RF carriers, most of the MAC functions can operate as if single carrier operates through the primary carrier.
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Figure 1 Function block diagram for OFDMA multi-carrier operation
In this contribution, we explain our view on the MAC and PHY aspects of OFDMA multi-carrier operation. For the SDD, we provide text that addresses multi-carrier whether (a) a specific MAC or PHY function is to be performed per carrier or per common entity and (b) whether a specific function is carried on the primary carrier or secondary carriers. 
2. PHY aspects of OFDMA multi-carrier operation
Physical layer to support OFDMA multi-carrier operation is shown in Figure 2. A single MAC PDU or a concatenated MAC PDUs is received through the PHY SAP and they can form a FEC block called PHY PDU. The figure shows that the physical layer performs channel encoding, modulation and MIMO encoding for a PHY PDU and produces a single modulated symbol sequence. Any one of the multiple carriers (primary or secondary carriers) can deliver a modulated symbol sequence. Or, in case of allocation on DRU, a single modulated symbol sequence can be segmented into multiple segments and multiple carriers can deliver the segments through each carrier. The MCS level and MIMO scheme used for different segments of a PHY PDU is same, however different PHY PDUs transmitted on the same or different carrier may have different MCS and MIMO schemes. The physical layer performs subcarrier mapping for a modulated symbol sequence or a segment of the sequence relevant to the given carrier.
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Figure 2 An example of physical layer structure to support multi-carrier operation
The following considerations need to be made: 

1. For a PHY PDU, the PHY delivers a single modulated symbol sequence. This modulated symbol sequence, is regarded as a single HARQ packet the same as in a single carrier system. 
2. A modulated symbol sequence of a PHY PDU can be transmitted as follows:

A. Transmitting the modulated symbol sequence on a single RF carrier. Note that in the same time, different PHY bursts may be transmitted to an MS from different RF carriers.

B. Transmitting the modulated symbol sequence in the same time across several RF carriers, via PHY burst segmentation and mapping to different RF carriers, by using the same MCS and MIMO scheme.
3. In the multi-carrier system, a LRU is defined independently per carriers. The RF carrier specific physical layer performs subcarrier mapping based on the LRU per carrier. It must be noted that the radio resource utilization on each RF carrier may be different.
3. Frame structure

The frame structures to support multi-carrier can be found in 11.4.

4. Channel coding, modulation and HARQ

For a PHY PDU, channel encoding, modulation and MIMO encoding are performed as in a single carrier operation to generate a single modulated symbol sequence. The modulated symbol sequence can be segmented to be transmitted over multiple carriers as shown in Figure 2.
The modulated symbol sequence is regarded as a single HARQ packet. HARQ feedback for PHY PDU sent across primary and secondary carriers can be carried in the primary. HARQ feedback for PHY PDU sent in secondary can be carried in the secondary.
5. DL control

All DL controls channel needed for single carrier operation are needed for the fully configured carrier. For partially configured carrier, the BCH, additional broadcast information, USCCH and SCH may have different configuration from those of the fully configured carrier. 
[Note: The following issues are FFS:
PBCH in the partially configured carrier 
SBCH in the partially configured carrier

The additional broadcast information in the partially configured carrier 

There is no USCCH in the partially configured carrier.
SCH in the partially configured carrier. However it is worth noting that SCH can exist in the partially configured carrier when it is physically distant from another fully configured carriers.
Some additional broadcast information only related to the multicarrier support can be transmitted through one of the carriers. ]

Obtaining System Information of Secondary Carriers

• When the MS can simultaneously decode multiple carriers, the MS can decode the broadcast channels of secondary carriers or other primary carriers. BS may instruct the MS, through control signaling on the primary carrier, to decode broadcast channels of specific set of secondary carriers.

• When the MS cannot simultaneously decode multiple carriers, the BS can convey the system information of secondary carriers to MS, through control signaling on the primary carrier.

6. UL control

All UL controls channel needed for single carrier operation are needed for the fully configured carrier. A partially configured carrier may not have any uplink capability, e.g. a secondary carrier configured to be optimized for downlink only multicast and broadcast services. 

6.1 HARQ and Feedback Channel

HARQ feedback for PHY PDU sent across primary and secondary carriers can be carried in the primary. HARQ feedback for PHY PDU sent in secondary can be carried in the secondary if supported by the secondary carrier configuration.

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.
6.2 BW Request and Ranging 
BW request and initial ranging channels are transmitted on the primary carrier.

UL periodic ranging and sounding are conducted on the primary and secondary carrier.

6.3
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(s) for multiple carriers would be allowed. Although multiple power controls are allowed, the power control commands or messages can be sent to MS through the primary carrier. When a MS switches to a secondary carrier in carrier switching mode, the secondary carrier can carry power control commands or messages if supported by its configuration.
7. Allocation scheme for OFDMA multi-carrier


A modulated symbol sequence of a PHY PDU can be sent through a carrier (primary or secondary). In this case, there is only one data region for the modulated symbol sequence in a carrier. Additionally, a modulated symbol sequence of a PHY PDU can be segmented and multiple carriers can deliver the segments through each carrier. In this case, there are multiple data regions for the modulated symbol sequence across multiple carriers. The segmentation is only allowed for the allocation in LDRU. Allocation information indicates a data region or multiple data regions with other parameters like MCS level. 

For each MS the allocation information for both its Primary and secondary carriers is sent through the primary carrier. 
8. Data regions and subcarrier mapping for OFDMA multi-carrier operation
When a modulated symbol sequence is transmitted through one carrier, the sequence is mapped using the same mapping rule of the single carrier mode. When a modulated symbol sequence is segmented each can be mapped to OFDMA data regions over multiple carriers using the algorithms defined below, where logical carrier index is defined as FFS.
a) Segment the modulated symbol sequence into blocks sized to fit into a single LRU.
b) Map each segmented block onto one LRU from the lowest LRU index in the OFDMA data region of the carrier with the lowest logical carrier index.

c) Continue the mapping so that the LRU index increases. When the edge of the data region is reached, continue the mapping from the lowest LRU index in the OFDMA data region of the carrier with the next available logical carrier index.

d) Continue the mapping until the all modulated data symbols are mapped.
An example is shown in Figure 4. Within the LRU, subcarrier mapping follows the mapping rule for a single carrier case.
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Figure 4 Example of modulated symbol sequence mapping in OFDMA multi-carrier operation

9. MAC aspects of OFDMA multi-carrier operation
The MAC layer in OFDMA multi-carrier mode will operate in the same way as single carrier MAC. A common MAC controls functions related to MS network entry, handover, power saving, and MPDU processing such as concatenation, ARQ which are all happening within or above the MAC layer.
10. Addressing
There is no difference between a single carrier and OFDMA multi-carrier operation from an addressing perspective as described in sub-clause 10.1.
11. Security
All the PKM procedures (PKM version is FFS) between MS and BS are performed using only the MS’s primary carrier. The security context created and maintained by the procedures is managed per BS through the primary carrier.
12. Initial entry 
The MS shall attempt initial ranging and network entry only with a fully configured carrier. An MS needs to know which carrier(s) of the BS are fully configured carriers. In general SCH/Preamble, BCH or Extended system parameters and system configuration information can be used to indicate whether a carrier is fully or partially configured. 
The following options can be used to help MS with determining whether it can use a carrier for network entry:

A carrier which does not have a sync channel can not be used as primary carrier by a MS. So when an MS detects a carrier without a synch channel the MS shall skip the carrier and proceed with scanning and network entry procedure with another carrier. 

When partially configured carrier includes the SCH/preamble, the BS may use a preamble sequence selected from a predefined set of sequences reserved for partially configured carriers. By detecting a preamble designated for partially configured carrier the MS shall skip that carrier and proceed with scanning and selection of alternative carrier.
If the BS uses a preamble sequence applicable to fully configured carrier the MS shall proceed with reading BCH or Extended system parameters and system configuration information where the BS indicates its configuration, its support for multicarrier feature, as well as other carriers configuration. Such information may also include loading condition, service or QoS offered on the current and other carriers. The MS can decide on proceeding with network entry with the current carrier or going to alternative carriers based on this information. 

Once the primary carrier is determined the initial network entry would proceed the same as single carrier mode. After successful ranging, the MS shall follow the capability negotiation procedure in which it provides BS with its OFDMA multi-carrier capabilities, such as carrier aggregation or carrier switching and it may get the configuration parameters of its secondary carrier. 
MS may omit UL ranging (for time/frequency synchronization and power adjustment purpose) with secondary carrier. In this case, MS uses the same timing, frequency and power adjustment information for the secondary carrier as in the primary carrier. The MS may perform fine timing/frequency/power adjustment on the secondary carrier through measuring the sync channel and/or pilot on the secondary carrier.

