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Proposed Text for the DL Control 
Section of the IEEE 802.16m Amendment
Sean McBeath, JueJun Liu, Qian Tao, Yunsong Yang
Huawei Technologies

1. Introduction
The contribution proposes text for the DL control section to be included in the 802.16m amendment. The proposed text is developed so that it can be readily combined with IEEE P802.16 Rev2/D8 [1], it is compliant to the 802.16m SRD [2] and the 802.16m SDD [3], and it follows the style and format guidelines in [4].
2. Overview
Based on the SDD [3], the DL control structure consists of the SCH, BCH, USCCH, and MSCCH.  In this contribution, we focus primarily on the USCCH while providing associated details for the BCH.    
3. Simulation Results
Simulation results for the resource allocation scheme are provided in IEEE C802.16m-09/0351.
4. References
[1] IEEE P802.16 Rev2/D8, “Draft IEEE Standard for Local and Metropolitan Area Networks: Air Interface 
for Broadband Wireless Access,” Dec. 2008.

[2] IEEE 802.16m-07/002r6, “802.16m System Requirements” 
[3] IEEE 802.16m-08/003r6, “The Draft IEEE 802.16m System Description Document”
[4] IEEE 802.16m-08/043, “Style guide for writing the IEEE 802.16m amendment”
5. Text proposal for inclusion in the 802.16m amendment
-------------------------------  Text Start  --------------------------------------------------- 
3. Definitions
Insert the following at the end of section 3 of IEEE 802.16m-008/050 :
Abbreviations and acronyms
Insert the following at the end of section 4:
BCH



Broadcast Channel
ERAB


Extra Resource Allocation Bits

MSCCH


Multicast Service Control Channel

NUS



Non-User Specific

PBCH


Primary Broadcast Channel

PCCH


Power Control Channel

PG



Paging Group

SBCH


Secondary Broadcast Channel
SCH



Synchronization Channel

TERAB


Total Extra Resource Allocation Bits 

UBE



USCCH Basic Element

USCCH


Unicast Service Control Channel
Insert the following text into section 15 of IEEE 802.16m-008/050: 
4. Advanced Air Interface 

4.1. Physical layer 
4.1.1. DL Control Structure
The Advanced Air Interface DL control structure consists of the synchronization channel (SCH), the broadcast channel (BCH), the unicast service control channel (USCCH), and the multicast service control channel (MSCCH).

4.1.1.1. Synchronization Channel
4.1.1.2. Broadcast Channel
The broadcast channel consists of the primary broadcast channel (PBCH) and the secondary broadcast channel (SBCH).

4.1.1.2.1. Primary Broadcast Channel

The BS shall transmit the primary broadcast channel every superframe.  The content of the primary broadcast channel is provided in Table 1.
Table 1 – Primary Broadcast Channel Content
	Syntax
	Size (bit)
	Notes

	[USCCH Size]
	4
	One less than the size of the USCCH in units of LRUs

	Superframe Number
	8
	Least significant bits of superframe number

	PHY Permutation
	TBD
	

	SBCH Size
	3
	One less than the size of the SBCH in units of LRUs

	…
	
	


[USCCH Size – The USCCH Size field shall be set to one less than the size of the USCCH in units of LRUs.]
Superframe Number – The Superframe Number field shall be set to eight least significant bits of the superframe number.
PHY Permutation – The PHY Permutation field shall bet set to [TBD]
SBCH Size – The SBCH Size field shall be set to one less than the size of the SBCH in units of LRUs.
4.1.1.2.2. Secondary Broadcast Channel

The BS may transmit the secondary broadcast channel.  The content of the secondary broadcast channel is provided in Table 2.

Table 2 – Secondary Broadcast Channel Content
	Syntax
	Size (bit)
	Notes

	BSID
	48
	Base station identifier

	TDD Configuration
	2
	0b00 – 3 DL:5 UL (ERAB = 1)
0b01 – 4 DL:4 UL (ERAB = 0)
0b10 – 5 DL:3 UL (ERAB = 0)
0b11 – 6 DL:2 UL (ERAB = 0)

	System Bandwidth
	2
	0b00 – 5 MHz (ERAB=0)

0b01 – 10 MHz (ERAB=1)

0b10 – 20 MHz (ERAB=2)

0b11 – Reserved

	USCCH Period 
	1
	0b0 – USCCH occurs every DL subframe (ERAB = 0).

