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11.7 ​​​​​​​​​​​​
DL Control Structure

DL control channels are needed to convey information essential for system operation. In order to reduce the overhead and network entry latency, and improve robustness of the DL control channel, information is transmitted hierarchically over different time scales from the superframe level to the subframe level. Broadly speaking, control information related to system parameters and system configuration is transmitted at the superframe level, while control and signaling related to traffic transmission and reception is transmitted at the frame/subframe level. 

In mixed mode operation (legacy/IEEE 802.16m), an IEEE 802.16m MS can access the system without decoding legacy FCH and legacy MAP messages.

Details of the DL control structure are described in the following sections. 

11.7.1 
DL Control Information Classification 

Information carried in the DL control channels is classified as follows.

11.7.1.1 Synchronization information

This type of control information is necessary for synchronization and system acquisition. 

11.7.1.2 Essential system parameters and system configuration information

This includes a minimal set of time critical system configuration information and parameters needed for the mobile station (MS) to complete access in a power efficient manner, including the following three types: 

11.7.1.2.1 Deployment-wide common information

Deployment-wide common information and parameters such as downlink/uplink system bandwidth, TDD downlink/uplink ratio, and number of switching points.

11.7.1.2.2 Downlink sector-specific information

Downlink sector-specific essential information and parameters to enable MS to further receive downlink extended broadcast information, control signaling and data. Examples of such information include antenna configuration, DL resource allocation configuration, pilot configuration.

11.7.1.2.3 Uplink sector-specific information

Uplink sector-specific essential information and parameters that are needed for the MS to perform access on the uplink. Examples include UL resource allocation configuration, system configuration for initial ranging, UL channel parameters, UL power control parameters.

11.7.1.3 Extended system parameters and system configuration information

This category includes additional system configuration parameters and information not critical for access, but needed and used by all MSs after system acquisition. Examples of this class include information required for handover such as handover trigger, neighbor BS information, etc.

11.7.1.4 Control and signaling for DL notifications

Control and signaling information may be transmitted in the DL to provide network notifications to a single user or a group of users in the idle mode and sleep mode. Example of such notification is paging, etc.

11.7.1.5 Control and signaling for traffic

The control and signaling information transmitted in the DL for resource allocation to a single user or a group of users in active or sleep modes is included in this category. This class of information also includes feedback information such as power control and DL acknowledgement signaling related to traffic transmission/reception. 

11.7.2 
Transmission of DL Control Information

11.7.2.1 Synchronization Channel (SCH)

The synchronization channel (SCH) is a DL physical channel which provides a reference signal for time, frequency, and frame synchronization, RSSI estimation, channel estimation, and BS identification.

11.7.2.1.1 Synchronization channel requirements (Informative)

DEFINITIONS

	Convergence time
	Time interval for the probability of error in SCH index detection to be less than 1 % under non-ideal assumptions on the timing and carrier synchronization, measured from the start of the acquisition process.

	Correct detection
	Choose a BS among the co-channel BS’s whose received powers averaged over the convergence time are within 3 dB of the BS with the highest received power 

	Coverage area
	Area where the false detection probability is less than 1 % within the convergence time

	Overhead
	Total radio resources (time and frequency) per superframe that can not be used for other purpose because of SCH

	Cell ID set
	The cell ID set is the set of unique SCH symbols for differentiating between macrocell/femtocell/sector/relay transmitters

	Multi-bandwidth support
	Design of SCH for different bandwidths as specified in Error! Reference source not found. 

	Multi-carrier support
	Design of SCH to support functionality described in sections Error! Reference source not found. and Error! Reference source not found.


11.7.2.1.1.1 Overhead

Mixed mode with legacy system

In mixed mode operation the SCH overhead shall be less than or equal to 4 % per superframe including the legacy preamble, where the 4% is calculated based on the ratio of SCH resource and that of usable resource for transmitting data. 

IEEE 802.16m only mode

In IEEE 802.16m only mode operation the SCH overhead shall be less than or equal to 2.6 % per superframe, where the 2.6% is calculated based on the ratio of SCH resource and that of usable resource for transmitting data.

11.7.2.1.1.2 Synchronization

The SCH will provide synchronization for:

· Time, including frame and superframe

· Frequency 

Synchronization performance must at least match that of IEEE 802.16e. 

IEEE 802.16m SCH must enable system acquisition without knowledge of the full channel bandwidth.

The IEEE 802.16m SCH shall not cause degradation of synchronization for coexisting legacy systems. Synchronization shall be robust for the full range of required mobile velocities as defined in the SRD (i.e. up to 350km/hr).

