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Introduction

This contribution provides amendment text for the DL Control Structure in the Advanced Air Interface to be included in Section 15 of the IEEE 802.16m Amendment Working Document [1]. The text was developed using baseline text from the Draft IEEE 802.16m System Description Document (SDD) [2]. 

Additional details and performance evaluation in support of the proposed text are provided in contributions [3]and [4].
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Proposed Amendment Text

The following text is proposed for inclusion in Section 15 of the IEEE 802.16m Amendment Working Document [1]. 

In order to be consistent with the 802.16e nomenclature, the following terms in the SDD have been renamed with the convention below.
Synchronization Channel (SCH)- Enhanced Preamble

Advanced Mobile Station (AMS) - Advanced Mobile Station (aMS)

Advanced Base Station (ABS) - Advanced Base Station (aBS)

Broadcast Channel (BCH) – Superframe Header (SFH)
Primary Broadcast Channel (PBCH) – Primary Broadcast Control Header (PBCH)

Secondary Broadcast Channel (SBCH) – Secondary Broadcast Control Header (SBCH)

Unicast Service Control Channel (USCCH) – Advanced MAP (aMAP)

15.x  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 aMS can access the system without decoding legacy FCH and legacy MAP messages.

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

15.x.1. 
Transmission of DL Control Information

15.x.2.1. Enhanced Preamble
15.x.2.2. Superframe Header (SFH)
The Superframe Header (SFH) shall carry essential system parameters and system configuration information. The SFH is divided into two parts: the Primary Broadcast Control Header (PBCH) and the Secondary Broadcast Control Header (SBCH). 
15.x.2.2.1. Information Content
The PBCH shall carry essential information that is required every superframe. The SBCH shall carry the remaining system parameters and system configuration information. Depending on the frequency at which system information is needed, the contents of the SBCH are organized into subpackets, the presence of which is indicated by a bitmap contained of the first subpacket (SP0). The structure of the SBCH is shown in Figure 1. 
[image: image1.emf]
Figure 1: Subpacket Structure for SBCH
Information carried in the PBCH and SBCH is listed in Appendix A. 
15.x.2.2.2. Multiplexing with other control and data channels
The SFH includes PBCH and the SBCH, and is located in the first subframe within a superframe. The SFH is TDM with the enhanced preamble.
The PBCH shall multiplexed with the SBCH using FDM within the first subframe and the PBCH and SBCH together shall occupy a physical BW no greater than 5 MHz. If the SFH occupies a physical bandwidth narrower BW than the system BW, the PBCH and SBCH in SFH shall be multiplexed with data within the same subframe in an FDM fashion.
The PBCH and SBCH shall be transmitted in a predefined frequency partition and the PRUs of the frequency partition used for PBCH and SBCH transmission shall span the available bandwidth for SFH.
The PBCH shall be transmitted every superframe. The lowest order subpacket of SBCH, SP0 shall be present in every SFH and shall follow the PBCH. Higher order subpackets of the SBCH may or may not be present in every SFH. The presence of higher order subpackets in a SFH shall be specified using a subpacket bitmap that is present in SP0 of the SBCH. Up to four consecutive instances of the SBCH can be combined for decoding. Figure 2 illustrates the transmission protocol for the PBCH and SBCH.
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Figure 2: Transmission of the PBCH and SBCH
An illustration of the transmission of the PBCH and different subpackets of the SBCH is shown in Figure 3. In this example, SP1 is assumed to be transmitted every 100 ms (5 superframes) and SP4 every 500 ms (25 superframes).

15.2.2.2.1. Structure of SBCH in mixed mode operation of IEEE 802.16e and IEEE 802.16m based WiMAX networks
In mixed mode operation, the reference IEEE 802.16e system and IEEE 802.16m may have common system information. The contents of SBCH subpackets are partitioned into two parts. One part contains system information specific to 802.16m and the other part contains system information common to 802.16e and 802.16m as shown in Figure 3. In mixed mode operation, the system information common to both 802.16e and 802.16m shall not be transmitted in a 802.16m superframe in order to reduce system overhead as shown in Figure 4. The inclusion or exclusion of system information common to both 802.16e and 802.16m is specified using a single bit in each sub-packet. 
[image: image3.emf]
Figure 3: SBCH Structure for 16m in mixed mode operation [image: image4.emf]
Figure 4: PBCH and SBCH Structure in mixed mode operation when only the part of system information specific to 802.16m is transmitted

15.x.2.2.3. PHY Structure
QPSK modulation shall be used for the PBCH and the SBCH. The effective code rate with repetition for transmission of the PBCH shall be no greater than 1/16. The code rate for the transmission of the SBCH is FFS.
SFBC shall be used as the transmission scheme for the PBCH and SBCH. The aMS is not required to know the antenna configuration prior to decoding the PBCH.
The PBCH and SBCH shall use distributed resource units.
15.x.2.3. Advanced MAP (aMAP) 

15.x.2.3.1. Advanced MAP information/content

The Advanced MAP (aMAP) shall be used to carry unicast service control information. Unicast service control information consists of both user-specific control information and non-user-specific control information.
15.2.3.1.1. 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 SFH shall be included in this category. 

15.2.3.1.2. 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. Scheduling assignment information shall be transmitted in the resource assignment channel. HARQ ACK/NACK information for uplink data transmission shall be transmitted in the DL ACK channel. Power control information for UL power control shall be transmitted in a separate DL power control channel.

