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Eunjong Lee, Inuk Jung, Youngsoo Yuk, Ronny Yong-ho Kim and Kiseon Ryu

LG Electronics
1. Introduction

This contribution includes the proposed text for the multicarrier support sections in the IEEE 802.16m Amendment. The technical text and ToC are inherited from the 802.16m SRD [1] and the IEEE 802.16m SDD [2]. Moreover, this contribution follows the tentative outline and style guide in the IEEE 802.16m Amendment [4]. In this contribution, amendment text including several illustrations is proposed for the section in which 16m members have enough consensus.
2. Modifications from the SDD

The text proposed in this contribution is based on sub-clauses 17.1 and 17.4 in the IEEE 802.16m SDD [2]. The modifications to the SDD text are summarized as below:
· The main concept is captured from the sections from “17.1 Multicarrier Principles” and “17.4 MAC Aspect of OFDMA Multicarrier Operation” in the IEEE 802.16m SDD [2].
· We presented the detailed operation based on the IEEE 802.16m SDD [2].
· The duplicated description in the SDD was removed.
· Key descriptions and motivations/rationales for our proposals are as follows.

· Network Entry

· Carrier Management

· Handover
3. References
[1] IEEE 802.16m-07/002r7, “802.16m System Requirements” 
[2] IEEE 802.16m-08/003r7, “The Draft IEEE 802.16m System Description Document”
[3] IEEE P802.16 Rev2 / D8, “Draft IEEE Standard for Local and Metropolitan Area Networks: Air Interface 
for Broadband Wireless Access,” Oct. 2008.

[4] IEEE 802.16m-08/043, “Style guide for writing the IEEE 802.16m amendment”
Text Proposal for the IEEE802.16m SDD

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

15.2.x. Multi-carrier Support
15.2.x.1 Multicarrier Operation Principles
A primary carrier is fully configured while a secondary carrier may be fully or partially configured depending on deployment scenarios.

The system defines N 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 is controlled through only one of the fully configured carriers as its primary carrier. 
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 also provide AMS the information about the configuration of the secondary carrier. 
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.  Multiple AMSs, each with a different primary RF carrier may also share the same secondary carrier. 
The multiple carriers may be in different parts of the same spectrum block or in non-contiguous spectrum blocks. The use of non-contiguous spectrum blocks may require additional control information on the secondary carriers.
In multi-carrier operation, an AMS can access multiple carriers. The following multi-carrier operation modes are identified:

· Carrier aggregation

· AMS always maintains its physical layer connection and monitors the control information on the primary carrier.

· Carrier switching

· AMS can switch its physical layer connection from the primary to the secondary carrier per ABS’s instruction. 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 does not need to maintain its physical layer connection to the primary carrier.

· This mode is used for primary carrier switching to partially configured carriers for downlink only transmission.
15.2.x.2 MAC operation of OFDMA multi-carrier
15.2.x.2.1. Addressing
A multi-carrier supporting AMS follows the same addressing mechanism defined in 15.2.1 with the exception of operations described in below. 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
The AMS attempts initial ranging and network entry only with a fully configured carrier. By detecting A-PREAMBLE designated for partially configured carrier the AMS skips that carrier and proceed with scanning and selection of alternative carrier. Once the AMS detects the A-PREAMBLE on a fully configured carrier, the AMS may proceed with reading SFH or Extended system parameters and system configuration information where the ABS indicates its configuration.
The AMS can decide on proceeding with network entry with the current carrier or going to alternative carriers based on this information. Once a primary carrier is determined, the initial network entry procedures are the same as in 15.2.x with the exception of operations described in below.
After successful ranging, the AMS follows the capability negotiation procedure. During pre-authentication capability negotiation, the AMS and ABS shall exchange their basic multi-carrier capabilities, such as multicarrier mode, the number of supportable RF carriers, the number of RF Rx./Tx. or maximum throughput via SBC-REQ/RSP messages. The table 15.x.1 and 15.x.2 show the basic multicarrier capability parameters. If the AMS supports the multi-carrier mode such as carrier switching and/or carrier aggregation, the extended parameters for multi-carrier support shall be exchanged by REG-REQ/RSP message as shown in table 15.x.3 and 15.x.4. Based on AMS RF capabilities, loading of available carriers or other factors, the ABS may provide more detailed configuration information on subset of available carriers in the ABS designated as Assigned Secondary Carriers to AMS during the negotiation procedure. The order listed in REG-RSP message is mapped to the logical carrier index of the assigned secondary carriers. The logical carrier index of the primary carrier is always 0 and this index may be updated by ABS.
The UL ranging with secondary carrier(s) is the same as described in section 15.2.x.1.x and 15.2.x.2.x.
Table 15.x.1 Basic Multicarrier Capability Parameter for AMS
	Type
	Length (Bits)
	Value
	Note

	Multicarrier Mode
	2
	00 : Single Carrier

01 : Carrier Switching

10 : Carrier Aggregation

11: Carrier Aggregation/Switching
	MC Capability of AMS

	Supportable RF Band
	TBD
	Bitmap

0: Not supported

1: Supported
	Bit0: Band I

Bit1: Band II

.. Bit 7 : Band VIII
...

	Number of RF Receiver
	2
	1,2,3,4
	

	Number of RF Transmitter
	2
	1,2,3,4
	

	Maximum throughput
	TBD
	The capability class
	10Mbps class

20Mbps Class

100Mbps Class

….

1Gbps Class


Table 15.x.2 Basic Multicarrier Capability Parameter for ABS
	Type
	Length (Bits)
	Value
	Note

	Supportable RF Band
	TBD
	Bitmap

0: Not supported

1: Supported
	Bit0: Band I

Bit1: Band II

.. Bit 7 : Band VIII

	Multicarrier Configuration Index
	TBD
	
	MCI for band which contains the primary carrier

	Component Carrier Index
	TBD
	
	The component carrier index of the primary carrier

	Reference Carrier Index
	TBD
	
	The carrier index of the reference carrier


Table 15.x.3 Extended Multicarrier Parameters for AMS
	Type
	Length (Bits)
	Value
	Note

	Maximum Bandwidth of RF receiver 1
	TBD
	(Value+1) * BW Unit kHz
	BW Unit (e.g. 250kHz, 1MHz,..)

	Maximum Bandwidth of RF receiver 2
	TBD
	(Value+1) * BW Unit kHz
	

	…
	
	
	

	Number of RF Transmitter
	TBD
	
	

	Maximum Bandwidth of RF Transmitter 1
	TBD
	(Value+1) * BW Unit kHz 
	

	Maximum Bandwidth of RF Transmitter 2
	TBD
	(Value+1) * BW Unit kHz 
	

	…
	
	
	

	
	
	
	


Table 15.x.4 Extended Multicarrier Parameters for ABS
	Type
	Length (Bits)
	Value

	Number of Assigned Carrier
	TBD
	

	Information for Assigned Carrier 1
	
	

	CCI for assigned carrier 1
	TBD
	

	A: preamble index for assigned carrier 1
	TBD
	

	Carrier type
	2
	00: 16m  carrier

01: Mixed carrier 

10: Legacy/Advanced carrier

11: Partially Configured Carrier

	Guard Resource Availability
	2
	00: Not available

01: available on upper edge only

10 : Available on lower edge only

11 : Available for both edge

	Information for Assigned Carrier 2
	
	

	CCI for assigned carrier 2
	TBD
	

	A: preamble index for assigned carrier 2
	TBD
	

	Carrier type
	2
	

	Guard Resource Availability
	2
	

	…
	
	

	Band Index
	TBD
	Band I, Band II ,…

	MCI for Band I
	TBD
	

	Reference Carrier Index
	TBD
	

	Information for Assigned Carrier 3
	
	

	CCI for assigned carrier 3
	TBD
	

	A: preamble index for assigned carrier 
	TBD
	

	Carrier type
	2
	

	Guard Resource Availability
	2
	

	Information for Assigned Carrier 4
	
	

	CCI for assigned carrier 4
	
	

	A: preamble index for assigned carrier 4
	TBD
	

	Carrier type
	2
	

	Guard Resource Availability
	2
	

	…
	
	


15.2.x.2.4. 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 15.2.x.
15.2.x.2.5. 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.
15.2.x.2.6. QoS and Connection Management
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.2.7. Carrier Management

15.2.x.2.7.1 Primary Carrier Management

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. 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. ABS may provide the system information of the target primary carrier that is different from the serving primary carrier via the serving primary carrier. . ABS may allocate new STID when the current STID is already served by other AMS. The logical carrier indices may be re-arranged. ABS may direct an AMS to change the primary carrier without scanning.
The ABS may instruct AMS to perform scanning on other carriers which are not serving the AMS. 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. In this case, if the target carrier is not currently serving the AMS, the AMS may perform synchronization with the target carrier if required.
15.2.x.2.7.2 Secondary Carrier Management
During network entry, an ABS may assign one or more carriers among its available carriers to an AMS as Assigned secondary carriers. The detailed configuration information of assigned secondary carrier is provided through the REG-RSP message and the logical carrier index for assigned secondary carriers is allocated in order of the carrier information listed in the REG-RSP message. The logical carrier index of the primary carrier is always 0 and this index may be updated by ABS.
After the completion of network entry, the AMS has only one active carrier, which is allocated as the AMS’s primary carrier. The AMS does not perform any PHY/MAC processing on assigned secondary carriers until directed by the ABS. The ABS may update or release assigned secondary carriers based on loading and other factors.
In order for an AMS to transmit the data on additional secondary carriers or be ready for the potential use for data transmission, the ABS may add or release Active secondary carrier(s). . The active secondary carrier(s) is decided by ABS based on QoS requirement, load condition of carriers and other factors. The order of activation/deactivation and resource allocation for the secondary carrier(s) shall follow the order of logical carrier index. For this activation/deactivation, the ABS may use one of the following methods.

· The ABS transmits the number of active secondary carrier(s) to the AMS via DSx-REQ/RSP messages or MAC extended header.

· The ABS allocates or deallocates the fast feedback channel to the corresponding secondary carrier(s) without any explicit signaling.

The ABS may allocate a fast feedback channel for each newly activated secondary carrier. After the ABS receives the fast feedback channel(s) allocated for newly activated carrier(s), ABS may start transmitting data on the active secondary carrier(s). The active secondary carrier(s) shall be in connected mode to receive or to transmit the data burst. AMS may report CQI for all downlink active secondary carriers. AMS may perform periodic ranging for the uplink active secondary carriers. The sounding channel may be transmitted by AMS when directed by ABS for uplink active secondary carriers. The AMS may update the system information of all active secondary carriers and may monitor resource allocation messages for all active secondary carrier(s).
15.2.x.2.8. Handover Support
15.2.x.2.8.1. Network Topology Acquisition
The network topology acquisition procedure is the same as in 15.2.5.1.
An ABS shall inform the information on the multicarrier configuration to AMS via AAI-NBR-ADV message or AAI-SCN-REQ. An AMS may obtain the information on the permanent frequency offset of the target FA from the multicarrier configuration information. An ABS shall inform the information on the multi-carrier configuration of the common MAC via AAI-NBR-ADV, and an AMS can select one carrier included in the multi-carrier configuration information to perform scanning or handover.
15.2.x.2.8.2. Handover Procedure

An AMS in multi-carrier operation follows the handover operation in single carrier mode of IEEE 802.16m. MAC management messages in relation with handover between an AMS and an ABS are transmitted over the AMS’s primary carrier. Similar to the procedure defined in 15.2.5, if directed by serving ABS via HO Command control signaling, the AMS performs network re-entry with the target ABS on the assigned fully configured carrier at action time while continuously communicating with serving ABS. However, the AMS stops communication with serving ABS on primary/secondary carriers after network re-entry at target ABS is completed. In addition, AMS cannot exchange data with target ABS prior to completion of network re-entry. Multiplexing of network re-entry signaling with target ABS and communications with serving ABS is done via multiple radio carriers. Figure 63 shows a general handover call flow for AMS with multi-carrier capability. 

[image: image1.emf]AMS

Serving 

ABS

Target 

ABS

Radio 

carrier 

1

Radio 

carrier 

2

Target 

primary 

carrier

HO Initiation

HO Command

Serving 

primary 

carrier

Network re-entry

Data path established

Backbone Backbone

HO REQ

HO RSP

HO COMPLT

Target 

secondary 

carrier

Data path established

HO Indication

MS-BS data communication 

during network re-entry


Figure 63. A general call flow for AMS with multi-carrier capability
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. Figure 64 shows an example HO call flow of the case in which AMS is capable to process multiple carriers at the same time and the target primary carrier is different from the serving primary carrier.
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Figure 64. Example call flow for multi-carrier HO in which the target primary carrier is different from the serving primary carrier

To facilitate AMS’s scanning of neighbor ABS’s fully configured carriers, the serving ABS may broadcast/multicast/unicast the neighbor ABS’s multi-carrier configuration information to the AMS. 

During the HO initiation specified in section 15.2.5.2.2, the AMS may get the information on OFDMA multi-carrier capabilities of one or more possible target ABSs in the handover transaction. 
After handover to a certain target ABS is determined, the AMS conducts network re-entry through its target primary carrier. After the completion of network re-entry procedure, the AMS and the ABS may communicate over AMS’s primary and/or secondary carriers.
Regardless of multi-carrier support, an AMS capable of concurrently processing multiple radio carriers, may perform scanning with neighbor ABSs and HO signaling with the target ABS using one or more of its available radio carriers, while maintaining normal operation on the primary carrier and secondary carriers of the serving ABS. The AMS may negotiate with its serving ABS in advance to prevent allocation over those carriers used for scanning with neighboring ABSs and HO signaling with the target ABS. Any data exchange that has been active on such negotiated carriers shall be redirected to the AMSs primary carrier that stays connected to the serving ABS. 
15.2.x.2.9. Operation for carrier switching mode

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 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.
============================ End of Proposed Text ===============================
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