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Problem Statement

Legacy 802.16 OFDMA frames require a significant amount of overhead in
order to dynamically schedule or allocate downlink (DL) and uplink (UL)
bursts to system users.

Majority of the overhead 1s due to sequences of Information Elements (IEs)
within a frames's DL/UL MAPs. IEs are required to carry DL/UL burst
information such as burst location, size, coding, and modulation. One IE i1s
typically required for each burst within a DL/UL subframe.

Four fundamental IE fields are required to specify the location and size of
cach DL/UL burst within a DL/UL subframe:

— Burst locations are specified by an OFDMA Symbol Offset field and an OFDMA
Subchannel/Subcarrier Offset field.

— Burst sizes are specified by a Number of OFDMA Symbols field and a Number
of OFDMA Subchannels/Subcarriers field.

The four fields that specify the location/size of each DL/UL burst can
consume a significant amount of frame overhead. Repetition coding will
further increase the number of overhead bits consumed by these four fields.



Fundamental IE Fields for Burst Location/Sizing
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Proposed Solution

The 802.16m SRD states that an IEEE 802.16m system shall
provide improved techniques for reducing overhead; system
overhead shall be reduced to a minimum without compromising
overall system performance.

This contribution describes a new frame element called a brick
and brick-tessellated frame structures.

Using brick-tessellated frame structures overhead reduction 1s
gained by decreasing the lengths of the four fundamental IE
frame fields needed to specify burst locations/sizes.

Brick-tessellated frame structures will not compromise overall
system performance and can be easily integrated into a
harmonized 802.16m frame/superframe structure.



Conceptual System for Burst Generation

Guard Bands, Preamble, Pilots not shown

Each M-QAM modulator outputs a length Bk modulation symbol vector
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Example Subsystem for DL Subcarrier Scheduler, DL

User 1
=—M-QAM SymbolJp
Vectors

User 2
=M-QAM Symbolp
Vectors

Downlink
Subcarrier
Scheduler

Subcarrier Traffic Queues, and IFFT

(For example, 2 users, and 2 M-QAM vectors as input)

o

Downlink Subcarrier

Traffic Queues

...... s(0,1)

s(0,0)

v

s(1,0)

0—»

1—>

w

v

s(2,0)

2—»

N

s(3,0)

33—

A4

.. s(4,2) s(4,1)

s(4,0)

4—>

()]

»

\ 4

.. 8(5,2) s(5,1)

s(5,0)

.. s(6,2) s(6,1)

5(6,0)

5—»

6—>»

\4

.. s(7,2) s(7,1)

s(7,0)

T—»

IFFT

Time Duration

for
User 1 DL Burst

AL

[ )

x(0,0) x(0,1)

x(1,0) x(1,1)

o x(2,0) x(2,1)

» x(3,0) x(3,1)

x(4,0) x(4,1)

x(5,0) x(5,1)

x(6,0) x(6,1)

x(7,0) x(7,1)

L

~

Time Duration
for
User 2 DL Burst



Bursts for Brick-Tessellated Subframes (1)

From table below it can be seen that the length Bk of a modulation symbol vector
output by an M-QAM block above is dependent on the triple:

(T]k,Kk,mk), k = O, ,Np — 1

In legacy 802.16 systems «k, nk and mk are specified so that Bk 1s always a divisor of
two. It 1s assumed that this is also true for 802.16m systems. Note: Any other selected
symbol vector length may be used but length must be a factor of two in order to
optimally implement the proposed method.

Code | Data Block | Encoded Data | Number of Bits Number of M-QAM
Rate Size k;, | Block Size n; my, per Symbols [ per
Ki/M | 1n Bits in Bits M-QAM Symbol | M-QAM Symbol Vector

1/2 320 640 2 320

2/3 640 960 4 240

3/4 960 1280 4 320

5/6 1280 1536 6 256




Bursts for Brick-Tessellated Subframes (2)

For brick-tessellated subframes a burst is a rectangular or square area within the
usable part of subframe comprised of a specified number of OFDMA subcarriers and
a specified number of OFDMA symbols.

Constraining bursts to be rectangles or squares is similar to the approach used by
WINNER and LTE which use rectangular chunks and resource blocks.

A set of n_ rectangular bursts allocated for a subframe may be parametrized by their
heights and their widths:

ﬁH,ka k = O,...,nB — 1
ﬁW,ka k = O,...,I’ZB —1

For brick-tessellated subframes burst heights are in units of OFDMA subcarriers and
burst widths in units of OFDMA symbols.