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.
15.x.2.3.2. Multiplexing with other control and data channels
Within a subframe, control and data channels shall be multiplexed using FDM. Both control and data channels shall be transmitted on logical resource units (LRU) that span all OFDM symbols in a sub-frame.

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

aMAP regions shall be located 'n' IEEE 802.16m subframes apart. If an aMAP region is allocated in subframe N, the next aMAP region shall be allocated in subframe N+n of the same frame. DL data allocations corresponding to the aMAP region can correspond to resources in any subframes between successive aMAP regions.  The values of n can be 1 or 2. Other values of n (3 and 4) are FFS. For example, for n=2, an aMAP region in subframe N can point to resource allocation in subframe N or N+1 and the next aMAP region is in subframe N+2. If an aMAP 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 shall contain an aMAP region. In the TDD mode, the first IEEE 802.16m DL subframe after each UL to DL transition shall contain an aMAP region.
Figure 5 illustrates the location of a MAP region for n=1 and 2 cases in the TDD mode.
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Figure 5: Location of aMAP regions in a TDD system with a 4:4 subframe DL:UL split 
15.x.2.3.3. PHY Structure
An aMAP information element (IE) is defined as the basic element of unicast service control. An aMAP IE 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.

Non-user-specific control information shall be encoded separately from the user-specific control information with a fixed MCS for a given system configuration. 

For user-specific control information elements intended for a single user or a group of users, multiple information elements shall be coded separately. The modulation and coding scheme of each information element shall be variable.

SFBC shall be used as the MIMO scheme for aMAP regions. 
Resource allocation of an aMAP region is illustrated in Figure 6 as an example. In subframes where an aMAP regions exist, an aMAP region can be present in each frequency reuse group. When FFR is deployed, an aMAP region shall be present in the frequency reuse 1 group and aMAP presence in the frequency reuse 3 group is optional. aMAP regions occupy the first few distributed LRUs in a frequency reuse group. Each distributed LRU can be further divided into smaller resource units to carry physical channels in an aMAP region.

The resource occupied by non-user specific information, ACK/NACK channels, and power control channels are fixed for a given system configuration respectively. Resource allocation channels with the same MCS are grouped together to form a logically contiguous resource segment, whose size is signaled through non-user specific information.


[image: image6]
Figure 6: Structure of an aMAP Region 

15.2.3.3.1. Non-user-specific control channel

The non-user specific control channel in an aMAP region shall contain information about the resource allocated to resource assignment channels using a particular MCS. The coding of non-user specific control channel is FFS.

15.2.3.3.2. DL ACK/NACK channel
DL ACK/NACK channels shall contain DL ACK/NACK information for UL HARQ. The coding of DL ACK/NACK channel is FFS.

15.2.3.3.3. Power control channel

15.2.3.3.3.1. Information Content

Power control channels carry aMAP Power Control (PC) Information Elements (IE), which define the Tx power adjustment value for the corresponding aMS. The aMAP PC IE has 2 bits. The corresponding power adjustment values are shown in Table 1.
Table 1: Power adjustments values

	PC IE
	Power adjustment

	0x00
	-0.5dB

	0x01
	0.0dB

	0x02
	0.5dB

	0x03
	1.0dB


15.2.3.3.3.2. Channel Coding and Modulation
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Figure 7: Power control channel transmission structure
Figure 5 shows the block diagram for the power control channel. Each aMAP PC IE shall contain 2 bits and these 2 bits shall be modulated as a QPSK symbol. Then 2 QPSK symbols from 2 aMS’s PC IEs are coded using SFBC. To achieve the target aMAP PC IE reliability, SFBC block coding is repeated and the repetition number is fixed to 2 or more according the system configuration.

Before transmission, a scaling factor 
[image: image8.wmf]P

 is used to boost or deboost power control channel symbols.
15.2.3.3.4. Resource Assignment channel

15.x.1.5.1. Information Content
The resource assignment channel shall be used to assign resources to individual connections using dynamic scheduling or to user groups through group scheduling. 
15.x.1.5.2. Resource Assignment for Dynamic Scheduling

Resource assignment channels shall be used to transmit aMAP IEs for dynamic resource assignment to an individual connection on the DL/UL. A CRC shall be appended to each DL/UL resource assignment aMAP IE and the length of the CRC is TBD. The CRC shall be masked by the CID to reduce the control overhead.

The DL/UL aMAP IE contents are described in Appendix B.

15.x.1.5.3. Resource Assignment for Group Scheduling

In order to assign resources to a group of users, the aBS shall transmit the DL Group aMAP IE for assignment of DL resources and a UL Group aMAP IE for assignment of UL resources. The BS maintains an MS in a particular group until the MS is de-allocated from the group, reallocated or a Group Error Event occurs. 
Group scheduling also provides a mechanism to perform HARQ retransmissions with fixed retransmission delay to reduce the aMAP overhead for allocating HARQ retransmissions. The BS may choose to use group scheduling or dynamic scheduling for HARQ retransmissions. Resources for retransmissions can be allocated using either DL/UL aMAP IE or DL/UL Group MAP IE. 
The DL/UL Group aMAP IE contents are described in Appendix B.

15.2.3.3.4.1. Channel Coding and Modulation

The bit sequence of the DL/UL aMAP IE and the CRC shall be encoded by a binary convolutional encoder with a code rate of 1/2. The resulting bits sequence shall be modulated by QPSK and coded by SFBC. The modulated symbols shall be scaled by a factor 
[image: image9.wmf]P

, where 
[image: image10.wmf]P

 is the power boosting factor for the resource assignment channel.
15.x.2.4. Multicast Service Control Channels
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