13. MPDU processing
The construction and transmission of MAC PDU in OFDMA multi-carrier operation mode is the same as that in single carrier operation mode.  
14. Bandwidth request and allocation 

All bandwidth requests are transmitted using the MS’s primary carrier assuming the UL control channels are located on the primary carrier. Bandwidth request using piggyback scheme is also allowed in the secondary carriers. The BS may allocate UL resources which belong to a specific carrier or a combination of multiple carriers, while control information in relation with resource allocation is carried only through the MS’s primary carrier.
15. QoS
As briefly described in the general section, the Station ID and all the Flow IDs assigned to an MS shall be unique identifiers for a common MAC and used over all the carriers. From the QoS perspective, this implies the following requirements:

1) The DSX procedure to setup a connection shall be performed only through the MS’s primary carrier. The connection is defined for a common MAC entity.
2) MS’s QoS context represented by an SFID shall be managed per MS, and shared among MS’s primary carrier and secondary carriers and collectively applied to all carriers.
3) One-to-one mapping between SFID and Flow ID shall be maintained per MS for both primary carrier and secondary carriers.
16. Primary Carrier Switching
The BS may instruct the MS, through control signaling on the current primary carrier, to switch/handover to one of available carriers which is fully configured within the same BS for load balancing purpose or other reasons. The target carrier may already serve the MS as its secondary carrier. MS just switches to the target fully configured carrier at action time specified by the BS. 

In this process, since the MS is already aware of the target carrier’s information, there
 is no need for handover re-entry procedure (i.e. ranging, network re-entry).
The BS however, may ask MS to do scanning on other carriers  which are not serving the MS. In this case, MS needs to operate scanning and ranging process with the target carrier. 
17. Inter-BS Handover

An MS in multi-carrier operation shall follow the handover operation in single carrier mode of 802.16m. MAC management messages in relation with handover between an MS and a BS are transmitted over the MS’s primary carrier.
To facilitate MS’ scanning of neighbor BS’ primary carriers, the current serving BS can broadcast/multicast/unicast the neighbor BS’ multi-carrier configuration information to the MS.

When an MS receives handover notification from a BS or when an MS sends HO notification to a BS, the MS may get the information on OFDMA multi-carrier capabilities of one or more possible target BSs in the handover transaction. 

After handover to a certain target BS is determined, the MS conducts network re-entry through its primary carrier as in the initial entry. After the completion of network re-entry procedure through the primary carrier, the MS and the BS may communicate over MS’s primary and/or secondary carriers
.
18.  Power saving
The MS is only assigned to one or more secondary carrier during the active/normal mode. Therefore, the power saving procedures in OFDMA multi-carrier mode of operation are the same as single carrier mode and all messaging including idle mode procedures and state transitions are handled by the primary carrier.
In active/normal mode, BS can direct MS through the primary carrier to disable reception on some secondary carriers to satisfy the power saving. When reception is disabled, no allocation can be made on those secondary carriers in the aggregation mode. When there is no allocation in a secondary carriers, the MS can disable reception on that carrier.
1) Sleep mode
When an MS enters sleep mode, the negotiated policy of sleep mode is applied to a common MAC regardless of OFDMA multi-carrier mode and all carries shall power down according to the negotiated sleep mode policy. During the listening window of sleep mode, the traffic indication is transmitted through the primary carrier. Data transmission follows the normal operation (no sleep) defined for multiple carriers.
• One set of unified sleep mode parameters (i.e., sleep window and listening window configuration) are configured for a MS regardless of single carrier or multi-carrier operation.

• During listening window, MS monitors the traffic indication on the primary carrier. If traffic indication is negative, MS goes back to sleep. If traffic indication is positive, MS continues to monitor the primary carrier control channel to know if it has traffic scheduled for transmission on the primary carrier and/or secondary carrier.

2) Idle mode
Messages and procedures to enter the idle mode between MS and BS are processed through the primary carrier. The network re-entry procedure from idle mode is similar to those of initial network entry.
· One set of unified idle mode parameters (i.e., paging listening window and paging unavailable window

configuration) is configured for a MS regardless of single carrier or multi-carrier operation.

· During paging listening window, MS monitors paging notification on the primary carrier. When paged, the MS perform network re-entry procedure with the primary carrier.

Proposed SDD Text 
========= Begin SDD Text===============

[Insert the followings at the end of sub-clause 19.2:] 

Add the following text to end of section 8.1.3

In 802.16m, given the introduction of Multicarrier functions, the definition of BS is generalized to refer to one instantiation of MAC which may control one or more PHY’s or radio carriers. 