The area of the kth burst within a subframe's time-frequency plane equals a
modulation symbol vector's length, it is a divisor of 2 and defined as

Bi = Puk X Bwi



Bursts for Brick-Tessellated Subframes (3)

Scheduler can be viewed as an operator that reshapes each length-p, modulation
symbol vector into a B, -by-B,, , burst matrix or rectangle that lies within a
subframe's time- frequency plane.

For example, given a modulation symbol vector of length 240 acceptable pairs for
rectangular burst heights and widths are (12,20), (24,10), (6,40) and (30,8), others are
also acceptable but not listed.

Chosen pair used may be based on channel, interference, network conditions, etc; it is
a task of the Downlink Subcarrier Scheduler to chose the optimal pair.

Within a subframe's time-frequency plane burst allocations for each user may be
contiguous, non-contiguous or pseudo-random. Allocation adapts to time-varying
channel, interference and network conditions



Bricks and Brick-Tessellated Subframes

A brick 1s a rectangular area of a subframe's time-frequency plane that is
treated as single logical unit. A brick 1s constructed from a set of » > 1
contiguous OFDMA subcarriers (brick frequency dimension) and a set of ¢ >
1 contiguous OFDMA symbols (brick time dimension).

Brick dimensions » and ¢ are variable and are dependent on burst
locations/sizes within DL/UL subframes. Burst locations/sizes are dependent
on time-varying channel, interference and network conditions so brick
dimensions adapt to subframe burst allocations.

A brick-tessellated subframe is a rectangular OFDMA subframe that is
tessellated by a number of maximal-sized -by-c bricks that fills the usable
part subframe with no overlaps or gaps. It is a logical partitioning of a
subframe using bricks.

Bursts within a brick-tessellated subframe can be located and sized using
scaled brick-based fields in which a burst's location and size are specified in
units of bricks.

This allows the four frame fields that specify burst locations and sizes to be
reduced 1n length. The reduction can be significant and i1s dependent on brick
dimensions 7 and ¢ that serve as scaling factors, the larger the brick
dimensions the greater the overhead reduction.



Brick Structure
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N
|
BRICK STRUCTURE po.go) xpo.q) x(po,g2) - ¥Poger) Contiguous
. . x(@1,90) x@1,q1) x@1,q2) ... x@P1,9c1) Sequence
B(p() 'pr—laqo . QC—I) = . . . . OFBMA
. . : . Subcarriers
x(pr—1,(]o) X(pr—l,fh) x(pr—l,Q2) X(Pr—l,%—l) |

BRICK ELEMENT DEFINITION | Nrerr-1
_ 27p on/N,
X(asqs) = > s(n,qp)ewenNer

NI\ —
a=0,1,....r—1
b=0,1,....c—1

BRICK ELEMENT FREQUENCY INDICES
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q0,91,---,q9c1 15 a contiguous sequence of c OFDMA symbol indices suchthat 0 < gy < g1 < g3 < - < g



