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(57) ABSTRACT

The present invention 1s a novel method and apparatus for
eificiently transporting and synchronizing data between the
Media Access Control (IMAC) and physical communication
protocol layers in a wireless communication system. An
inventive method and apparatus for transporting and synchro-
nizing to fixed-length ATM cell boundaries and for protecting
against the potential misinsertion of ATM cells has been
described. An mventive ATM packet format 1s described. The
ATM packet format 1s used by the present mvention for the
transportation and synchronization of ATM cells. The ATM
packets include fields that are used to detect errors occurring,
within each ATM cell. ATM cells are transported 1n exactly
two TC/PHY packets, or TDUs. ATM header information 1s
contained 1n the first TDU only. No ATM header information
1s carried by the second TDU. An entire ATM cell 1s discarded
il an uncorrectable error 1s detected 1n the first TDU. If no
uncorrectable error occurs 1n the first TDU, the second TDU
1s checked for errors. If an undetectable error exists in the
second TDU, no discard action i1s taken. The error 1s noted,
and both TDUSs are passed through to the higher MAC com-
munication layers. The inventive method protects against
errors occurring in the ATM header because the ATM header
1s always carried 1n the first TDU. Consequently, misinsertion
of ATM cells 1s also prevented.

65 Claims, 17 Drawing Sheets

(=N

’

1402

l-| Obtmin Frst TOU

Discard Entire ATM

1410 Cull by Divomrding
Soth St and second '




US RE42,788 E

Page 2
U.S. PATENT DOCUMENTS 6,370,112 Bl 4/2002 Voelker
. .

5,130,893 A 7/1992 Heffner, III 6,452,927 Bl N /2002 Rich oo, 370/395.1

6,469,991 Bl 10/2002 Chuah .........ooovvvvvvian, 370/329
5,130,983 A 7/1992 Heftner, IIT .................. 370/85.8 1 %

. 6,683,866 Bl 1/2004 Stanwood etal. ............ 370/350
5,402,422 A * 3/1995 Liuetal. ...o.ccoovvvninnnin 370/443 -
. 6,925,068 Bl 8/2005 Stanwood et al.

5,404,374 A 4/1995 Mullins et al. !

6,940,823 Bl 9/2005 Parketal. ........ccoeononl. 370/252
5,444,702 A *  8/1995 Burnettetal. ... 370/254 7,583,623 B2* 9/2009 Zimmerman etal. ..... 370/310.1
5,457,687 A * 10/1995 Newman ...........c.c........ 370/232 ’ ’
5,638,371 A * 6/1997 Raychaudhur etal. ... 370/310.2 FORFEIGN PATENT DOCUMENTS
5,666,358 A * 9/1997 Paratoreetal. ............... 370/347
5,684,791 A * 11/1997 Raychaudhuri etal. ... 370/310.2 ~ WO 9310568 A 3/1998
5,745,837 A * 4/1998 Fuhrmann ..................... 725/114
5751708 A * 5/1998 Engetal. ........... 370/395.42 OLIHER PUBLICALTIONS
5,774,461 A * 6/1998 Hydenetal. ............... 370/310.2 - .
5.844.906 A * 12/1998 Khelghatti etal. .......... 370/474 International Search Report for PCT Application PCT/US00/29687
5859.848 A * 1/1999 Miuraetal. ... 370/395.31 dated Mar. 28, 2001.
5,892,763 A * 4/1999 Laraquietal. ........... 370/395.53 International Preliminary Examination Report for PCT Application
5926478 A * 7/1999 GGhaibeh etal. .......... 370/395.51 PCT/US00/29687 dated Dec. 18, 2001.
2’3’;‘8’35 i ) ug)f ggg éllaﬂhettal* ****************** 57307/2/1309; Office Action for U.S. Appl. No. 09/430,379 mailed Jan. 15, 2003.

