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Final Multi-Carrier RG Consensus SDD Text Proposal
Jaehee Cho, Mo-Han Fong, I-Kang Fu

Multi-Carrier Rapporteur Group Chairs
1 Introduction

This document is the final MC RG consensus SDD text proposal based on comments resolution during Session #58 as captured in 802.16m-08/002r1. 
2 Text Proposal
---------------------------------------------------------Start of the Text----------------------------------------------------------

[Modify the text and figure in 11.4.3 as follows]
11.4.3 Frame Structure Supporting Legacy Frames in IEEE 802.16m Systems with Wider Channel Bandwidths

Figure 24 shows an example for the IEEE 802.16m frame structure supporting legacy frame in a wider channel. A number of narrow bandwidth carriers of the IEEE 802.16m can be aggregated to support wide bandwidth operation of IEEE 802.16m MSs. One or multiple of the narrowband carriers can be designated as the legacy carrier(s). When the center carrier spacing between two adjacent carriers is an integer multiple of subcarrier spacing, there it is not necessaryity to reserve guard subcarriers for the IEEE 802.16m carriers. Different number of usable guard sub-carriers can be allocated on both sides of the carrier. 
For UL transmissions both TDM and FDM approaches should be supported for multiplexing of legacy and IEEE 802.16m MSs in the legacy and IEEE 802.16m mixed carrier. The TDM in the figure is only for example. 
In the case when the edge carrier is a legacy carrier, the impact of the small guard bandwidth on the edge of the wider channel on the filter requirements is FFS.

[Replace Figure 24 with the following figure]

[image: image1.emf]Figure 24 Illustration of frame structure supporting legacy frames with a wider channel
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[Modify the text in 11.4.6, page 52, lines 21-24 as follows]
Figure 29 shows that the same frame structure would be applicable to both single carrier and multicarrier mode

of operation. A number of narrow BW carriers can be aggregated to support effectively wider BW operation. Each carrier may have its own synchronization channel and superframe header. Further, some carriers may have only part of superframe header.  A multi-carrier IEEE 802.16m MS is an MS which can utilize radio resources across multiple RF carriers under the management of a common MAC. Depending on MS's capabilities, such utilization may include aggregation or switching of traffic across multiple RF carriers controlled by a single MAC instantiation.
[Add the following text after 19.2]

19.3 PHY Aspects of OFDMA Multi-carrier Operation
Physical layer to support OFDMA multi-carrier operation is shown in Figure 1. 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 generates 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 LDRU, a single modulated symbol sequence may be segmented into multiple segments where each segment can be transmitted on a different carrier. The same MCS level and MIMO scheme are used for all segments of a PHY PDU. However, different PHY PDUs transmitted on the same or different carriers 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 1. An example of physical layer structure to support multi-carrier operation
The following describes the details of the PHY PDU transmission operation: 

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 on LDRUs across several RF carriers at the same sub-frame, via PHY burst segmentation and mapping to different RF carriers, by using the same MCS and MIMO scheme.
3. In the multi-carrier system, an LRU is defined independently per carrier. 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.
PHY segmentation, i.e. transmitting one PDU across multiple carriers is FFS.
19.3.1 Frame Structure
The frame structures to support multi-carrier can be found in 11.4.3 and 11.4.6.
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 and transmitted over LDRUs in multiple carriers as shown in Figure 1.

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 carrier. HARQ feedback for PHY PDU sent only in the secondary carrier can be carried in the secondary carrier.
19.3.3 Data Transmission over Guard Resource
The guard sub-carriers between contiguous RF carriers in the new zone can be utilized for data transmission if the sub-carriers on contiguous RF carriers are well aligned. The serving BS and the MS need to negotiate their capability to support guard sub-carrier data transmission. The set of guard sub-carriers utilized for data transmission is defined as guard resource.
19.3.3.1 PHY Structure Support
Each carrier can exploit subcarriers at band edges as its additional data subcarriers. The guard resource forms integer multiples of PRUs. The resulting data subcarriers (including guard resource) form PRUs. The PRU structure used for guard resource is the same as the structure of the ordinary PRU in 11.5 and 11.6. For the carrier, LLRUs may be constructed from the PRUs including PRUs from guard resource. Support of LDRU is FFS.
The BS provides information regarding the use of guard resource for data channels. Guard resource is not used for control channels transmission.
Figure xxx illustrates example of exploiting guard subcarriers for data transmission.
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Figure xxx Example of data transmission using the guard subcarriers