Example

OFDMA Subcarrier Number

1 of a Brick-Tessellated DL Subframe

OFDMA Downlink (DL) Subframe

A

v

0 B(0:1,0:5) B(0:1,6:11) B(0:1,12:17) B(0:1,18:23) B(0:1,24:29)
1 Burst 0 Burst 0 Burst 3 Burst 3 Burst 3
2 B(2:3,0:5) B(2:3,6:11) B(2:3,12:17) B(2:3,18:23) B(2:3,24:29)
3 Burst 0 Burst 0 Burst 3 Burst 3 Burst 3
4 B(4:5,0:5) B(4:5,6:11) B(4:5,12:17) B(4:5,18:23) B(4:5,24:29)
5 Burst 0 Burst 0 Burst 3 Burst 3 Burst 3
6 B(6:7,0:5) B(6:7,6:11) B(6:7,12:17) B(6:7,18:23) B(6:7,24:29)
7 Burst 0 Burst 0 Burst 3 Burst 3 Burst 3
8 B(8:9,0:5) B(8:9,6:11) B(8:9,12:17) B(8:9,18:23) B(8:9,24:29)
9 Burst 0 Burst 0 Burst 3 Burst 3 Burst 3
10 B(10:11,0:5) B(10:11,6:11) § B(10:11,12:17) | B(10:11,18:23) | B(10:11,24:29)
1 Burst 0 Burst 0 Burst 3 Burst 3 Burst 3
12 B(12:13,0:5) B(12:13,6:11) § B(12:13,12:17) | B(12:13,18:23) | B(12:13,24:29)
13 Burst 0 Burst 0 Burst 3 Burst 3 Burst 3
14 B(14:15,0:5) B(14:15,6:11) | B(14:15,12:17) | B(14:15,18:23) | B(14:15,24:29)
15 Burst 1 Burst 1 Burst 1 Burst 4 Burst 4
16 B(16:17,0:5) B(16:17,6:11) | B(16:17,12:17) § B(16:17,18:23) | B(16:17,24:29)
17 Burst 1 Burst 1 Burst 1 Burst 4 Burst 4
18 B(18:19,0:5) B(18:19,6:11) | B(18:19,12:17) § B(18:19,18:23) | B(18:19,24:29)
19 Burst 1 Burst 1 Burst 1 Burst 4 Burst 4
20 B(20:21,0:5) B(20:21,6:11) | B(20:21,12:17) § B(20:21,18:23) | B(20:21,24:29)
21 Burst 1 Burst 1 Burst 1 Burst 4 Burst 4
22 B(22:23,0:5) B(22:23,6:11) | B(22:23,12:17) | B(22:23,18:23) §B(22:23,24:29)
23 Burst 2 Burst 2 Burst 2 Burst 2 Burst 5
24 B(24:25,0:5) B(24:25,6:11) | B(24:25,12:17) | B(24:25,18:23) | B(24:25,24:29)
25 Burst 2 Burst 2 Burst 2 Burst 2 Burst 5
26 B(26:27,0:5) B(26:27,6:11) | B(26:27,12:17) | B(26:27,18:23) | B(26:27,24:29)
27 Burst 2 Burst 2 Burst 2 Burst 2 Burst 5
28 B(28:29,0:5) B(28:29,6:11) | B(28:29,12:17) | B(28:29,18:23) | B(28:29,24:29)
29 Burst 2 Burst 2 Burst 2 Burst 2 Burst 5
30 B(30:31,0:5) B(30:31,6:11) | B(30:31,12:17) | B(30:31,18:23) § B(30:31,24:29)
31 Burst 2 Burst 2 Burst 2 Burst 2 Burst 5
1 1117111111/ 2/2|2|2|2|2|/2|2|2]|2
01 234 7181901 2345067 89012345678 9

OFDMA Symbol Number




Example 2 of a Brick-Tessellated DL Subframe

OFDMA Subcarrier Number

Downlink (DL) Subframe
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Example 3 of a Brick-Tessellated DL Subframe

OFDMA Subcarrier Number

OFDMA Downlink (DL) Subframe

A

\

0 B(0:1,0:5) B(0:1,6:11) B(0:1,12:17) B(0:1,18:23)
1 Burst 0 Burst 16 Burst 32 Burst 48
2 B(2:3,0:5) B(2:3,6:11) B(2:3,12:17) B(2:3,18:23)
3 Burst 1 Burst 17 Burst 33 Burst 49
4 B(4:5,0:5) B(4:5,6:11) B(4:5,12:17) B(4:5,18:23)
5 Burst 2 Burst 18 Burst 34 Burst 50
6 B(6:7,0:5) B(6:7,6:11) B(6:7,12:17) B(6:7,18:23)
7 Burst 3 Burst 19 Burst 35 Burst 51
8 B(8:9,0:5) B(8:9,6:11) B(8:9,12:17) B(8:9,18:23)
9 Burst 4 Burst 20 Burst 36 Burst 52
10 B(10:11,0:5) B(10:11,6:11) | B(10:11,12:17) | B(10:11,18:23)
1 Burst 5 Burst 21 Burst 37 Burst 53
12 B(12:13,0:5) B(12:13,6:11) | B(12:13,12:17) | B(12:13,18:23)
13 Burst 6 Burst 22 Burst 38 Burst 54
14 B(14:15,0:5) B(14:15,6:11) | B(14:15,12:17) | B(14:15,18:23)
15 Burst 7 Burst 23 Burst 39 Burst 55
16 B(16:17,0:5) B(16:17,6:11) | B(16:17,12:17) | B(16:17,18:23)
17 Burst 8 Burst 24 Burst 40 Burst 56
18 B(18:19,0:5) B(18:19,6:11) | B(18:19,12:17) | B(18:19,18:23)
19 Burst 9 Burst 25 Burst 41 Burst 57
20 B(20:21,0:5) B(20:21,6:11) | B(20:21,12:17) | B(20:21,18:23)
21 Burst 10 Burst 26 Burst 42 Burst 58
2 B(22:23,0:5) B(22:23,6:11) | B(22:23,12:17) | B(22:23,18:23)
23 Burst 11 Burst 27 Burst 43 Burst 59
24 B(24:25,0:5) B(24:25,6:11) | B(24:25,12:17) | B(24:25,18:23)
25 Burst 12 Burst 28 Burst 44 Burst 60
26 B(26:27,0:5) B(26:27,6:11) | B(26:27,12:17) | B(26:27,18:23)
27 Burst 13 Burst 29 Burst 45 Burst 61
28 B(28:29,0:5) B(28:29,6:11) | B(28:29,12:17) | B(28:29,18:23)
29 Burst 14 Burst 30 Burst 46 Burst 62
30 B(30:31,0:5) B(30:31,6:11) | B(30:31,12:17) | B(30:31,18:23)
31 Burst 15 Burst 31 Burst 47 Burst 63
10111111 11/1]1 /2222
0 1/2]3 415/6/7/8 951123456 7 89 01 2|3