970, auchot ..................... . : :

6016311 A * 1/2000 Gilbertetal .. 370/780 1;;)5:1306 of Allowance for U.S. Appl. No. 09/430,379 mailed Jul. 28,
6,064,649 A * 5/2000 Johnston .................... 370/310.2 i - _
6147080 A * 11/2000 Fsakietal . 370/355 Notice of Allowability for U.S. Appl. No. 09/696,934 mailed Feb. 6,
6,188,680 B1* 2/2001 Ohkt .....ooovvviviiinin, 370/338 2004.
6,180,041 B1* 2/2001 Coxetal. ...................... 709/238 U.S. Appl. No. 09/316,518, Stanwood et al., filed May 21, 1999.
6,201,811 B1* 3/2001 Larssonetal. ............. 370/310.1 _ _
6,339,585 B1* 1/2002 Hulyalkaretal. ............ 370/226 * cited by examiner




US RE42,788

112

Sheet 1 of 17

Oct. 4, 2011

112

U.S. Patent

t
3
3
&
i o
1
o

o (B - .+,......
A [i sy (B8

ml e e e w wmm

100

FIGURE 1




U.S. Patent Oct. 4, 2011 Sheet 2 of 17 US RE42.788 E

800 PS =1 mSec
e — e —————————

Downlink Subframe N Uplink Subframe

LR LR R LA TR

:
PS 0

i

2

204 204’

2(22K)-1

1

l‘.l [ J -"l 3 | ] "-'l.l‘:'ﬁ‘j-‘
- aw - - L E L
l"'-l,:,l:p‘-l"l: ‘W oy a
Y T, " L] " L] - -I. .-I- -I. .I‘ -l- I“-“. 'l.
. :.._I" d l._l-:_l'l.‘l.l I."l.l-.l 4 W - . "1_ * - : ::.
2 {22K—2 1 )— .1 :':-':_u ; e L 4 ¥ E-.. :-;:...
annet bt enninn e

m W ‘ .

Multiirame 22K-21— Multiframe 22K ——

r—————— e SEESEEmsme
Hyperframe K

208

.

200

208’

FIGURE 2



U.S. Patent

302

Frame
Control

Header
(QAM-4)

Preamble

302

310

Oct. 4, 2011

304

Data
(QAM-4)

PHY
Control

312

306

Sheet 30f17

Modulation

Transition
Gap

Data
(QAM-16}

T

304

MAC
Control

314

300

306’

Data
(QAM-64)

US RE42,788

Tx/RX
Transition
Gap

304" 308

FIGURE 3



U.S. Patent Oct. 4, 2011 Sheet 4 of 17
AQS
402 404 408 Gap
| Registration E,i‘e‘:‘d:”;d;th PE 1
Contention C Q ) Scheduled
ontention
Slots Slots Data
(QAM-4) (OANLA) (QAM-CPE 1)

Access Burst

CPE
Trensition

Access Burst

Collision

.

400

US RE42,788

Tx/Rx

405’ Transition

[ N

Gap \

CPE N
Scheduled
Data

(QAM-CPE N)

406"

FIGURE 4



U.S. Patent Oct. 4, 2011 Sheet 5 of 17 US RE42.788 E

TDM Packet
SAP SAP

Convergence Higher Layer
—» Control Message
Subprocesses (HLCM)
CS
Control Continuing DAMA
SAP Grant SAP SAP
502
. High Level Media Access Arbitration (HL-MAA)
MAC —
Low Level Media Access Arbitration (LL-MAA)
504
206 Transmission Convergence (TC)
508

Physical Layer (PHY)

Layered Data Transport Architecture

FIGURE 5



U.S. Patent Oct. 4, 2011 Sheet 6 of 17 US RE42.788 E

l 1 byte (8 bits) \

604 606 608 610

CID 15:12
612
CID 114
i 614
CiD 3.0 Frag PLP 16
reserved Len 10:8
— 620
Len 7:0
620

622 Payload - Len Bytes

600a

FIGURE ba



U.S. Patent Oct. 4, 2011 Sheet 7 of 17 US RE42.788 E

l 1 byte (8 bits) '

604 606 608 610

0000 CID 15:12
612 CID 11:4

] 615
o1z CID 3:0 BRF
516

Payload - Fixed Length
623

K 600b

FIGURE 6b



U.S. Patent Oct. 4, 2011 Sheet 8 of 17 US RE42.788 E

—— — - e e e e Eaare - ————— h..
tq 1 byte (8 bits)

T ] m
l
620

660

622 Payload - Len Bytes

600c

FIGURE 6¢



U.S. Patent Oct. 4, 2011 Sheet 9 of 17 US RE42.788 E

i‘ 1 byte (8 bits) k

610
0000 CID 15:12
670

CiD 11:4

ﬂ
I_
v

Payload - Fixed Length
623

\ 600d
FIGURE 6d



U.S. Patent Oct. 4, 2011 Sheet 10 of 17 US RE42.788 E

700

702 V/

Payload - 208 bits (26 bytes) CRC-12
H 712 710
P

704 706 708

TC/PHY Packet Format

FIGURE 7



U.S. Patent Oct. 4, 2011 Sheet 11 of 17 US RE42.788 E

Payload Payload H Payload | *®** MAC Messages

Mapping not 1 to
1

712 ' :
C .
T - 228 bit
700 1 to 1 Mapping
300 bit
®

1102, 1t0 3, or 1 to &6 Mapping - Modulation Dependant

see ! o0 e l . 25 Symboil
PSs
802

Mapping of Variable Length Packets to PHY

FIGURE 8



U.S. Patent Oct. 4, 2011 Sheet 12 of 17 US RE42.788 E

Viodulation Transition Tx/Rx Transition
GGaps Gap

Control Data

(QAM-16)

PSs (25 symbols 2ach) 300

o By B
-c*ég S
3 1 [
% a; o S e
q 15 [A
Sl

' ' Kk Pls {300 bits each)

r : ..- X w1
' | - " - L I - ] .t"- - rl III'.'| :lll-rI
[ 3 = l.-n.'_ i" r 'I‘h- l‘ -I'.l -"- -' i: l.- |'|
A - X - - W " aaay T ‘o w n'n e
') "H. o - T Ny 1 "F"lnl Lol '
: F:g . N LN Ly - I:I. a1 . “m

v . “ 4 s 41 i

: .-": ‘:‘ | - 'I'JI. I-'l.::'. -:h

] ] Y .~ e : -

== L
[ | L | L
| o " . » . -
r - [
] ' (] 1 a . -
[ | r [ 4 [ ] - - -
[ [} [ | [ ] * Wy . q . &
[ | - | F L 1 | 5
L ] L | ] L |
L » - . 1
Ny [
i [ r
B

' kTDUs 223 bits, payload = 208 I::Ils]

-- | MAC Messages (variable length)

Pad to integer TDU

Downlink Mapping of MAC Messages to PHY Elements

FIGURE 9




U.S. Patent Oct. 4, 2011 Sheet 13 of 17 US RE42.788 E

CPE Transition Rx/Tx Transilion
Gaps Gap

408

CPE3
Scheduied
Dala

(QAM-MS)

: CPE 1
Lontention M o v 4 led Scheduled

Slots
Data Pata
(QAM-4) @amr) [l (QAM-M2)

2 PS5
n PSs (25 symbols each)

.1 F E ; - - -
-5 'l.. r n " -
" :-,:I s ".l"'u. ; o W
* " -
l.l- ﬁ 'h'. 'lp .'-l 'I-
"«. e "* [
- 1 L '- L N |
L “ | ] ._ h .h L]
Lo ﬂq A =:- e
— " = y
% o e 1
.-l.'l_.u -|| ' ‘-q n ! '-I 1—-'.
L 'y . =t My
- -q. i -._.:I.I-J Lo ..n‘ o ‘. I-
5 E;*-: i kSl B
y a
[ |
. - -

: o : =
I d kS o > ot e <% T L
L L | L | -

: ¥ B o T S O - el

] o Ay =r. |: -: '-.":" L il .h.-.‘r‘ d =

.E 3 - . LR " o W W] taley By '.;:'ﬁ

] = o “2'a T N a'n M1

2 o < v e v A Wy Epdk e I
[ ] Te K [ r i = r _.-

LW F | L .-
| [
F r L | L |
[ ] &
4 I [ L |
g - [ ' | L)
¥ L] ]
[ | k
L ] i
- [ | |
[ % [
- - )
o -
-_ [ ] ]
| ]
L |

kTDUs (223 blts payload = 208 blts) , "

-. | MAC Messages (variable length)

o0& Message |

CPE2

400

Meesage 1 Msag 3

Pad to integer TDU

Uplink Mapping of MAC Messages io PHY Elements

FIGURE 10



U.S. Patent

Oct. 4, 2011

Sheet 14 of 17

Obtain MAC
Packet

150

HAC packet longer
than available bits
in TG/PHY

payload?

152

No

'

Map MAC packe!

Yas

Fragment MAC
packet and map

first fragment into
TC/PHY packet

154

No

US RE42,788

Map remaining
fragments into naxt
successive TC/

PHY packets

156

b{ Go 10 Step 150\,

to TG/PHY packet
160
Available bits
remaining in the —_
TC/IPHY packet?
162

Yes

Change in
modulation on the
downlink?

166

Change of CPE on
the uplink?

170

No

v

Map the next MAC -
packet, if one
exist, within the

current TC/PHY
packet

174

Yes

]

Map first MAC packet of

the new modutation in a
new TC/PHY packet

following a MTG

Map first MAC packet
from the next CPE in a |
w TC/PHY packet

Yes
ne
l following 8 CTG

164

168

\\

172

FIGURE 11



U.S. Patent Oct. 4, 2011 Sheet 15 of 17 US RE42.788 E

e |

. N 1202

1202

1202 Jxtomt
1204 1206 1204 1206

1204 1206 1208 1410

FIGURE 12



US RE42,788

Sheet 16 of 17

1312

Oct. 4, 2011

1310

U.S. Patent

712"

702

. l--lll ““““

A T YTy uien e
S —— - L g!ii.i‘illl'l'iilau-if IIE!-I%‘HM

ML AN LN S A 4 B B RN KRN PR K R T g S Wl e 7] S ——— * il liel™ 4 S s L T T T -

s o ety ' " gt SoSe e T kT T S T S B N S Wil ¢ v o Sl A PO L S - ‘- a iy gl gyt s ey P - N - - W ..-_.lll.lllllllU
il i, Sl Sl ¢ -l ol W W 1 YTy - e b pad s s rfywihn s o b - - . = vy el e 2 AR PR -M
- .
il e T L R I N Y e e e BEsEbkER 4
. e e o B L N L PRI S M T P o B el e M e Y Y T T Ty e - i =rraa—rr
(T FTTTFTFTT Fyn Figypsesry ¥ ST Y ] RN I B R A & TR P B R & e e el s o W T g T Y -y R ™ U B o ol B i
- ey TR T T T B L R T L P T b o ks o o e T —— e

- o T el v iR ok W ol o e W T o o e i on T o F BV L ST . -

. - ll.‘ili!.illi‘il- . T YT o b ) mrr ll.ll.ldl.l.ll*l.lll.l..l.l.ll.l.l.ll.l.l.l.'l.lﬂl. RN LR L
- e TR TR TR TR T YT R Rt TR R T B O T T T TE e S = i E—— S ——

EENEESNE 71 IISEAANEESEESSEESSESEEE SR ISR T A T T ST e e, Ty T gy, g™ R S SR S ——t——

3 T T N L S - -l i bt - W W v $I|l [N a2 g 3] L | st FAlal, Wy, A
Ed bdh ok d8EEE o d Y TR YT T

e -FEFM.IIH.I

el = m = ey, ey gt B ol Ve nl -y W i ey T ! i = feaiifeh Bl W ——-——

S § W 1 S et P A, B S e LN T T 6 B S ——
~ABAN "IN 4 GFY S ey v deireeienf e spereie 5 el ek - ol RN T,

e L, of Y S A PR, L LA BTN F TS TTSE Y T TSR .
= a o n e kel w e g ey shslel— - —

- = oma I'lt[‘l_i".ﬁIll‘.!-ii.F

TrT¥frreYy—/T"7

LAY 2!
FEC

- ' » .":ii S m B L om o1 om o - t{? II - l.‘ﬂl.l‘ J‘I*II‘.‘.‘-"I--!’-"-..--.“.-------.-.rlnlf [
lllllllllllllll F 1wt EHETEE e Sy Rty e MR R e, ol e — » puwmyrwrw g w4 1 » dma wes . seldeeie’sYa WPewrrEreeeey 1 AR ek b
» [ g e L s o m a il el lin NN N \.{{un E_ v E.m F Y O WS . - .. .-.-‘.I-l-.ll...u.... -rl‘.;;l -—.i.‘

-l il ok e b o R E R R AR A LA B o b sk wrd s m drwora P o o o Il e e e L P ERE -

g YC Heaclor {13yin)

- Bir rmeEmsrTEwTew s ss SRR A " B RN Nyl F ¢ el e W W EARAY F N F PEESE O NS W e m e e i T I e e

ARBEFE  h Y B Y S — S P W W T T e el el T L S R ——
- - i m N A o el T e - —— - AE-Em. FEEE TS " LR E o b a2l o B b e L T T PR e N

- - a A S A & A T Rt e s e e = -y = W o B d w4 0L F PRV Yy e ————————
_ b= N RAE PSS ddid Fi BN B A AR BN E 0 WAL ETF e s ey il el - ¢ " B AT
- et -
am AEE Bidi § AR e — B N e iy Sy YT |y el e e . Tyl e - A Sy L L T e i

T EE B R R "R T " T TR " I T IR T o e o o e g o gkl —arw = - el Bty A, L R L ' ——— -
P - e i a e S F N S WS

. e e e e g e T T T R E T T e e ¥ Y N LN L e e el L LR

i T e el Tl L L B _rll”--..” ...ﬂlt.ll‘...l.ll...-ll.l..il.lll..l.... A abm A EWA v L) age i ey -l-ll.lllll-l.l.ll_-...ll._-l_-".__ll 2 w—— iy Ty Ty o ey ) g Syl el sl Skl &

3

314
1318

(|
(-
o

-
. [ __._.
* mr - | et e iy o el el b d el v e e e n TR T YT PR D PR AR A AR NS SRS A s A A e T T T
..m... . 1. w .. - .... “_."Mm.."-_.. R "t rmAS A N L R . e — w s ca b M SRS W L B E R E . L T T A e .._-m
3 " e +re'e . ..-” ”_...M - m R e b et s e st et F Lt Mg A W R A B S B A ke m e m s mhmEm s e w e r e el Syt ¥ SuSmligh Sl Sk Y So— L w
] v v..-_“__..u-._.- . . ——————————a e R TR SRR LT PLER LY Ut DT P PN PRI PN R LT L E L R Ll L e
r T, T e " n ' m R O T R R L RN T L LT L T o T T S e Ml s asemame o 2o o d T, 1T Ty PR T LY PR _.”
_._._..__. . .... ...-.__ - . .. ___. L " e radmenrna i rw e i BT LT W il L e e el i B Ll B iietind — - o ta
.u= . - P - - g A g ke R e M P ARl e RS Y g e  p——— i O . Sb ek math adr gk B B R AR bbb - .."
-.n. , - m..- .- - .+.r. . e — - o n s e W wi o o g 00y L S, Py B LI L Y S L F ol oty A L e g -.“
. “ ”. e L, “ rwrw smm T e ¥ F o p ¢ v - Vel L S I . SR, L. B LT 0, ..-_..lul.lll..l.l.l_.__l.l....-.-q-tlilll"lll!ll-tllillllll“-
.- = b ., n - NN M 4 b e e———— ek o hm rm o el Bk od d ok bW NS e R TRTRATY TR Y T B w4 e el ST o T T N T .
' H. f . " on "y, 1 g ke i P T SRy B St i ket £ Sy g e N B A o w m E ke S S ———— ] a aTe SaPP  E
'—.“ . [ ] Ii T1 . [ ] . - agm g |lr.|f_.r_l R - e arEmi B e T SRR o v W T b lar b S e w I—_ *‘..l Y BT B -lﬁlr--- I Y Y F R FT T 7 - T 7 FoEy - d b ruEEmr l-l
p - = e e R L X FEF RN PR L E L PR B iamau R e I R R s e skl it L
N A B R A - N & R o E R F S Eem e o e " i L ) B g aenl mememenbi
Y LR S BN ET LN RN LR R RN L L L L L RN LD L L Y Che il - el W e e e o _
" IEE IR PN R R b ou o et My gt e e R ok - ———
. T R T A D T L 2 b et Sal sl e W P u = PR . WA,
L] gty s AT TSR TR B S S R A W N S S N & el Mt P
e R I T F TR N TR T T T T T L TP e T ey T E.I.-I.Ir-t.-..l.....l...._ LAy LA FLFFF eSS PO Y T FE MRS R e
A F L TP A R AR A e s hRaR A Y P w i E EREEAE e SR P TR AP T T i e iy e et A A ST Sy RS SRR
N e o ok o R T ek R T T e L Y Y R T et el i L iy
.._.“.m.._. T T I N L e L X o o o o o R e o o L T o i B - LA AL .