19.3.4 Allocation Scheme for OFDMA Multi-carrier
Allocation signaling is made to indicate the allocation of OFDMA data regions which is defined as a set of LRUs. A modulated symbol sequence of a PHY PDU can be sent through a single 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 for the allocation in LDRU 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. When multiple PHY PDUs are transmitted over multiple carriers in a sub-frame, the delivery order is FFS. 
For each MS the allocation information for both its Primary and secondary carriers is sent through the primary carrier, or the allocation information for each carrier is sent through the carrier itself. 
19.3.5 Data Regions and Sub-carrier 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 segment 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 2. Within the LRU, subcarrier mapping follows the mapping rule for a single carrier case.
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Figure 2 Example of modulated symbol sequence mapping in OFDMA multi-carrier operation

19.3.6 DL Control Structure
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. 
Obtaining System Information of Secondary Carriers

• For the case where the MS can simultaneously decode multiple carriers, the MS can decode the broadcast channels of its secondary 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.
19.3.6.1 SCH
Primary and Secondary SCHs are present in a fully configured carrier. In a fully configured carrier, the location and transmission format of SCH is the same as that of the single carrier described in 11.7.2.1. SCH configuration in the partially configured carrier is FFS. 
19.3.6.2 BCH
BCH is present in a fully configured carrier. In a fully configured carrier, the location and transmission format of PBCH/SBCH is the same as that of single carrier described in section 11.7.2.2. Configuration of BCH in a partially configured carrier is FFS. 
19.3.6.3 USCCH

USCCH is present in a fully configured carrier. The location and transmission format of USCCH on the fully configured carrier is the same as that defined in 11.7.2.3.  
The presence and use of USCCH on the partially configured carrier is FFS.
19.3.6.4 Additional Broadcast Information
All additional broadcast information related to multicarrier operation which can be provided on the fully configured carrier should not be transmitted on the partially configured carrier
19.3.7 UL Control Structure
All UL controls channel needed for single carrier operation are supported 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. 
19.3.7.1 UL Fast Feedback Channel
The BS configures the set of carriers for which the MS reports fast feedback information. The BS may only allocate resource to the MS 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. 
19.3.7.2 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
19.3.7.3 UL Ranging Channel 
UL initial ranging for non-synchronized MS is conducted on a fully configured carrier. UL periodic ranging for synchronized MS is conducted on the primary carrier but may also be performed in a secondary carrier if supported by the secondary carrier. The issue of periodic ranging on the secondary carrier, autonomously performed by the MS or directed by the BS, is FFS. The serving BS transmits the ranging response on the same carrier that the UL ranging is received.
19.3.7.4 UL sounding channel

UL sounding is conducted on the primary and secondary carrier.
19.3.7.5 Bandwidth Request Channel
BW request channel is transmitted only on the primary carrier.
19.3.8 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 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.
19.4 MAC Aspect of OFDMA Multi-carrier Operation
The MAC layer in OFDMA multi-carrier mode will operate in the same way as single carrier MAC. 
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 security procedures (Section 10.5) 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 attempts 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. The use of SCH or BCH to indicate whether a carrier is fully or partially configured is FFS.
The following options can be used to help MS with determining whether it can use a carrier for network entry:

1) A carrier which does not have a SCH can not be used as primary carrier by a MS. So when an MS detects a carrier without a SCH the MS skips the carrier and proceed with scanning and network entry procedure with another carrier. 

2) When partially configured carrier includes the SCH, the BS may use a preamble sequence selected from a predefined set of sequences reserved for partially configured carriers. By detecting a preamble sequence designated for partially configured carrier the MS skips that carrier and proceed with scanning and selection of alternative carrier.
Once the MS detects the SCH on a fully configured carrier, the MS may 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 information, which are FFS. The MS can decide on proceeding with network entry with the current carrier or going to alternative carriers based on this information. 
Once a candidate primary carrier is determined the initial network entry procedures are the same as in single carrier mode. The carrier on which the MS successfully performs initial network entry becomes the primary carrier of the MS. After successful ranging, the MS follows the capability negotiation procedure in which it provides BS with its OFDMA multi-carrier capabilities, such as carrier aggregation or carrier switching. The BS may provide configuration parameters of other carriers to the MS. The BS may assign secondary carriers to the MS, through negotiation with the MS.
The 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. The MS may perform UL ranging with secondary carrier. In this case, power adjustment results in the primary carrier may be used as initial transmission power for UL ranging over the secondary carrier. The use of dedicated ranging resource received from the primary carrier to enhance the ranging in the secondary carrier is FFS.
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 on the MS’s primary carrier using the assigned UL control channels following the same procedures as single carrier mode. 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.
19.4.6 QoS and Connection Management
QoS and Connection management in multicarrier mode are based on single carrier mode. The Station ID and all the Flow IDs assigned to an MS are unique identifiers for a common MAC and used over all the carriers. The followings are also applicable: 

1. The connection setup signaling is performed only through the MS’s primary carrier. The connection is defined for a common MAC entity.