Add the following text to 19.1 page 80, below line 18.

· The BS should be able to trigger MS scanning, measurement and reception broadcast system information of target carriers to be used as secondary carrier prior to data allocation on those carriers.
[Insert sections 2 to 18 of this contribution here.]
19.3 PHY aspects of OFDMA multi-carrier operation

Physical layer to support OFDMA multi-carrier operation is shown in Figure 2. A single MAC PDU or a concatenated MAC PDUs is received through the PHY SAP and they can form a FEC block called PHY PDU. The figure shows that the physical layer performs channel encoding, modulation and MIMO encoding for a PHY PDU and produces a single modulated symbol sequence. Any one of the multiple carriers (primary or secondary carriers) can deliver a modulated symbol sequence. Or, in case of allocation on DRU, a single modulated symbol sequence can be segmented into multiple segments and multiple carriers can deliver the segments through each carrier. The MCS level and MIMO scheme used for different segments of a PHY PDU is same, however different PHY PDUs transmitted on the same or different carrier may have different MCS and MIMO schemes. The physical layer performs subcarrier mapping for a modulated symbol sequence or a segment of the sequence relevant to the given carrier.
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Figure 2 An example of physical layer structure to support multi-carrier operation

The following considerations need to be made: 

4. For a PHY PDU, the PHY delivers a single modulated symbol sequence. This modulated symbol sequence, is regarded as a single HARQ packet the same as in a single carrier system. 

5. A modulated symbol sequence of a PHY PDU can be transmitted as follows:

A. Transmitting the modulated symbol sequence on a single RF carrier. Note that in the same time, different PHY bursts may be transmitted to an MS from different RF carriers.

B. Transmitting the modulated symbol sequence in the same time across several RF carriers, via PHY burst segmentation and mapping to different RF carriers, by using the same MCS and MIMO scheme.
6. In the multi-carrier system, a LRU is defined independently per carriers. The RF carrier specific physical layer performs subcarrier mapping based on the LRU per carrier. It must be noted that the radio resource utilization on each RF carrier may be different.

19.3.1 Frame structure

The frame structures to support multi-carrier can be found in 11.4.


19.3.2
Channel coding, modulation and HARQ

For a PHY PDU, channel encoding, modulation and MIMO encoding are performed as in a single carrier operation to generate a single modulated symbol sequence. The modulated symbol sequence can be segmented to be transmitted over multiple carriers as shown in Figure 2.

The modulated symbol sequence is regarded as a single HARQ packet. HARQ feedback for PHY PDU sent across primary and secondary carriers can be carried in the primary. HARQ feedback for PHY PDU sent in secondary can be carried in the secondary.


19.3.3 
DL control

All DL controls channel needed for single carrier operation are needed for the fully configured carrier. For partially configured carrier, the BCH, additional broadcast information, USCCH and SCH may have different configuration from those of the fully configured carrier. 
[Note: The following issues are FFS:

PBCH in the partially configured carrier 

SBCH in the partially configured carrier

The additional broadcast information in the partially configured carrier 

There is no USCCH in the partially configured carrier.
SCH in the partially configured carrier. However it is worth noting that SCH can exist in the partially configured carrier when it is physically distant from another fully configured carriers.
Some additional broadcast information only related to the multicarrier support can be transmitted through one of the carriers. ]

Obtaining System Information of Secondary Carriers

• When the MS can simultaneously decode multiple carriers, the MS can decode the broadcast channels of secondary carriers or other primary carriers. BS may instruct the MS, through control signaling on the primary carrier, to decode broadcast channels of specific set of secondary carriers.

• When the MS cannot simultaneously decode multiple carriers, the BS can convey the system information of secondary carriers to MS, through control signaling on the primary carrier.


19.3.4
UL control

All UL controls channel needed for single carrier operation are needed for the fully configured carrier. A partially configured carrier may not have any uplink capability, e.g. a secondary carrier configured to be optimized for downlink only multicast and broadcast services. 

19.3.4.1
HARQ and Feedback Channel

HARQ feedback for PHY PDU sent across primary and secondary carriers can be carried in the primary. HARQ feedback for PHY PDU sent in secondary can be carried in the secondary if supported by the secondary carrier configuration.

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.
19.3.4.2
BW Request and Ranging 
BW request and initial ranging channels are transmitted on the primary carrier.

UL periodic ranging and sounding are conducted on the primary and secondary carrier.