1“.-' il e el iy Bk | wy b -l Sl o T A Tl e i e L I1“‘.-.I.-.........I..-.l.-.' i e ol e sk ul wle bl wlk b .-.l.'l.l-.l-u.tEF“‘........I‘.'.:'-
2 s n g b G AN BN A AASrhs s maEpwErsd iR TErem e Ay e s s rw i e
L}

) - ~ R IR R PR T L P o T PRI LR L T N R T oy A, i o ki s

N N N T o LS T TR RENEEY S T

- WA T W W ke b e e m ot Sl T T T T NN SN TN ST NI N A e s e maf tete eafe SR FLLT LT T LR SR, et S
Eim A RE IEmEmSS LA E S EE—— - . Fra kT rA Ay 4t T AR Es s r e - - "E s memh
oy NP - ————r = TR - b i, S L Y JE LA Rl N R Bt W B
- ——— - e U Y, == Al e A e ———) P R e A £ R I el e Y el e
- e [o—— e p—— - e ' WP e e N . L . Ml r i
a's' s’ aw'ms - g - - - I . e Y Xy P T W ™ Sl il Y.
- T e —— il LN . i

1308

1322
710
1304

12

FIGURE 13

1300

700



U.S. Patent

1410

Oct. 4, 2011 Sheet 17 of 17
1402
Obtain First TOU
1404
1406

Determine if an
Uncomectable Ermor
Exists in First TDU

1408

Discard Entire ATM
Cell by Discarding
Both first and second
TDUs

is an Uncomectable Emor

yes Present in the First TOU?

Obtain Second TDU
and Determnine if an
Uncomectable Error
Exists in Second
TDU

1412

in the Second TDU? Yes

1418

Pass ATM cel
through 10 Higher
Lavers

US RE42,788

P

1416

Take No Discard
Action, Note Emor,
and Pass ATM cell
through to Higher
Layers

FIGURE 14



US RE42,788 E

1

METHOD AND APPARATUS FOR
SYNCHRONIZATION BETWEEN MAC AND
PHYSICAL LAYERS IN A WIRELESS
COMMUNICATION SYSTEM

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This 1s a Continuation-In-Part (CIP, application of com-
monly assigned application Ser. No.: 09/430,379, filed Oct.
29,1999, now U.S. Pat. No. 6,683,866, entitled “Method and
Apparatus for Data Transportation and Synchromization
between MAC and Physical Layers 1n a Wireless Communi-
cation System”, incorporated by reference heremn in 1ts
entirety. This invention 1s also related to commonly assigned
U.S. Pat. No. : 6,016,311, 1ssued Jan. 18, 2000, entitled “An
Adaptive Time Division Duplexing Method and Apparatus
for Dynamic Bandwidth Allocation within a Wireless Com-
munication System”, and commonly assigned co-pending;
application Ser. No. 09/316,318, filed May 21, 1999 entitled
“Method and Apparatus for Allocating Bandwidth 1n a Wire-
less Communication System”, both the patent and application
hereby mcorporated by reference herein for their teachings on
wireless communication systems.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to wireless communication systems,
and more particularly to a method and apparatus for eifi-
ciently synchronizing MAC and physical communication
protocol layers of a wireless communication system.

2. Description of Related Art

As described 1n the commonly assigned related U.S. Pat.
No. : 6,016,311, a wireless communication system facilitates
two-way communication between a plurality of subscriber
radio stations or subscriber units (fixed and portable) and a
fixed network infrastructure. Exemplary communication sys-
tems include mobile cellular telephone systems, personal
communication systems (PCS), and cordless telephones. The
key objective of these wireless communication systems 1s to
provide communication channels on demand between the
plurality of subscriber units and their respective base stations
in order to connect a subscriber unit user with the fixed
network infrastructure (usually a wire-line system). In the
wireless systems having multiple access schemes a time
“frame” 1s used as the basic information transmission unit.
Each frame 1s sub-divided into a plurality of time slots. Some
time slots are used for control purposes and some for 1nfor-
mation transier. Subscriber units typically communicate with
a selected base station using a “duplexing” scheme thus
allowing for the exchange of information in both directions of
connection.

Transmissions from the base station to the subscriber unit
are commonly referred to as “downlink” transmissions.
Transmissions from the subscriber unit to the base station are
commonly referred to as “uplink™ transmissions. Depending
upon the design criteria of a given system, the prior art wire-
less communication systems have typically used either time
division duplexing (TDD) or frequency division duplexing
(FDD) methods to facilitate the exchange of information
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between the base station and the subscriber units. Both the
TDD and FDD duplexing schemes are well known 1n the art.

Recently, wideband or “broadband” wireless communica-
tions networks have been proposed for delivery of enhanced
broadband services such as voice, data and video. The broad-
band wireless communication system {facilitates two-way
communication between a plurality of base stations and a
plurality of fixed subscriber stations or Customer Premises
Equipment (CPE). One exemplary broadband wireless com-

munication system 1s described in the incorporated U.S. Pat.
No.: 6,016,311, and 1s shown 1n the block diagram of FI1G. 1.

As shown 1n FIG. 1, the exemplary broadband wireless com-
munication system 100 includes a plurality of cells 102. Each
cell 102 contains an associated cell site 104 that primarily
includes a base station 106 and an active antenna array 108.
Each cell 102 provides wireless connectivity between the
cell’s base station 106 and a plurality of customer premises
equipment (CPE) 110 positioned at fixed customer sites 112
throughout the coverage area of the cell 102. The users of the
system 100 may include both residential and business cus-
tomers. Consequently, the users of the system have different
and varying usage and bandwidth requirement needs. Each
cell may service several hundred or more residential and
business CPEs.

The broadband wireless communication system 100 of
FIG. 1 provides true “bandwidth-on-demand™ to the plurality
of CPEs 110. CPEs 110 request bandwidth allocations from
their respective base stations 106 based upon the type and
quality of services requested by the customers served by the
CPEs. Different broadband services have different bandwidth
and latency requirements. The type and quality of services
available to the customers are variable and selectable. The
amount ol bandwidth dedicated to a given service 1s deter-
mined by the information rate and the quality of service
required by that service (and also taking mto account band-
width availability and other system parameters). For
example, T1-type continuous data services typically require a
ogreat deal of bandwidth having well controlled delivery
latency. Until terminated, these services require constant
bandwidth allocation for each frame. In contrast, certain
types of data services such as Internet protocol data services
(TCP/IP) are bursty, often 1dle (which at any one instant may
require zero bandwidth), and are relatively insensitive to
delay vanations when active. The base station media access
control (“MAC”) allocates available bandwidth on a physical
channel on the uplink and the downlink. Within the uplink and
downlink sub-frames, the base station MAC allocates the
available bandwidth between the various services depending
upon the priorities and rules imposed by their quality of
service (“QoS”). The MAC transports data between a MAC
“layer” (information higher layers such as TCP/IP) and a
“physical layer” (information on the physical channel).

Due to the wide varniety of CPE service requirements, and
due to the large number of CPEs serviced by any one base
station, the bandwidth allocation process in a broadband
wireless communication system such as that shown in FIG. 1
can become burdensome and complex. This 1s especially true
with regard to rapidly transporting data while maintaiming
synchronization between the MAC and physical communi-
cation protocol layers. Base stations transport many different
datatypes(e.g., T1 and TCP/IP) between the MAC and physi-
cal layers through the use of data protocols. One objective of
a communication protocol 1s to elfficiently transport data
between the MAC and physical layers. A communication
protocol must balance the need for transmitting data at maxi-
mum bandwidth at any given time against the need for main-
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taining synchronization between the MAC and physical lay-
ers when the data 1s lost during transportation.