OFDMA Symbol Number




Computing Maximal-Sized Brick Dimensions

Given burst heights 1n units of OFDMA subcarriers:
ﬁH,ka k = O, ceo s Ip — |

Given burst widths 1n units of OFDMA symbols:

,BW,ka k = O,...,nB -1

For each subframe brick row/column dimensions are computed
using a greatest common divisor algorithm:

r = GCD(Bro,Bris- s Brng1)
C = GCD(ﬁW,OpﬂW,la'“9ﬂW,nB—1)



Brick-scaled Fields for Burst Location/S1zing (1)

* Following equations are scaled versions of the legacy location/size fields:

Burst Time Offset[k] = OFDMA_Symbol_Offset[k]

C

Number of Symbols[k]
c

Bur st Fre quency O ﬁpse f[ k] _ OFDMA_Subchannel Offset[k]

r

BMrSt_BCll’ldM/idl‘h[k] _ Number _of Subchannels|k]

r

Burst Time Durationt[k] =

* Note that compared to legacy fields a reduced number of bits is needed for the binary
representation. Scaling depends on brick dimensions » and c.

* Using brick-scaled fields a burst's location/size may specified in units of bricks.

* As defined brick dimensions r and c are variable and dependent on burst heights and
widths so scaling varies with subframe burst allocations. Brick-scaled fields results in
reduced frame overhead and better supports the dynamic allocation of bursts within a
subframe.



Brick-scaled Fields for Burst Location/S1zing (2)

If brick dimensions 7 and ¢ are known at the transmit and
receive ends of a link, the brick-scaled fields may be transmitted
rather than the non-scaled legacy fields.

Using a GCD algorithm brick dimensions 7 and ¢ may be
computed at the transmit end and then transmitted to a receiver
in subframe header field.

Brick dimensions » and ¢ only need to be computed and
transmitted once per subframe brick tessellation, not per
subframe burst. Hence the increase in additional overhead
required for » and ¢ 1s small.

A receiver can locate its received bursts using the received
brick-scaled fields and knowledge of » and c.



Overhead Reduction for Burst 4 in the Example
Brick-Tessellated DL Subframe

OFDMA_Symbol Offset|k] = 18 (8 bits)

[£]
Number of Symbols[k] = 12 (7 bits)
OFDMA_Subchannel Offset[k] = 14 (6 bits)
Number of Subchannels[k] = 8 (6 bits)

OFDMA_Symbol Offset|k]
C

Number_ofESymbOZS k] = 2 (2 bits)

OFDMA_Subchannel Offset|[k]
r

Number of Subchannels|[k]

r

Burst_Time Offset[k] = = 3 (2 bits)

Burst_Time Durationt[k] =

Burst_Frequency Offset|k] = = 7 (3 bits)

Burst_Bandwidth[k] = = 4 (3 bits)



Table of Overhead Reduction for the Example 1
Brick-Tessellated DL Subframe

Burst Number &
0 1 2 3 4 5
Burst _Time_Offset[k] (0,1) 1(0,1) | (0,1) (2,2) (3,2) (4,3)
Burst Time Duration[k] 2,2) 1(3,2) 4,3) (3,2) (2,2) (1,1)
Burst Frequency Offset[k] 0,1) 1(7,3) (11,4) | (0,1)  (7,3) (11,4)
Burst Bandwidth[k] (7,3) 1(3,2) | (5,3) (7,3) 4,3) (5,3)
Total # of bits using brick-scaled fields 7 8 11 8 10 11
Total # of bits using non-scaled 802.16 fields | 27 |+ 27 | 27 | 27 | 27 | 27
% decrease mn overhead bits 74 70 | 59 70 63 | 59

Overall decrease in overhead bits using brick-scaled fields 1s 66 %




Table of Overhead Reduction for the Example 2
Brick-Tessellated DL Subframe

Burst Number &
0 1 2 3 4 5 6
Burst Time Offset[k] (0,1)  (0,1) (1,1) (1,1) (2,2) | (3,2) | (3,2)
Burst Time Duration[k] (L) (L,L1) (2,2) (1,1) (1,1) | (1,1) ] (1,1)
Burst _Frequency Offset[k] (0,1)  (1,1)  (0,1) (1,1) (1,1)](0,1) ]| (1,1)
Burst Bandwidth[k] (L,1) (1,1) (0,1) (1,1) (1,1) | (1,1)|(1,1)
Total # of bits using brick-scaled fields 4 4 5 4 5 5 5
Total # of bits using non-scaled 802.16 fields | 27 | 27 | 27 | 27 | 27 | 27 27
% decrease in overhead bits 85 | 8 | 81 | 8 | 8 | 82 | &2

Overall decrease in overhead bits using brick-scaled fields is 83 %




Brick-Tessellated OFDMA Superframes

Brick-Tessellated OFDMA Superframe
N
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Key Overhead Fields for Brick-Tessellated
OFDMA Superframes

Variable Size Detail of the Key Fields for the nth
Superframe DL MAP (DL-MAP) in SDL-MAP
DL-MAP =

DL_Subfr Offset
(S D L_MAP) Ng4 bits (numt;er‘z:f ﬁt:iesiknosmfn and fixed)

Number_Subframe_Bursts
Number_Subframes N bits (number of bits is known and fixed)

Nro bits
Neo its ) Brick_Time_Duration length
(number of bits is known and fixed) N3 bits (number of bits is known and fixed) SDL-

Fixed-

S
Brick_Bandwidth MAP
N4 bits (number of bits is known and fixed) Header

DL-MAP 0 Fields

Number_Time_Field_Bits
(S ubframe 0) Nes bits (number of bits is known and fixed)

Number_Freq_Field_Bits
N bits (number of bits is known and fixed)

CID[0]
(SD I;)_fM AP 11) Ng7 bits (number of bits is known and fixed)
ubtrame

Diucyo]
Ngs bits (number of bits is known and fixed)

Burst_Time_Offset[0] Variable-
me bits (variable number of bits) length IE
for

Burst_Time_Duration[0] Burst
Mg, bits (variable number of bits) 0

Burst_Frequency_Offset[0]
Mg bits (variable number of bits)

DL-MAP n / Burst_Bandwidth[0]

Mg bits (variable number of bits)

(Subframe n) -

CID[ng-1]
Ng7 bits (number of bits is known and fixed)

DIUC|[ng-1]
Nes bits (number of bits is known and fixed)

Burst_Time_Offset[ng-1] Variable-
M bits (variable number of bits) length IE
> for

Burst_Time_Duration[ng-1] Burst
Mg, bits (variable number of bits)

ng-1

Burst_Frequency_Offset[ns-1]
DL-MAP ngse-1 e+ bits (variable number of bits)

(Subframe ngg-1)
Burst_Bandwidth[ng-1]
Mg bits (variable number of bits)




Conclusions

The proposed method may be easily integrated with
any harmonized superframe/frame structure.

The proposed method may also be used an alternative
subframe structure when reduced overhead 1s required.

Currently the main purpose and advantage of
tessellating subframes with r-by-c bricks is to reduce
the overhead associated with the four IE fields needed
to specify a burst's location and size.

Bricks may also be used as fundamental frame
elements 1n techniques for scheduling, channel
estimation, brick-based MIMO, logical channels, and
other MAC and PHY layer functions.

These techniques will require further investigation and
subsequent modifications and/or extensions to the
technique described within this contribution.
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3. Delinitions, Symbols. and Abbreviations
3.1 Definitions
For the purpoacs of the S‘,‘stcm Dcscri.ptiun Ducumcnt: the fu]lowing definitions shall nppl}':

3.1.1 Burst: A OFDMA burst is a rectangular or square area within a subframe comprized of a spec-
fed number of OFDMA subcarriers and a specified number of OFDMA symbels. A 2et of ng DL or UL
subframe buratzs may be pnrnmctrizcd by their heights ';‘?H.k- k=10,....n5g—1) and their widths [31[-.&_:
E=0.....,n5 —1) where burst heights 8, are in unite of OFDMA subcarriers and burat widths &, in
units of OFDMA symbels. Bursts contain OFDMA user’s FEC encoded and modulated MAC packet or
protocol deta umits. OFDMA supports adaptive burst profiling meaning coding and modulation may be
changed for each burst within & DL or UL subframe.

3.1.2 Brick: A brick 1z a rectangular aree of & subframe’s time-frequency plane that iz treated a:z single
logical unit. A brick 12 constructed from s set of © = 1 contiguous OFDMA aubearriers (brick frequency
dimension) and & set of ¢ = 1 contiguous OFDMA symbels (brick time dimensien). Brick dimensions r and
¢ are variable and are dependent an burst locations and sizes within DL/UL subframes, burst locations and

EEZC! 'Wi.t]'l.in DL.'L-L subfmmcs ore dCPBndCTLt on ti.:mc-\'n ]'_‘,I.]'I.E cl’mnnc]: l]'lt c:rfc rence cmd nctwn:rl-: cond lt i.O nma.

3.1.3 Brick-Tessellatted Subframe: A tessellation of a two-dimensional plane 1z & collection of plane
structures that fills the plane with no overlaps and no gaps. A brick-tessellated subframe 12 a rectengular
OFDMA subframe that 1z tesaellated by collection of maximal-sized r-hy-¢ bricks that fill: the subframe
with no overlaps or gape. It 1z & logical partitioning of & subframe using bricks. The loeation and size of
a burst within a subframe 1z specified using four fields. Bursts within a brick-tezzellated subtrame can be
]ﬂcutcd Uﬂd Sizcd 1lEing ECﬂ]Cd br;cl‘.{-bﬂscd ﬁﬁ]dﬁ in \\'h‘ld’) o burﬁt“a locﬂtion ﬂnd $;ZC arec Spﬁc.lﬁcd in unitE

of bricks. Thiz allows the four frame felds that specify burst locations and sizes to be reduced n length.
The reduction in frame overhead bits can be significant and 1z dependent on brick dimenziens r and ¢ that
serve aa scaling factors, the larger the brick dimensions the greater the overhead reduction.
3.1.4 Brick-Tessellatted Superframe: A brick-teazellated superframe 13 comprized of a Superframe
Pfﬁﬂml?lc: =1 Supcl{rﬁmc CDntID] chdcr |:SCHJ. o supﬁrfrnmc I}D\\-n]i.n..‘; .\\Iﬂp 'SDL-[‘\‘I.%.PJ a Sllpcrt:lﬂmﬁ
Uplink MAP (SUL-MAP) and brick-tessellated dewnlink and uplink subframes. The superframe structure
allows legaey §02.16 frames to be interlaced or multiplexed with brick-baszed 202.16m framea.
11. Physical Layver
11.1 Legacy OFDMA Subframes

Text for this section to be provided by other harmonized contributions

11.2 OFDMA Subframes

Text for this section to be provided by other harmonized contributions
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11.3 OFDMA Superframes
Text for this section to be provided by other harmonized contributions

11.4 Brick-Tesszellated OFDMA Subframes

OFDHI.‘I\. {rﬂmca chllirc =1 !.lgn'lﬁcurlt amount 0}- O\ICThcﬂd in Grdcf to d}nﬂmlcﬂ]l_\ EC]‘lcdulc ar ﬂ]l&cﬂtﬂ
dewnhnk and uplink burets to system users. The majority of the cverhead 12 due to sequences of Information
Elementz (IEz) within a frames's DL/UL MAP:. The 1E: are required to carry downlink (DL)] and uplink
(UL) burst information such oz burst locationz ond sizes. burst FEC coding, and burst modulation. One
IE 12 required for each burat allocated or acheduled for subsequent DL and UL subframea.

Four IE fields are required to specify the location and aize of each DL/UL burst within a subtrame’s
time-frequency plane. Burst locations are specified by an OFDMA Symbel Offzet field and an OFDMA
Subchannel/Subcarrier Offcet field, burat zize: are specified by & Number of OFDMA Symbal: field and
& Number of OFDMA Subchannels /Subearriers field. Theze four fields can consume a significant amount
Df frﬂml: Di"crhﬁﬂd {CIT & aset l}f Schﬁdulﬁd DL:‘I.[_:L buTStS. chctition Coding Df t]'ltﬂc FOUT ﬁﬁldﬁ “.';1] FufthﬁT
mncrease the number of overhead bits consumed by these four fields.

In additien te the OFDMA subframe structures defined in Sections 11.1 and 11.2 the IEEE 502.16m
system will provide a alternative brick-tessellated subframe structure that may be used to reduce frame
D\'CThCﬁd.

A brick 12 & rectangular area of a subframe’s time-frequency plane that 12 treated az aingle logical unit.
Bricks are constructed from a zet of 7 contiguous OFDMA subearriers [brick frequency dimension) and
& set of ¢ contiguous OFDMA aymbols (brick time dimension). Mathematically & brick 12 defined a2 an
r-by-c matrix B pg : 9r—1. G0 : §e—1 ) where integers 7 2nd ¢ dencte brick row and column dimenzions. Brick
matrix elements 2(p,. g, ) are produced by length-Nrzr IFFT aperations on M-0QAM medulation symbal
vectora. Integera po (e =0,....r—1) and g (8 =0,....,c— 1) denote OFDMA subcarriers and OFDMA

symbol numbers, they are contigucus and ordered ac follows:

] Po<pr=Pr<or <P = Nerp—1

b = go<q1<ga< < gou

1%

A tessellation of & two-dimensional plane 13 o collection of plane structures that fills the plane with ne
overlaps and no paps. A brick teczellation of & rectangular OFDMA subframe 13 defined a: a collection of
maximal-sized r-by-c bricks that fills the subframe with no overlaps or gaps. It 12 & logical partitioning
of & subframe using bricks. Figure 9 illustrates o simple brick-teszellated DL subframe. Given a set of
burst heights (85 ,. k= 0.....n5 — 1) n units of OFDMA subcarriers and a set of burst widths (&,

Ff = D: - _ﬂB - 1] il’] units Df OPDh.‘I‘{ s:,'m]:mls. brick Fow ﬂ]'ld co]umn dimcnai&ns LlSCd fﬂ]’ a subt:rumc

]}]’i{:l{ ttEEBl]ﬂ‘tlll}n are dbﬁ]‘ltd Bz

r = GCD{8xp.Baa.---. Bmn
GCD (- Burae--- -

[

where GCD denctes a greatest commen divizor algorithm.

Bursts within a brick-tessellated subframes can be lacated and sized using scaled brick-based fields in
which a burst’s location and size are specified in units of bricks, This allews the four fields that specitfy
burst locations and sizes to be reduced in length. The reduction in overhead bits can be significant and 1=

dependent on brick dimenzions r and £ that serve az scaling factors, the larger the brick dimenzions the



OFDMA Downlink (DL} Subframe

L B{D:1,0:5) Bil:1.6:11) B(0:1,12:17) Bi0:1.16:23) B{0:1,24:28)
Burst 0 Surst 0 Burst 3 Burst 3 Burst 3
B{2:3,0:5) Bi{2:3.6:11) B{2:3,12:17) Bi2:3.16:23) B{Z:3,24:20)
Burst SBurst 0 Burst 3 Burst 3 Burst 3
B{4:5,0:5) Bi4:5.6:11) B(4:5,12:17) Bi4:5.16:23) Bi4:5,24-28)
Burst 0 Surst 0 Burst 3 Burst 3 Burst 3
B{E:7.0:5) Bi6:7.5:11) B{E:7.12:17) Bi5:7.16:23) B{E:7.24:20)
Burst 0 Surst 0 Burst 3 Burst 3 Burst 3
B{E:9.0:5) Bi8:9.6:11) B(8:3,12:17) B{3:5.18:23) B{5:9,24-20)
Burst 0 SBurst 0 Burst 3 Burst 3 Burst 3
= B{10:11,0:5) B{10:11,6:11) | B{10:11,12:17) | B{10:11,18:23) | B(10:11,24:29)
E 11 Burst 0 Burst 0 Burst 3 Burst 3 Burst 3
E 2 Bi12:1%,0:5) B{12:13,6:11) | B(12:13.12:17) | B{12:13,18:23) | B(12:13,24:29)
Z | = Burst 0 Sursi D Burst 3 Burst 3 Burst 3
E - Bi14:15.0:5) B{14:15,6:11) | B{14:15.12:17) J B(14:15,18:23) | B{14:15,24;
S| o= Burst 1 Burst 1 Burst 1 Burst £ Burst 4
R B{16:17,0:5) B{16:17,6:11] | B{16:17.12:17) f B{15:17,18:23) | B{16:17,24:29)
Al = Burst 1 Burst 1 Burst 1 Burst £ Burst 4
é = B{1E:18,0:5) B(18:19,6:11) | B{18:19.12:17) f B(18:19,18:23) | B{18:19,24:29)
=5 = Burst 1 Burst 1 Burst 1 Burst £ Burst 4
h B B{20:21,0:5) B(20:21,6:11] | B{20:21,12:17)  B(20:21,18:23) | Bj{20:21,24:29)
; Burst 1 Burst 1 Burst 1 Burst £ Burst 4
B{22:23.0:5) B(22:23,6:11) | B{22:23.12:17) | B(22:23,15:23) |B(22:23 24:29)
Burst 2 Surst 2 Burst 2 Burst 2 Burst S
B{24:25,0:5) B(24:25,6:11) | B{24:25.12:17) | B(24:25,18:23) |B(24:25 24:29)
Burst 2 Burst 2 Burst 2 Burst 2 Burst &
B{26:27.0:5) B(26:27,6:11) | B{26:27.12:17) | B(26:27,18:23) |B(26:27,24:29)
Burst 2 Surst 2 Burst 2 Burst 2 Burst S
B{26:29,0:5) B(28:29,6:11) | B{28:29.12:17) | B(28:29,18:23) |B(28:29,24:29)
Burst 2 Burst 2 Burst 2 Burst 2 Burst S
B{30:31,0:5) B(30:31,6:11) | B{30:31.12:17) | B(30:31,18:23) | B(30:31,24:29)
H Burst 2 Burst 2 Burst 2 Burst 2 Burst §
ol |l lole el o] el 2l s e e 2 e o 2 e e e 2 2 2