19.3.4.3
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(s) for multiple carriers would be allowed. Although multiple power controls are allowed, the power control commands or messages can be sent to MS through the primary carrier. When a MS switches to a secondary carrier in carrier switching mode, the secondary carrier can carry power control commands or messages if supported by its configuration.

19.3.5
Allocation scheme for OFDMA multi-carrier


A modulated symbol sequence of a PHY PDU can be sent through a carrier (primary or secondary). In this case, there is only one data region for the modulated symbol sequence in a carrier. Additionally, a modulated symbol sequence of a PHY PDU can be segmented and multiple carriers can deliver the segments through each carrier. In this case, there are multiple data regions for the modulated symbol sequence across multiple carriers. The segmentation is only allowed for the allocation in LDRU. Allocation information indicates a data region or multiple data regions with other parameters like MCS level. 

For each MS the allocation information for both its Primary and secondary carriers is sent through the primary carrier. 


19.3.6
Data regions and subcarrier mapping for OFDMA multi-carrier operation

When a modulated symbol sequence is transmitted through one carrier, the sequence is mapped using the same mapping rule of the single carrier mode. When a modulated symbol sequence is segmented each can be mapped to OFDMA data regions over multiple carriers using the algorithms defined below, where logical carrier index is defined as FFS.

e) Segment the modulated symbol sequence into blocks sized to fit into a single LRU.
f) Map each segmented block onto one LRU from the lowest LRU index in the OFDMA data region of the carrier with the lowest logical carrier index.

g) Continue the mapping so that the LRU index increases. When the edge of the data region is reached, continue the mapping from the lowest LRU index in the OFDMA data region of the carrier with the next available logical carrier index.

h) Continue the mapping until the all modulated data symbols are mapped.

An example is shown in Figure 4. Within the LRU, subcarrier mapping follows the mapping rule for a single carrier case.


Figure 3 Example of modulated symbol sequence mapping in OFDMA multi-carrier operation

19.4
MAC aspects of OFDMA multi-carrier operation

The MAC layer in OFDMA multi-carrier mode will operate in the same way as single carrier MAC. A common MAC controls functions related to MS network entry, handover, power saving, and MPDU processing such as concatenation, ARQ which are all happening within or above the MAC layer.


19.4.1
Addressing
There is no difference between a single carrier and OFDMA multi-carrier operation from an addressing perspective as described in sub-clause 10.1.


19.4.2
Security
All the PKM procedures (PKM version is FFS) between MS and BS are performed using only the MS’s primary carrier. The security context created and maintained by the procedures is managed per BS through the primary carrier.

19.4.3
Initial entry 

The MS shall attempt initial ranging and network entry only with a fully configured carrier. An MS needs to know which carrier(s) of the BS are fully configured carriers. In general SCH/Preamble, BCH or Extended system parameters and system configuration information can be used to indicate whether a carrier is fully or partially configured. 
The following options can be used to help MS with determining whether it can use a carrier for network entry:

A carrier which does not have a sync channel can not be used as primary carrier by a MS. So when an MS detects a carrier without a synch channel the MS shall skip the carrier and proceed with scanning and network entry procedure with another carrier. 

When partially configured carrier includes the SCH/preamble, the BS may use a preamble sequence selected from a predefined set of sequences reserved for partially configured carriers. By detecting a preamble designated for partially configured carrier the MS shall skip that carrier and proceed with scanning and selection of alternative carrier.
If the BS uses a preamble sequence applicable to fully configured carrier the MS shall proceed with reading BCH or Extended system parameters and system configuration information where the BS indicates its configuration, its support for multicarrier feature, as well as other carriers configuration. Such information may also include loading condition, service or QoS offered on the current and other carriers. The MS can decide on proceeding with network entry with the current carrier or going to alternative carriers based on this information. 

Once the primary carrier is determined the initial network entry would proceed the same as single carrier mode. After successful ranging, the MS shall follow the capability negotiation procedure in which it provides BS with its OFDMA multi-carrier capabilities, such as carrier aggregation or carrier switching and it may get the configuration parameters of its secondary carrier. 
MS may omit UL ranging (for time/frequency synchronization and power adjustment purpose) with secondary carrier. In this case, MS uses the same timing, frequency and power adjustment information for the secondary carrier as in the primary carrier. The MS may perform fine timing/frequency/power adjustment on the secondary carrier through measuring the sync channel and/or pilot on the secondary carrier.