0b1 – USCCH occurs every other DL subframe.  (ERAB = 1).

	DL Configuration
	TBD
	

	UL Subframe Configuration
	5
	From the perspective of an Advanced Air Interface MS, the configuration of UL subframes as either WirelessMAN-OFDMA, Advanced Air Interface, or both using FDM PUSC mode

	Compressed PG Bitmap
	8
	Each bit corresponds to one or more paging group

	…
	
	


BSID – The BSID field shall be set to the base station identifier.

TDD Configuration – The TDD Configuration field indicates the DL:UL ratio for TDD systems.  The encoding of the TDD configuration field is provided in Table 3. 

Table 3 – TDD Configuration Encoding
	TDD Configuration
	Number of DL Subframes
	Number of UL Subframes
	Notation

	0b00 
	3
	5
	3:5

	0b01
	4
	4
	4:4

	0b11
	5
	3
	5:3

	0b11
	6
	2
	6:2


System Bandwidth – The System Bandwidth field shall be set to total bandwidth of the carrier (0b00 – 5 MHz, 0b01 – 10 MHz, and 0b10 – 20 MHz).

USCCH Period – If the USCCH Period field is set to 0b0, the USCCH occurs every DL subframe of the Advanced Air Interface frame, and if the USCCH Period field is set to 0b1, the USCCH occurs every other DL subframe of the Advanced Air Interface frame beginning with the first DL subframe of the Advanced Air Interface frame.  If the TDD Configuration field is set to 0b00, the USCCH Period field shall be set to 0b0. 

DL Configuration – TBD

UL Subframe Configuration – The UL Subframe Configuration field shall be set to designate the subframe as either WirelessMAN-OFDMA system only subframe,  Advanced Air Interface system only subframe, AMC FDM legacy support mode subframe, or PUSC FDM legacy support mode subframe from the perspective of an Advanced Air Interface MS. The detailed UL Subframe Configuration setting is provided in [TBD].
Compressed PG bitmap –Each bit in the Compressed PG Bitmap field corresponds to one or more paging groups.  The BS shall set a bit position to 0b1 to indicate that the BS belongs to the corresponding paging group and shall set a bit position to 0b0 to indicate that the BS does not belong to the corresponding paging group.  The detailed operation is provided in [TBD].

For each field or field value with the designation ERAB (Extra Resource Allocation Bits), the associated number is summed to produce the quantity TERAB (Total Extra Resource Allocation Bits).
4.1.1.3. Unicast Service Control Channel
The USCCH consists of the [non-user specific (NUS) control segment], the DL ACKCH segment, the DL PCCH segment, and the resource allocation segment as illustrated in Figure 1.
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Figure 1 – USCCH Structure
The USCCH occupies an integer number of consecutive LRUs beginning with LRU 0.  [The BS shall indicate the size of the USCCH, in terms of LRUs, using the USCCH Size field of the BCH.]
4.1.1.3.1. Non-User Specific Control Segment

[The non-user specific control segment includes information to assist the MS with decoding the rest of the USCCH.  The size, modulation, and coding of the non-user specific control segment are fixed.]
4.1.1.3.2. DL ACKCH Segment

The DL ACKCH uses CDM based on an [N] point DFT as illustrated in Figure 2.  The DL ACKCH index is implicitly associated with the smallest LRU index from the set of assigned LRUs in the corresponding UL subframe.  If a DL ACKCH provides acknowledgement information for more than one UL subframe, then the implicit relationship is offset by NPRU for the second UL subframe.
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Figure 2 – ACKCH Mapping

The corresponding relationship between UL traffic and the DL ACKCH is provided in Figure 3 for each TDD Configuration and for each value of USCCH Period where like letters represent corresponding subframes.
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Figure 3 – Subframe Correspondence for DL ACKCH

4.1.1.3.3. DL PCCH Segment

4.1.1.3.4. Resource Allocation Segment
In the resource allocation segment, each LRU is divided into 2 USCCH Basic Elements (UBE) as illustrated in Figure 4.
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Figure 4 – UBE Structure
4.1.1.3.4.1. Resource Allocation IE Transmission Format
Within the resource allocation segment, the BS shall transmit resource allocation IEs to make resource assignments to one or more mobile stations.  The resource assignments can be either unicast assignments or broadcast assignments.  The resource allocation IE is either [A] + TERAB or [B] + TERAB bits in length.  The BS shall use one UBE for transmitting resource allocation IEs with length [A] + TERAB and two UBEs for transmitting resource allocation IEs with length [B] + TERAB.  The BS shall append a 16-bit CRC to the resource allocation IE, masked by the station identifier, prior to encoding.  The resource allocation IE shall use convolutional encoding and QPSK modulation as depicted in Figure 5.
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Figure 5 – Resource Allocation IE Transmission Format
4.1.1.3.4.2. Resource Allocation IEs
Each resource allocation IE is identified by a 4-bit type field as indicated in Table 4.

Table 4 – Type Assignment for Resource Allocation Segment
	Type
(hexadecimal)
	Usage

	0x0
	DL Basic Resource Allocation IE 

	0x1
	UL Basic Resource Allocation IE

	0x2-0xF
	Reserved


The DL Basic Resource Allocation IE and UL Basic Resource Allocation IE are provided in Table 5 and Table 6, respectively.
Table 5 – DL Basic Resource Allocation IE
	Syntax
	Size (bit)
	Notes

	Type
	4
	0x0

	ACID
	4
	HARQ Channel Identifier

	Channel ID
	Variable
	Index to Channel Tree

If USCCH Period field of BCH is set to 0:

7 bits – 5 MHz

8 bits – 10 MHz
9 bits – 20 MHz
If USCCH Period field of BCH is set to 1:

8 bits – 5 MHz

9 bits – 10 MHz
10 bits – 20 MHz



	Layer
	2
	Layer index

0b00 – Layer 0

0b01 – Layer 1

0b10 – Layer 2

0b11 – Layer 3

	MCS
	5
	Modulation and coding scheme

	SPID
	2
	-

	AI-SN
	1
	-

	Virtual
	1
	0b0=Real Assignment
0b1=Virtual Assignment (requires remapping bitmap)

	Persistent Flag
	1
	0b0=non-persistent
0b1=persistent

	Padding
	Variable
	Padding to [A] + TERAB or [B] TERAB bits; shall be set to 0


Type – The Type field shall be set to 0x0 for the DL Basic Resource Allocation IE.
ACID – If the persistent flag is set to 0b0, the ACID field shall be set to the HARQ Channel Identifier.  If the persistent flag is set to 0b1, the ACID field shall be set to the initial ACID.  In this case, the value of the ACID field (N0) is used to specify an implicit cycling of HARQ channel identifiers as follows. N0 is used as the HARQ channel identifier corresponding to the first occurrence of the persistent allocation. For each next allocation, this value is incremented modulo (N_ACID), where N_ACID is configured through higher layer signaling and has a default value of 2.
As illustrated in Figure 6 , if the ACID field is set to 0b0000, the HARQ channel identifiers follows the pattern 0, 1, 0, 1, etc 
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Figure 6 – ACID Cycling for Persistent Allocations

Channel ID – The Channel ID field shall be set to a channel tree index as described in 15.3.7.3.4.3.
Layer – The Layer field shall be set to the corresponding layer.  Each layer is a separate modulation and coding path.
MCS – The MCS field shall be set to the index of the corresponding modulation and coding scheme.
Virtual – The Virtual field shall be set to 0b1 if a remapping bitmap is required to transform the assigned Channel ID (virtual Channel ID) to a real Channel ID and 0b0 otherwise.

Persistent Flag - The Persistent Flag field shall be set to 0b1 if the assignment is persistent and shall be set to 0b0 if the assignment is non-persistent.
Padding – Padding bits shall be added so that the total IE size is either [A] + TERAB or [B] + TERAB bits.  If present, the padding bits may be used by the MS as error detection bits.
Table 6 – UL Basic Resource Allocation IE
	Syntax
	Size (bit)
	Notes

	Type
	4
	0x1

	Channel ID
	9
	Index to Channel Tree

If USCCH Period field of BCH is set to 0:

7 bits – 5 MHz

8 bits – 10 MHz
9 bits – 20 MHz

If USCCH Period field of BCH is set to 1:

8 bits – 5 MHz

9 bits – 10 MHz
10 bits – 20 MHz



	Layer
	2
	Layer index

0b00 – Layer 0

0b01 – Layer 1

0b10 – Layer 2

0b11 – Layer 3

	MCS
	5
	Modulation and coding scheme

	Long TTI
	1
	0b0=normal TTI (1 subframe allocation)

0b1=long TTI (>1 subframe allocation)

	UL Power Control
	5
	

	Virtual
	1
	0b0=Real Assignment

0b1=Virtual Assignment (requires remapping bitmap)

	Persistent Flag
	1
	0b0=non-persistent

0b1=persistent

	Padding
	Variable
	Padding to [A] + TERAB or [B] TERAB bits; shall be set to 0


Type – The Type field shall be set to 0x1 for the UL Basic Resource Allocation IE.

Channel ID – The Channel ID field shall be set to a channel tree index as described in 15.3.7.3.4.3.
Layer – The Layer field shall be set to the corresponding layer.  Each layer is a separate modulation and coding path.
MCS – The MCS field shall be set to the index of the corresponding modulation and coding scheme.
Long TTI – The Long TTI field shall be set to 0b0 if the duration of the allocation is one subframe and shall be set to 0b1 if the duration of the allocation is greater than one subframe.

UL Power Control – 

Virtual – The Virtual field shall be set to 0b1 if a remapping bitmap is required to transform the assigned Channel ID (virtual Channel ID) to a real Channel ID and 0b0 otherwise.

Persistent Flag - The Persistent Flag field shall be set to 0b1 if the assignment is persistent and shall be set to 0b0 if the assignment is non-persistent.
Padding – Padding bits shall be added so that the total IE size is either [A] + TERAB or [B] + TERAB bits.  If present, the padding bits may be used by the MS as error detection bits.
4.1.1.3.4.3. Resource Indexing

Resources are indexed using an annular channel tree as depicted in Figure 7.  Each node of the channel tree represents one or more LRUs with the nodes on the outermost ring of the channel tree, the base nodes, representing exactly one LRU.  If NPRU is not a power of 2, then there are BNNULL null base nodes on the channel tree which do not map to LRUs, where BNNULL is defined as
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Figure 7 – Annular Channel Tree
If the USCCH Period field of the BCH is set to 0b1 or if the TDD Configuration field of the BCH is set to 0b00, then the channel tree indexes resources in more than one subframe for both DL and UL (USCCH Period field =0b1) or only UL (TDD Configuration field = 0b00).  Figure 8 illustrates the correspondence between the resource allocation IE and the traffic for each TDD Configuration and for each value of USCCH Period where like letters represent corresponding subframes.  
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Figure 8 – Resource Allocation IE Correspondence
For the cases when a resource allocation IE has more than one corresponding subframe (DL or UL), the resources are numbered in time first order as illustrated in Figure 9.
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 Figure 9 – Resource Numbering
4.1.1.3.4.4. Group Resource Allocation

The Group Resource Allocation IE is used to transform assignments with the Virtual field of the resource allocation IE set to 0b1 into real assignments.  The Group Resource Allocation IE is a multi-cast IE.
Table 7 – Group Resource Allocation IE
	Syntax
	Size (bit)
	Notes

	Resource Availability Bitmap
	Variable
	Size = NPRU

	Virtual Resource Bitmap
	Variable
	Size = NPRU


Resource Availability Bitmap – Each bit of the Resource Availability Bitmap corresponds to one LRU with the most significant bit corresponding to LRU 0.  The BS shall set a bit to 0b1 to indicate that the corresponding resource is unavailable and 0b0 otherwise.
Virtual Resource Bitmap – Each bit of the Virtual Resource Bitmap corresponds to a virtual LRU with the most significant bit corresponding to virtual LRU 0.  The BS shall set a bit to 0b1 to indicate that the corresponding virtual LRU is being remapped to a real LRU and 0b0 otherwise.
If an MS receives a resource allocation with the virtual field set to 0b1, the MS shall process the group resource allocation IE to determine its assigned LRUs as follows:

1. The MS shall determine its assigned virtual LRUs using the Channel ID field of the resource allocation IE.  The mapping of the Channel ID field to virtual LRUs follows the same procedure as the mapping of the Channel ID field to LRUs. 
2. The MS shall decode the group resource allocation IE and extract the Resource Availability Bitmap and the Virtual Resource Bitmap.

3. For each assigned virtual LRU, if the bit corresponding to the assigned virtual LRU in the Virtual Resource Bitmap is set to 0b1, the MS shall determine its assigned LRU using the rule that the Nth 0b1 in the Virtual Resource Bitmap corresponds to the Nth 0b0 in the Resource Availability Bitmap.

4.1.1.4. Multicast Service Control Channel
-------------------------------  Text End  ---------------------------------------------------[image: image11.png]
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