11.7.2.1.1.3 Coverage

The coverage area of IEEE 802.16m SCH shall not be worse than the minimum of the required coverage for broadcasting channel, control channel and unicast data channel at channel conditions under considerations.

11.7.2.1.1.4 Cell IDs

The cell ID shall be obtained from the SCH. To support femto-cell deployments, the number of unique cell IDs conveyed by the SCH shall be greater than or equal to 512
11.7.2.1.1.5 MIMO support and channel estimation

IEEEIEEE 802.16m SCH may support multi-antenna transmissions. The number of supported antennas is FFS.

Channel estimation supported from the SCH is FFS.

11.7.2.1.1.6 Multi-carrier Multi-bandwidth support

IEEE 802.16m SCH shall support multi-bandwidth and multi-carrier operations as defined in the latest revision of the SDD.

11.7.2.1.1.7 Measurement Support

IEEE 802.16m SCH shall support noise power estimation.

11.7.2.1.1.8 Sequence requirements

The PAPR and peak power shall be no larger than those of the downlink signal (excluding SCH).

11.7.2.1.2 Synchronization channel architecture

11.7.2.1.2.1 Overview

11.7.2.1.2.1.1 Hierarchy

Two levels of synchronization hierarchy exist. These are called the primary synchronization channel (P-SCH) and secondary synchronization channel (S-SCH). The P-SCH is used for initial acquisition, superframe synchronization and sending additional information. The use of P-SCH for LBS is FFS.The S-SCH is used for fine synchronization, and cell/sector identification (ID). 
11.7.2.1.2.1.2 Multiplexing

P-SCH and S-SCH are TDM
11.7.2.1.2.1.3 Number of symbols in SCH

A complete instance of the SCH exists within a superframe. Multiple symbols within the superframe may comprise the SCH.

In mixed deployments, the presence of the IEEE 802.16e preamble is implicit.

11.7.2.1.2.1.4 Location of synchronization symbols

In mixed deployments, the presence of the 16e preamble in the first symbol of the 16e frame is implicit. The location of the SCH symbol(s) is fixed within the superframe.

The location of SCH is FFS. 

11.7.2.1.2.1.5 Properties of P-SCH & S-SCH 

The P-SCH has these properties:

· Common to a group of sectors/cells

·  Supports limited signaling (e.g. mode, bandwidth, repeat part of cell ID, etc)

· Fixed bandwidth (5MHz)
· Support LBS(FFS)

The S-SCH has these properties:

· [Same bandwidth as P-SCH | Full bandwidth]

· Carries cell ID information

11.7.2.1.2.2 Description of legacy support/reuse

IEEE 802.16m system will exist in both greenfield and mixed (coexisting 16e and IEEE 802.16m equipment) deployments. In mixed deployments the 16e preamble will be always present. As discussed in the requirements, the IEEE 802.16m SCH is not to degrade the performance of legacy acquisition. 

The IEEE 802.16m SCH shall enable IEEE 802.16m MSs to synchronize in frequency and time without 

requiring the IEEE 802.16e preamble.

11.7.2.1.2.3 Cell ID support

The number of IDs is at least 512. 

Sectors are distinguished by the synchronization channel.

11.7.2.1.2.4 Multicarrier and multi-bandwidth support

The location of the SCH in frequency is FFS
11.7.2.1.2.5 MIMO support and channel estimation 

Where employed, MIMO support is achieved by transmitting SCH subcarriers from known antennas. Antennas are:

(a) Cyclic delay diversity (with antenna specific delay values

(b) Interleaved either within a symbol (multiple antennas can transmit within a single symbol but on distinct subcarriers) or the different SCH sequences are transmitted from multi-antennas

(c) Across frames (only one antenna transmits in each symbol)

(d) Or some combination – actual approach is FFS. 

The number of BS antennas supported for MIMO channel measurements is FFS, depending on the requirements of other IEEE 802.16m SDD content, such as DL MIMO and interference mitigation.

11.7.2.1.3 Synchronization channel Sequence Design Properties

The SCH enables timing synchronization by autocorrelation.

The power of synchronization channel can be boosted 

The P-SCH  is mapping with every other subcarrier on the frequency domain. Frequency reuse of 1 is applied to P-SCH.
Frequency reuse of [TBD] is applied to S-SCH.
11.7.2.2 Broadcast Channel (BCH)

The Broadcast Channel (BCH) carries essential system parameters and system configuration information. The BCH is divided into two parts: Primary Broadcast Channel (PBCH) and Secondary Broadcast Channel (SBCH).
11.7.2.2.1 Primary Broadcast Channel (PBCH) and Secondary Broadcast Channel (SBCH)

The Primary Broadcast Channel (PBCH) and the Secondary Broadcast Channel (SBCH) carry essential system parameters and system configuration information. The The PBCH is transmitted every superframe. The SBCH may also be transmitted. When present,  SBCH may be transmitted over one or more superframes. The information contents of PBCH and SBCH is FFS
11.7.2.2.2 Location of the BCH

The SFH includes PBCH and the SBCH, and is located in the first subframe within a superframe.
11.7.2.2.3 Multiplexing of the PBCH and SBCH with other control channels and data channels

The PBCH and SBCH is are TDM with the SCH. The PBCH and the SBCH are FDM and transmitted within a bandwidth of 5 MHz.
If SFH occupies narrower BW than system BW, tThe PBCH and SBCH in SFH are FDM with data within the same subframe.
11.7.2.2.4 Transmission format 

The PBCH and SBCH are transmitted using predetermined modulation and coding schemes.
The modulation and coding rate for PBCH and the modulation and coding rate for SBCH are TBD. 

Multiple antenna schemes for transmission of the PBCH/SBCH are supported. The PBCH is transmitted as a single stream. The MS is not required to know the antenna configuration prior to decoding the PBCH.
If needed, signaling of the multiple antenna scheme used to transmit the PBCH/SBCH is TBD.

11.7.2.2.5 Resource allocation (physical to logical mapping, pilots, block size)
<Editors’ Notes: This section depends on SDD text included in the DL PHY Structure.>
The PBCH and SBCH are transmitted in a predefined frequency partition and PRUs of the frequency partition used for PBCH and SBCH transmission span the available bandwidth e.g., the center 5 MHz of the system bandwidth.
The PHY structure for transmission of DL control information in the PBCH and SBCH is described in Section 11.5.1. The PBCH and SBCH use distributed resource units.
11.7.2.3 Unicast Service Control Channels (USCCH) 

11.7.2.3.1 Unicast service control information/content

Unicast service control information consists of both user-specific control information and non-user-specific control information.

11.7.2.3.1.1 Non-user-specific control information

Non-user-specific control information consists of information that is not dedicated to a specific user or a specific group of users. It includes information required to decode the user-specific control. Non-user-specific control information that is not carried in the BCH may be included in this category. Details of non-user specific control information are FFS.
11.7.2.3.1.2 User-specific control information

User specific control information consists of information intended for one user or more users.  It includes scheduling assignment, power control information, HARQ ACK/NACK information.

Resources can be allocated persistently to MSs. The periodicity of the allocation may be configured.
A Group control information is used to allocate resources and/or configure resources to one or multiple mobile stations within a user group. Each group is associated with a set of resources. The group message contains bitmaps to signal resource assignment, MCS, resource size etc. VoIP is an example of the subclass of services that use group messages.

11.7.2.3.2 Multiplexing scheme for data and unicast service control 

Within a sub-frame, control and data channels are multiplexed using FDM. Both control and data channels are transmitted on logical resource units (LRU) that span all OFDM symbols in a sub-frame.
11.7.2.3.3 Location of control blocks  

The first IEEE 802.16m DL sub-frame of each frame contains user-specific control information at least one USSCH region. A USCCH region can include both non-user specific and user specific control information and occupies multiple consecutive distributed LRUs in a subframe.

USCCH regions Control blocks for user specific control information are located 'n' IEEE 802.16m subframes apart. If a unicast service control channel (USCCH) region is allocated in subframe N, the next USCCH region is in subframe N+n of the same frame. DL data allocations corresponding to the USCCH region can correspond to resources in any subframes between successive USCCH regions.  The values of n can be 1 or 2. Other values of n (3 and 4) are FFS. For example, for n=2, a USCCH region in subframe N can point to resource allocation in subframe N or N+1 and the next USCCH region is in subframe N+2. IEEE 802.16m If a USCCH region is allocated in subframe N and contains the specification for UL data allocations, the corresponding UL data allocations occur in subframe TBD.
In the FDD mode, the first IEEE 802.16m DL subframe of each frame contains at least one USCCH region. user-specific control information. In the TDD mode, the first IEEE 802.16m DL subframe after each UL to DL transition contains user-specific control information.
The location of control blocks for non-user specific control information is TBD.

11.7.2.3.4 Transmission format 

A unicast service control information element is defined as the basic element of unicast service control.  A unicast service control information element may be addressed to one user using a unicast ID or to multiple users using a multicast/broadcast ID.  It may contain information related to resource allocation, HARQ, transmission mode, power control, etc.

If each unicast service control information element is coded separately, this type of coding is referred to as “separate coding”, whereas if multiple unicast service control information elements are coded jointly, this type of coding is referred to as “joint coding”.

A coded control block is the output of separate coding or joint coding. The MCS of each coded control block may be controlled individually. Coded control blocks may all be transmitted at the same MCS and this transmission scheme is referred to as “fixed MCS”.  If each coded block may be transmitted at a different MCS, this scheme is referred to as “variable MCS”.

Coding of multiple unicast service control information elements may therefore either be joint coding or separate coding.

MCS of coded control blocks may either be with a fixed MCS or a variable MCS.

Non-user-specific control information is encoded separately from the user-specific control information. 

For user-specific control information elements intended for a single user or a group of users, multiple information elements are coded separately. The modulation and coding scheme (fixed/variable) of each information element is FFS. 
The transmission format (joint/separate and fixed/variable MCS) for non-user-specific control information is FFS

Non-user-specific control information in a USCCH region is jointly coded and transmitted at a fixed MCS for a given system configuration.

11.7.2.3.5 Resource allocation (physical to logical mapping, pilots, block size)  

<Editors’ Notes: This section depends on SDD text included in the DL PHY Structure.>
The PHY structure for transmission of DL control information in the USCCH is described in Section 11.5.1. USCCH regions use distributed resource units.
11.7.2.3.5.1 Pilot structure for unicast service control channels

<Editors’ Notes: This section depends on SDD text included in the DL PHY Structure.>
11.7.2.4 Multicast Service Control Channels

<Editors’ Notes:This section is a placeholder for text to be developed based on SDD text that will be added to Section 15 of the SDD (Support for Enhanced Multicast Broadcast Service). > 

11.7.2.4.1 Multicast service control information/content

11.7.2.4.2 Multiplexing scheme of data and multicast service control and (e.g. TDM, FDM, Hybrid TDM/FDM)

11.7.2.4.3 Location of control blocks within a frame/subframe  

11.7.2.4.4 Transmission format (e.g. modulation, coding, multiple antenna schemes)

11.7.2.4.5 Resource allocation (physical to logical mapping, pilots, block size) 

11.7.2.5 Transmission of Additional Broadcast information 

Examples of additional broadcast information include system descriptors, neighbor BS information and paging information. The indication of the presence of additional broadcast information is FFS.

MAC management messages may be used to transmit additional broadcast information.

11.7.3 Mapping information to DL control channels

	Information
	Channel
	Location

	Synchronization information
	Synchronization Channel (SCH)
	FFS

	Essential system parameters and system configuration information
	Primary Broadcast Channel (PBCH) and Secondary Broadcast Channel (SBCH)

	Inside of SFH

	Extended system parameters and system configuration information
	FFS
	Outside of SFH

	Control and signaling for DL notifications
	FFS


	FFS

	Control and signaling for traffic
	Unicast Service Control Channel
	Outside of SFH


Table 1 Mapping information to DL control channels
11.7.4 Multi-carrier Control Structure

<Editors’ Notes:This section is a placeholders for text to be developed based on SDD text that will be added to Section 19 of the SDD (Support for Multi-carrier Operation).  >
The carriers involved in a multi-carrier system, from one MS point of view, can be divided into two types:

· A Primary carrier is the carrier used by the BS and the MS to exchange traffic and PHY/MAC control information defined in IEEE 802.16m specification. Further, the primary carrier is used for control functions for proper MS operation, such as network entry. Each MS shall have only one carrier it considers to be its primary carrier in a cell.
· A Secondary carrier is an additional carrier which the MS may use for traffic, only per BS’s specific allocation commands and rules, typically received on the primary carrier. The secondary carrier may also include control signaling to support multi-carrier operation.
Based on the primary and/or secondary usage, the carriers of a multi-carriers system may be configured differently as follows:
· Fully configured carrier: A carrier for which all control channels including synchronization, broadcast, multicast and unicast control signaling are configured. Further, information and parameters regarding multi-carrier operation and the other carriers can also be included in the control channels. Fully configured carrier shall support both single carrier MS and multicarrier MS.
· Partially configured carrier: A carrier with only essential control channel configuration to support traffic exchanges during multi-carrier operation.
A primary carrier shall be fully configured while a secondary carrier may be fully or partially configured depending on usage and deployment model.[image: image1.emf]  CQI  
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