2. MS’s QoS context is managed per service flow for each MS, and is applicable across primary carrier and secondary carriers and collectively applied to all carriers.

3. Flow ID is maintained per MS for both primary carrier and secondary carriers.

4. The required QoS for a service flow may be one of the parameters considered in order to determine the number of secondary carriers assigned to the MS.
19.4.7 Carrier Management

The BS may instruct the MS, through control signaling on the current primary carrier, to switch its primary carrier to one of the available fully configured carriers within the same BS for load balancing purpose, carriers’ varying channel quality or other reasons. MS switches to the target fully configured carrier at action time specified by the BS. The carrier switch may also be requested by the MS 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. BS may direct an MS to perform the primary carrier switching without scanning.
BS may also assign different secondary carriers to the MS, through control signaling on the current primary carrier.
The BS may instruct MS to perform scanning on other carriers which are not serving the MS. In this case, if the target carrier is not currently serving the MS, the MS may perform synchronization with the target carrier if required.
19.4.7.1 Carrier switching between a primary carrier and a secondary carrier

Primary to secondary carrier switching in multi-carrier 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 multi-carrier switching message on the primary carrier.  When an MS switches to a secondary carrier, its primary carrier may provide basic information such as timing and frequency adjustment to help with MS’s with fast synchronization with the secondary carrier. The details are FFS.

19.4.8 Handover Support
An MS in multi-carrier operation follows 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. Similar to the procedure defined in 10.3.2.2.3, if directed by serving BS via HO Command control signaling, the MS performs network re-entry with the target BS on the assigned fully configured carrier at action time while continuously communicating with serving BS. However, the MS stops communication with serving BS on primary/secondary carriers after network re-entry at target BS is completed. In addition, MS cannot exchange data with target BS prior to completion of network re-entry. Multiplexing of network re-entry signaling with target BS and communications with serving BS is FFS.
To facilitate MS’s scanning of neighbor BS’s fully configured carriers, the serving BS may broadcast/multicast/unicast the neighbor BS’s 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 target primary carrier. After the completion of network re-entry procedure, the MS and the BS may communicate over MS’s primary and/or secondary carriers.
Regardless of multi-carrier support, an MS capable of concurrently processing multiple radio carriers, may perform scanning with neighbor BSs and HO signaling with the target BS using one or more of its available radio carriers, while maintaining normal operation on the primary carrier and secondary carriers of the serving BS. The MS may negotiate with its serving BS in advance to prevent allocation over those carriers used for scanning with neighboring BSs and HO signaling with the target BS.
19.4.9 Power Management
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 MS can be explicitly directed 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. When the primary carrier indicates that there is no allocation in secondary carriers, the MS can disable reception on that carrier.
19.4.9.1 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. Note that the serving BS may request MS to switch its primary carrier during the listening window for load balancing or power saving. 
19.4.9.2 Idle Mode 
During paging listening interval, MS monitors paging notification on a fully configured carrier. The procedure for paging is the same as defined for single carrier. The selection of the carrier for paging is FFS. When paged, the MS can perform network re-entry procedure with the paged carrier. 
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 interval and paging unavailable interval configuration) is configured for a MS regardless of single carrier or multi-carrier operation.
19.4.10 EMBS Support

IEEE 802.16m system may designate the partially configured carriers for E-MBS only. The multi-carrier MS which capable to process multiple radio carriers at the same time may perform normal data communication at one carrier while receiving the E-MBS content over another carrier.

----------------------------------------------------------End of the Text----------------------------------------------------------
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Figure 24 Illustration of frame structure supporting legacy frames with a wider channel


One 5 ms frame in legacy MS view�

One 5 ms frame in 16m MS view�


_1288041245.vsd
Multiples of subcarrier spacing


Multiples of subcarrier spacing


Carrier N-1


Carrier N


Carrier N+1


PRU formed by guard subcarriers


PRU formed by guard subcarriers


PRU


PRU


PRU


PRU formed by guard subcarriers


PRU


PRU


PRU


Permutation (LLRU)


PRU formed by guard subcarriers



_1283183505.vsd
�


