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1 
Downlink 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 AMS can access the system without decoding legacy FCH and legacy MAP messages.

1 
Downlink Control Information Classification 

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

1 Synchronization Information

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

1 System Configuration Information

This includes a minimal set of time critical system configuration information and parameters needed for the mobile station (AMS) to complete cell selection and system access in a power efficient manner

1 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 AMSs after system acquisition. Examples of this class include information required for handover such as handover trigger, and neighbor ABS information.

1 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.

1 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. 

1 
Transmission of Downlink Control Information

1 Advanced Preamble (A-PREAMBLE)

The Advanced Preamble (A-PREAMBLE) is a DL physical channel which provides a reference signal for timing, frequency, and frame synchronization, RSSI estimation, channel estimation, and ABS identification.

1 Advanced Preamble Design Considerations

Table 1 defines considerations taken into account in the design of the A-PREAMBLE.

	Convergence time
	Time interval for the probability of error in A-PREAMBLE 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
	Selection of an ABS among the co-channel ABS’s whose received powers averaged over the convergence time are within 3 dB of the ABS 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 A-PREAMBLE

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

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

	Multi-carrier support
	Design of A-PREAMBLE to support functionality described in Sections Error! Reference source not found. and  Error! Reference source not found.


Table 1: Definitions related to the A-Preamble
1 Overhead

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

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

1 Synchronization

The A-Preamble provides time and frequency synchronization including frame and superframe alignment.

1 Coverage

The coverage of the IEEE 802.16m A-PREAMBLE is not worse than the minimum of the required coverage for broadcasting channel, control channel and unicast data channel under channel conditions defined in the IEEE 802.16m evaluation methodology for the supported cell sizes.
1 Cell IDs

The cell ID is obtained from the A-PREAMBLE. To support femtocell BS and ARS deployments, the number of unique cell IDs that can be conveyed by the SA-PREAMBLE is equal to 768.

1 MIMO Support and Channel Estimation

The IEEE 802.16m A-PREAMBLE supports multi-antenna transmissions. Channel estimation is supported from the A-PREAMBLE in order to enable control/data channel decoding. 

1 Multi-carrier Multi-bandwidth Support

IEEE 802.16m A-PREAMBLE supports multi-bandwidth and multi-carrier operations.

1 Measurement Support

IEEE 802.16m A-PREAMBLE supports noise power estimation.

1 Sequence Requirements

The A-Preamble PAPR and peak power is no larger than that of other downlink signals.

1 Advanced Preamble Architecture

1 Overview

1 Hierarchy

IEEE 802.16m supports hierarchical synchronization with two levels. These are called the Primary Advanced Preamble (PA-PREAMBLE) and Secondary Advanced Preamble (SA-PREAMBLE). The PA-PREAMBLE is used for initial acquisition, superframe synchronization and sending additional information. The SA-PREAMBLE is used for fine synchronization, and cell/sector identification (ID). 
1 Multiplexing

PA-PREAMBLE and SA-PREAMBLE are TDM

1 Number of Symbols in A-PREAMBLE

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

In mixed deployments, the presence of the IEEE Std 802.16-2009 preamble is implicit.

1 Location of Synchronization Symbols

In mixed deployments, the IEEE Std 802.16-2009 preamble is located in the first symbol of the IEEE Std 802.16-2009 frame. The location of the A-PREAMBLE symbol(s) is fixed within the superframe.

One PA-Preamble symbol and three SA-Preamble symbols exist within the superframe. The location of the A-Preamble symbol is specified as the first symbol of frame. PA-Preamble is located at the first symbol of second frame in a superframe while SA-Preamble is located at the first symbol of remaining three frames as depicted in Figure 1.
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Figure 1: Structure of the A-Preamble

The length of sequence for PA-Preamble is 216 regardless of the FFT size. PA-Preamble carries the information related to system bandwidth, and carrier configuration, where the subcarrier index 256 is reserved for DC subcarrier. 
SA-Preamble sequences are partitioned and each partition is dedicated to specific base station types such as Macro BS, Macro Hotzone BS, Femto BS and etc. 
The partition information is broadcasted in the Secondary Superframe Header (S-SFH)

For the support of femtocell deployment, a femtocell BS should self-configure the segment or subcarrier set for SA-Preamble transmission based on the segment information of the overlay macrocell BS for minimized interference to macrocell if the femtocell BS is synchronized to macrocell BSs. The segment information of the overlay macrocell BS may be obtained by communications with macrocell BS through backbone net​work or active scanning of SA-Preamble transmitted by macrocell BS.

1 Properties of PA-PREAMBLE & SA-PREAMBLE 

The PA-PREAMBLE has these properties:

· Common to a group of sectors/cells

·  Supports limited signaling (e.g., system bandwidth, carrier information, etc.)

· Fixed number of subcarriers ( but the occupied bandwidth is less than 5MHz)

The SA-PREAMBLE has these properties:

· Full bandwidth

· Carries cell ID information

1 Description of Legacy Support/Reuse

IEEE 802.16m system will exist in both greenfield and mixed (coexisting IEEE Std 802.16-2009 and IEEE 802.16m equipment) deployments. In mixed deployments the IEEE Std 802.16-2009 preamble will be always present. As discussed in the design considerations, the IEEE 802.16m A-PREAMBLE is designed so as not to degrade the performance of legacy acquisition. The IEEE 802.16m A-PREAMBLE enables AMSs to synchronize in frequency and time without requiring the IEEE Std 802.16-2009 preamble.

The IEEE 802.16m PA-PREAMBLE supports a timing synchronization by autocorrelation with a repeated waveform. The structure of PA-PREAMBLE is not identical to that of legacy preamble in the time domain.

The structure of the A-Preamble for legacy support is illustrated in 2.


[image: image2.emf]Superframe 20 ms

5 ms

SA-Preamble

WirelessMAN-OFDMA preamble

......

f

Allocation Interval of PA-Preamble : 2 subcarriers

......

f

Allocation Interval in the WirelessMAN-

OFDMA : 3 subcarriers

Disjoint Intervals In the 

Frequency Allocation 

T

OFFSET

5 ms

PA-Preamble


Figure 2: A-Preamble transmission structure with legacy support
1 Cell ID Support

Sectors are distinguished by the Advanced Preamble. Each segment uses an SA-Preamble composed of a carrier-set out of the three available carrier-sets in the following manner:

· Segment 0 uses SA-Preamble carrier-set 0.

· Segment 1 uses SA-Preamble carrier-set 1.

· Segment 2 uses SA-Preamble carrier-set 2.

1 Multicarrier and Multi-bandwidth Support

For the 512-FFT size, the 144-bit SA-Preamble sequence is divided into 8 main blocks, namely, A, B, C, D, E, F, G, and H. The length of each block is 18 bits. Each segment ID has different sequence blocks. For the 512-FFT size, A, B, C, D, E, F, G, and H are modulated and mapped sequentially in ascending order onto the SA-Preamble subcarrier-set corresponding to segment ID. For higher FFT sizes, the basic blocks (A, B, C, D, E, F, G, H) are repeated in the same order. For instance in the 1024-FFT size, E, F, G, H, A, B, C, D, E, F, G, H, A, B, C, D are modulated and mapped sequentially in ascending order onto the SA-Preamble subcarrier-set corresponding to segment ID. 
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Figure 3: The allocation of sequence block for each FFT size

A circular shift is applied over three consecutive sub-carriers after applying subcarrier mapping. Each subblock has common offset. The circular shift pattern for each subblock is: 

[2,1,0……., 2,1,0, ….., 2,1,0, 2,1,0, DC, 1,0,2, 1,0,2, ……, 1,0,2,  …….1,0,2] where the shift is right circular. 

For the 512-FFT size, the blocks (A, B, C, D, E, F, G, H) experience the following right circular shift (0, 2, 1, 0, 1, 0, 2, 1), respectively. Figure 4 depicts the symbol structure of SA-Preamble in the frequency domain for the 512-FFT. 
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Figure 4: SA-Preamble symbol structure for 512-FFT

1 MIMO Support and Channel Estimation 

For multiple antenna systems, the SA-Preamble blocks are interleaved on the number of antennas (1, 2, 4 or 8). Where employed, MIMO support is achieved by transmitting A-PREAMBLE subcarriers from known antennas. Multiple antenna transmission is supported using:

(a) Cyclic delay diversity (with antenna specific delay values) for the PA-Preamble and

(b) Interleaving within a symbol (multiple antennas can transmit within a single symbol but on distinct subcarriers) for the SA-Preamble.

1 Advanced Preamble Sequence Design Properties

The A-PREAMBLE enables timing synchronization by autocorrelation. The power can be boosted. 

The PA-PREAMBLE is mapped with every other subcarrier on the frequency domain. Frequency reuse of 1 is applied to PA-PREAMBLE.
Frequency reuse of 3 is applied to SA-PREAMBLE.

1 Superframe Header (SFH)

The Superframe Header (SFH) carries essential system parameters and system configuration information. The SFH is divided into two parts: Primary Superframe Header (P-SFH) and Secondary Superframe Header (S-SFH).

1 Primary Superframe Header (P-SFH) and Secondary Superframe Header (S-SFH)

The Primary Superframe Header (P-SFH) and the Secondary Superframe Header (S-SFH) carry essential system parameters and system configuration information. The P-SFH is transmitted every superframe. The P-SFH IE is of fixed size and contains essential system information. It is mapped to the P-SFH.

When present, the S-SFH may be transmitted over one or more superframes. The S-SFH is of variable size. The size of S-SFH is indicated by the P-SFH. Essential system parameters and system configuration information carried in the S-SFH is categorized into multiple subpacket IEs. The S-SFH IEs are transmitted with different timing and periodicity and are mapped to the S-SFH.

The S-SFH Sub-Packet 1 (SP1) Information Element (IE) includes information needed for network re-entry. S-SFH SP2 contains information for initial network entry and network discovery. S-SFH SP3 contains remaining information for maintaining communication with the ABS.

1 Location of the SFH

The SFH includes P-SFH and the S-SFH, and is located in the first subframe within a superframe. The P-SFH and S-SFH are assigned no more than 24 distributed
 LRUs contained within a (5 MHz bandwidth).

1 Multiplexing of the P-SFH and S-SFH with Other Control Channels and Data Channels

The P-SFH/S-SFH is TDM with the A-PREAMBLE.

If SFH occupies narrower BW than system BW, the P-SFH and S-SFH in SFH are FDM with data within the same subframe.

The P-SFH is FDM with the S-SFH within the first subframe.

1 Transmission Format 

The P-SFH and S-SFH are transmitted using predetermined modulation and coding schemes. The modulation for the P-SFH and the S-SFH is QPSK.

The effective 
coding rates for the P-SFH is 1/24 (or 1/16) and the effective S-SFH coding rate is configured by the P-SFH are FFS. 

Multiple antenna schemes for transmission of the P-SFH/S-SFH are supported. The AMS is not required to know the antenna configuration prior to decoding the P-SFH.

Two-stream SFBC with two Tx antennas is used for P-SFH and S-SFH transmission. For more than 2-Tx antenna configurations, the P-SFH and S-SFH are transmitted using 2-stream SFBC with precoding, which is decoded by the AMS without any information on the precoding and antenna configuration.

The physical processing of the P-SFH IE is shown in Figure 5.
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Figure 5: Physical Processing of the P-SFH

The physical processing of the S-SFH IE is shown in 
Figure 6

.
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Figure 6: Physical Processing of the S-SFH

Rate 1/4 tail-biting convolutional codes as the mother rate
 are used for the P-SFH and S-SFH. 

1 Resource Allocation 

The P-SFH and S-SFH are transmitted in a predefined frequency partition. The subframe where the SFH is located has one frequency partition.

The PHY structure for transmission of P-SFH and S-SFH is described in Section Error! Reference source not found.. The P-SFH and S-SFH use distributed LRUs.

1 Advanced MAPs (A-MAP)

1 Unicast Service Control Information/Content

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

User-specific control information is further divided into assignment information, HARQ feedback information, and power control information, and they are transmitted in the assignment A-MAP, HARQ feedback A-MAP, and power control A-MAP, respectively. All the A-MAPs share a region of physical resources called A-MAP region. 

In the DL subframes where the A-MAP regions can be allocated, each frequency partition may contain an A-MAP region. The A-MAP region occupies the first few distributed LRUs in a frequency partition. The structure of an A-MAP region is illustrated as an example in the following figure. The resources occupied by each A-MAP physical channel may vary depending on the system configuration and scheduler operation. The A-MAP region consists of a number of distributed LRUs.
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Figure 7: The structure of an A-MAP region

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 SFH may be included in this category. 

1 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. HARQ ACK/NACK information for uplink data transmission is carried by DL ACK channel which is separated from control blocks for other user specific control information.

Resources can be allocated persistently to AMSs. The periodicity of the allocation may be configured.

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.

The user-specific A-MAP consists of the Assignment A-MAP, the HARQ Feedback A-MAP and the Power Control A-MAP.

Assignment A-MAP

The Assignment A-MAP contains resource assignment information which is categorized into multiple types of resource assignment IEs (assignment A-MAP IE). Each assignment A-MAP IE is coded separately and car​ries information for one or a group of users. 

The minimum logical resource unit in the assignment A-MAP is called an MLRU. The assignment A-MAP IE is transmitted with one MLRU or multiple concatenated MLRUs in the A-MAP region. The number of logically contiguous MLRUs is determined based on the assignment IE size and channel coding rate, where channel coding rate is selected based on AMS’ link condition. Assignment A-MAPs are grouped together based on MCS level and A-MAP IE sizes. Assignment A-MAPs in the same group are transmitted with the same MCS level and contain the same A-MAP IE size. Each assignment A-MAP group contains several logically contiguous MLRUs. The number of assignment A-MAPs in each assignment A-MAP group is signaled through non-user specific A-MAP.

HARQ Feedback A-MAP

The HARQ feedback AMAP carries HARQ ACK/NACK information for uplink data transmission.

Power Control A-MAP

The Power Control A-MAP carries fast power control command to AMS.

1 Multiplexing Scheme for Data and Unicast Service Control 

Within a subframe, control and data channels are multiplexed using FDM. Both control and data channels are transmitted on LRUs that span all OFDM symbols in a subframe.

1 Location of Control Blocks  

The first IEEE 802.16m DL subframe of each frame contains one A-MAP region. Multiple A-MAP regions in a subframe are FFS. An A-MAP region can include both non-user specific and user specific control information.

A-MAP regions are located 'n' IEEE 802.16m subframes apart. If an A-MAP region is allocated in subframe N, the next A-MAP region is in subframe N+n of the same frame. DL data allocations corresponding to the A-MAP region can correspond to resources in any subframes between successive A-MAP 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-MAP region in subframe N can point to resource allocation in subframe N or N+1 and the next A-MAP region is in subframe N+2. If an
 A-MAP region is allocated in subframe N and contains the specification for UL data allocations, the corresponding UL data allocations occur in subframe TBD.

An example illustrating the location of an A-MAP region in TDD with 4:4 subframe DL: UL split is provided in Figure 8.
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Figure 8: Example on the Location of A-MAP regions in a TDD system with a 4:4 subframe DL:UL split 
In the FDD mode, the first IEEE 802.16m DL subframe of each frame contains one A-MAP region. In the TDD mode, the first IEEE 802.16m DL subframe after each UL to DL transition contains one A-MAP region.

1 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.

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.

Non-user-specific control information in an A-MAP region is transmitted at a fixed MCS for a given system configuration.

The coding chain for the non-user-specific A-MAP-IE is shown in Figure 9.
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Figure 9: Physical processing of the Non-user specific A-MAP

The Assignment A-MAP (A-A-MAP) includes one or multiple A-A-MAP-IEs and each A-A-MAP-IE is encoded separately. Figure 10 illustrates the procedure for constructing A-A-MAP symbols. Following rate matching and repetition, the encoded bit sequences are modulated using QPSK. For a given system configuration, assignment A-MAP IEs can be encoded with two different effective code rates. The set of code rates is (1/2, 1/4) or (1/2, 1/8).

Rate 1/4 tailbiting convolutional codes are used for the Assignment A-MAP.
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Figure 10: Physical processing of the Assignment A-MAP

The HARQ feedback A-MAP (HF-A-MAP) contains HARQ-feedback-IEs for ACK/NACK feedback informa​tion to uplink data transmission. Each HF-A-MAP IE carries 1 bit information. Depending on the channel conditions, the modulation can be QPSK or BPSK. If QPSK is used, 2 HF-A-MAP IEs are mapped to a point in the signal constellation. If BPSK is used, each HF-A-MAP IE is mapped to a point in the signal constellation. Repeated HF-A-MAP IE bits are scrambled by the Nrep, HF-AMAP  LSBs of the STID of the associated AMS. 
The coding chain for the HF-A-MAP IE is shown in Figure 11.
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Figure 11: Physical processing of the HF A-MAP

The 
Power Control A-MAP (PC-A-MAP) contains PC-A-MAP-IEs for closed-loop power control of the uplink transmission. The ABS transmits the PC-A-MAP-IE to every AMS which operates in closed-loop power control mode. The coding chain for the HF-A-MAP IE is shown in Figure 12.
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Figure 12: Physical processing of the Power Control A-MAP

1 E-MBS MAPs

E-MBS MAPs are classified into cell specific and non-cell specific control channels. SFH provides the location information for both cell-specific and non-cell specific E-MBS MAPs. 

The cell specific control channel carries all cell specific information while the non cell specific control channel carries all information on multiple BS transmission. 

One cell specific E-MBS MAP and one or more non cell specific E-MBS MAPs may exist in a cell. Multiple cell specific information are jointly encoded into one cell specific E-MBS MAP. Each E-MBS MAP may support one or more E-MBS services within an MBS zone.

1 Multicast Service Control Information/Content

The cell specific E-MBS MAP provides all essential parameters for retrieving single-BS E-MBS, and it also contains some control parameters which are cell specific for multi-BS E-MBS.

1 Multiplexing Scheme for Data and Multicast Service Control 

Within a subframe where multicast data and E-MBS MAPs are carried, E-MBS MAPs and data channels are multiplexed using FDM. Within a MBS scheduling interval, each E-MBS control channel is transmitted at the beginning of the corresponding E-MBS zone interval in order to decode the burst information.

1 Location of Control Blocks within 
a Frame/Subframe

1 Transmission Format 

A multicast service control information element is defined as the basic element of the multicast service control.  A multicast service control information element is non-user specific and is addressed to all users in the cell.

1 Resource Allocation 

1 Transmission of Additional Broadcast information on Traffic Channel

Examples of additional broadcast information include system descriptors, neighbor ABS information and paging information. 

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

The essential configuration information about different RATs may be transmitted by an ABS. Such messages may be structured as broadcast or unicast messages.

The configuration of different RATs may be defined in a variable length MAC management message. This message should include information such as:

· RAT Logical Index

· RAT Type: 16m, 16e only, 3GPP/3GPP2, DVB-H, etc.

· If other RAT : List of configuration Parameters

The configuration parameters should include all information needed for efficient scanning and if needed handing over/switching to such RATs with minimal signaling with the target RAT.

1   Mapping Information to DL Control Channels

	Information
	Channel
	Location

	Synchronization information
	Advanced Preamble (A-PREAMBLE): Primary Advanced Preamble (PA-PREAMBLE) and Secondary Advanced Preamble (SA-PREAMBLE)
	PA-Preamble is located at the first symbol of second frame in a superframe. SA-Preamble is located at the first symbol of remaining three frames.

	System configuration information
	Primary Superframe Header (P-SFH) and Secondary Superframe Header (S-SFH)

	Inside SFH

	Extended system parameters and system configuration information
	Additional Broadcast Information on Traffic Channel
	Outside SFH

	Control and signaling for DL notifications
	Additional Broadcast Information on Traffic Channel
	Outside SFH

	Control and signaling for traffic
	Advanced MAP
	Outside SFH


Table 2: Mapping information to DL control channels


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































�Technical, Clarification a


Aligned with D1 text


�Technical: Clarification


 SFH uses the distributed LRU


�Technical: Clarification regarding resource assignment for SFH


�Technical, Clarification 


Technical: Code rates are not FFS and are currently specified in the AWD�





�Editorial: delete line break


�Technical, Clarification


�Technical, Clarification


Aligned with D1 text. The first subframe carrying SFH uses one frequency partition 


�Technical: Comment not implemented from session 62


�Editorial: Replace 'a A-MAP' with 'an A-MAP'


�Technical: FFS is not required since MCS is specified for each user-specific control channel


�Technical: STID scrambling as specified in draft D1 


Technical: Figure updated to be consistent with draft D1�


�Editorial


�Technical: Figure updated to be consistent with draft D1


�Editorial
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