19.4.4
MPDU processing

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

19.4.5
Bandwidth request and allocation 

All bandwidth requests are transmitted using the MS’s primary carrier assuming the UL control channels are located on the primary carrier. Bandwidth request using piggyback scheme is also allowed in the secondary carriers. The BS may allocate UL resources which belong to a specific carrier or a combination of multiple carriers, while control information in relation with resource allocation is carried only through the MS’s primary carrier.

19.4.6
QoS
As briefly described in the general section, the Station ID and all the Flow IDs assigned to an MS shall be unique identifiers for a common MAC and used over all the carriers. From the QoS perspective, this implies the following requirements:

4) The DSX procedure to setup a connection shall be performed only through the MS’s primary carrier. The connection is defined for a common MAC entity.
5) MS’s QoS context represented by an SFID shall be managed per MS, and shared among MS’s primary carrier and secondary carriers and collectively applied to all carriers.
6) One-to-one mapping between SFID and Flow ID shall be maintained per MS for both primary carrier and secondary carriers.

19.4.7
Primary Carrier Switching
The BS may instruct the MS, through control signaling on the current primary carrier, to switch/handover to one of available carriers which is fully configured within the same BS for load balancing purpose or other reasons. The target carrier may already serve the MS as its secondary carrier. MS just switches to the target fully configured carrier at action time specified by the BS. 

In this process, since the MS is already aware of the target carrier’s information, there
 is no need for handover re-entry procedure (i.e. ranging, network re-entry).

The BS however, may ask MS to do scanning on other carriers  which are not serving the MS. In this case, MS needs to operate scanning and ranging process with the target carrier. 

19.4.8
Inter-BS Handover

An MS in multi-carrier operation shall follow the handover operation in single carrier mode of 802.16m. MAC management messages in relation with handover between an MS and a BS are transmitted over the MS’s primary carrier.

To facilitate MS’ scanning of neighbor BS’ primary carriers, the current serving BS can broadcast/multicast/unicast the neighbor BS’ multi-carrier configuration information to the MS.

When an MS receives handover notification from a BS or when an MS sends HO notification to a BS, the MS may get the information on OFDMA multi-carrier capabilities of one or more possible target BSs in the handover transaction. 

After handover to a certain target BS is determined, the MS conducts network re-entry through its primary carrier as in the initial entry. After the completion of network re-entry procedure through the primary carrier, the MS and the BS may communicate over MS’s primary and/or secondary carriers
.

19.4.9
Power saving
The MS is only assigned to one or more secondary carrier during the active/normal mode. Therefore, the power saving procedures in OFDMA multi-carrier mode of operation are the same as single carrier mode and all messaging including idle mode procedures and state transitions are handled by the primary carrier.
In active/normal mode, BS can direct MS through the primary carrier to disable reception on some secondary carriers to satisfy the power saving. When reception is disabled, no allocation can be made on those secondary carriers in the aggregation mode. When there is no allocation in a secondary carriers, the MS can disable reception on that carrier.

1) Sleep mode
When an MS enters sleep mode, the negotiated policy of sleep mode is applied to a common MAC regardless of OFDMA multi-carrier mode and all carries shall power down according to the negotiated sleep mode policy. During the listening window of sleep mode, the traffic indication is transmitted through the primary carrier. Data transmission follows the normal operation (no sleep) defined for multiple carriers.
• One set of unified sleep mode parameters (i.e., sleep window and listening window configuration) are configured for a MS regardless of single carrier or multi-carrier operation.

• During listening window, MS monitors the traffic indication on the primary carrier. If traffic indication is negative, MS goes back to sleep. If traffic indication is positive, MS continues to monitor the primary carrier control channel to know if it has traffic scheduled for transmission on the primary carrier and/or secondary carrier.

2) Idle mode
Messages and procedures to enter the idle mode between MS and BS are processed through the primary carrier. The network re-entry procedure from idle mode is similar to those of initial network entry.
· One set of unified idle mode parameters (i.e., paging listening window and paging unavailable window

configuration) is configured for a MS regardless of single carrier or multi-carrier operation.

· During paging listening window, MS monitors paging notification on the primary carrier. When paged, the MS perform network re-entry procedure with the primary carrier.

========= End SDD Text===============

Reference:
[1] 802.16m-08/003r4, July 2008









































































































































































































































































































































































































































































































�Why don't we omitting the specific part on BCH? I think that the last sentence of the first paragraph is enough.


�It is implementation issue and I don’t want to bring unnecessary arguments


�I remove the note that is duplicate with carrier switching
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