1 ]
OFDM& Symizxol Numiber

k teasellation of a OFDMA DL subframe with brick dimens 2 and ¢ = 6. Note

that each subframe burst iz tessellatted with an integer number of r-hy-c be

Figure 9: Example bri

5. Hence to reduce frame overhead the
loeation and size of each burai may be specified in units of bricks rather then OFDMA subcarriers/subchannels and

OFDMA symbols. Each burst has a unigue OFDMA uzer address. To adapt to channel conditions burst allocations

for each uszer may be contigucus, non-coniigucus or peeude-random. A schedular determines the optimal subframe

burszt allocation and addressing for each subframe.



greater the overhead reduction. Further, burst locations and sizes within DL and UL subframes are depen-
dent on time-varying channel, interference and network conditions. Using brick-teszellated subframes the
zcaled brick-bazed fields can be varied in their lengths for each tranamitted subframe. This results reduced

frame overhead and better supports the dynamic allocation of burats within a subframe.

11.5 Brick-Tessellated OFDMA Superframes

In addition to the OFDMA supbrfrnml: atructure defined in Section 11.3 the [EEE 302 .16m ayastem
provides a alternative brick-tessellated superframe structure that may be used to reduce frame overhead
without compremizing overall syatem performance. Figure 10 shows an brick-based 802.16m superframe
structure that may be uvsed for an 802 18m system that operates in a Time Divizion Dup]cxing -::'I'DD,'I
mode. The superframe 12 comprizced of a Superframe Preamble, a Superframe Control Header (SCH),
z Superframe Downlink Map (SDL-MAP). & Superframe Uplink MAP (SUL-MAP) and brick-teaellatted
dewnlink and uplink subframes. The superframe structure allows legacy 802,16 frames o be interlaced
or multip]c:\-:cd with brick-tessellated 802 16m frames. Figures 0 shows an cxnmpl: of brick-tezzellated DL
subframe that may comprize the 802.16m DL subframes shown in Figure 7. As shown in Figure 0, the
superframe structure alzo allows non-bricked 302.16m frames to nserted inte the superframe.

Brick-Tessellated OFDMA Superframe
M,

( )

Eugadarre Piaa=iis

. And Corrvol Bursis Fraiim 1 Duta Burss Feama 2 Dhats Busits Fria=a 5 Dl Buists
r .

& I Brice=s | Brickea | Legacy | Legacy Non- Men-
1 & 802.16m | 802.16m | E0Z.18 0z 18 Bricked Bricked
2 Lo DL Sub- | UL Sun- | DL Sub- | UL Sub- | £02.16m | 302.16m

& B | frame frame frame frame DL Swb- | UL Sub-
1

—_ G frame frame
4 Size
s EDL-MAF

CL-MAP 0 |

DL-M&P

DL-MAP 2

o)
Al mivier Bureler

Warlable
Size
BUL-MAF

Supeiframe Preambkle

UL-MEP

[T — =

UL-MEP 2

Supertrame Time Duratio

Figure 10: Example brick-based superframe structure for TDD modes of operation. The superframe contsing a
Superframe Preamble, a Superframe Control Header (SCH), a Superframe Downlink Map (SDL-MAP), a Superframe
Uplink MAP (SUL-MAP) and brick-tessellated downlink and uplink subframes that suppert OFDMA uzer data. For
simplicity iransmit and receive time gaps are not shown. Figure § shows example of brick-based DL subframes that
may cemprize the superframe. Information Elements within the SDL-MAP and the SUL-MAP provide the necessary
control data needed for superframe configuration and change:s. Information Elements within the SDL-MAP and the
SUL-MAP also specify the brick teszellations to be used for each DL and UL subframe.