Prior art communication protocols have been proposed for
transporting data 1n a wireless communication system. One
prior art communication protocol teaches a system for trans-
porting MAC messages to the physical layer using variable
length data packets comprising headers and payloads. A pay-
load contains data for a MAC message data type (e.g., T1 and
TCP/IP). In the prior art, a header starts at a physical layer
boundary and provides the wireless communication system
with information such as the length of the payload and the
location of the next data packet. Typically, the communica-
tion protocol provides adequate bandwidth usage via the vari-
able length data packets. However, this type of protocol pro-
vides poor synchronization between the MAC and physical
layers because when the system loses a header the protocol
overlooks all of the subsequent data until i1t finds the next
header at the beginning of the physical layer boundary. The
system then begins using data from that physical layer bound-
ary. Thus, the variable length data packet protocol loses a
relatively large amount of received data (i.e., the data received
between the lost header and the next physical boundary). It 1s
therefore an inetlicient communication protocol for use 1n a
wireless communication system.

Another prior art protocol teaches a system for transporting
MAC messages using fixed length data packets. In accor-
dance with these systems, a message always begins at a fixed
positionrelative to the other messages. When the system loses
a part of a message, the protocol only loses that one message
because it can find the next message at the next fixed position.
Thus, the fixed length data packet protocol provides adequate
MAC to physical layer synchronization. However, the fixed
length data packet protocol provides poor bandwidth usage
because a fixed length data packet must be suificiently large to
accommodate the largest message from any given data type.
As mostmessages are much smaller than the largest message,
the fixed length packet protocol typically wastes a large
amount of bandwidth on a regular basis.

Prior art protocols also inetficiently handle the transporta-
tion and synchronization of ATM cell data. In typical wireless
communication systems, ATM header information 1s pro-
tected from errors using a Header Error Check (HEC) byte.
Alternatively, entire ATM cells are protected against errors
using either a Forward Error Correction (FEC) or CRC byte.
The FEC makes the HEC redundant and thus the HEC 1s often
removed prior to transmission. Disadvantageously, when an
error 1s detected 1n these systems the entire ATM cell 1s
discarded. This 1s necessary to prevent the possible misinser-
tion of the corrupted ATM cell into higher layers of the MAC
protocol. However, the discard of entire ATM cells wastes
valuable bandwidth and requires the re-transmission of ATM
cell data.

Theretfore, a need exists for a data transportation and syn-
chronization method and apparatus for efficiently transport-
ing data between the MAC and physical layers 1n a wireless
communication system. The data transportation and synchro-
nization method and apparatus should accommodate an arbi-
trarily large number of CPEs generating frequent and varying
bandwidth allocation requests on the uplink of a wireless
communication system. Such a data transportation and syn-
chronization method and apparatus should be eflicient 1n
terms of the amount of bandwidth consumed by the messages
exchanged between the plurality of base stations and the
plurality of CPEs 1n both the uplink and downlink. In addi-
tion, the data transportation and synchronization method and
apparatus should rapidly synchronize to the next data mes-
sage when a part of a message 1s lost as to prevent a large loss
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in data. Finally, the data transportation and synchronization
method should provide a mechanism for synchronization to
ATM cell boundaries. The data transportation and synchro-
nization method should also prevent the misinsertion of ATM
cells into the higher MAC communication layers. The present

invention provides such a data transportation and synchroni-
zation method and apparatus.

SUMMARY OF THE INVENTION

The present mnvention 1s a novel method and apparatus for
eificiently transporting and synchronizing data between the
and physical layers 1n a wireless communication system. The
method and apparatus reduces the amount of unused band-
width 1n a wireless communication system. The present
invention advantageously synchronizes rapidly to the next
data message when a data message header 1s lost across the
data or the air link. The present invention utilizes a combina-
tion of data formats and a data transportation technique to
eificiently transport data 1n a commumnication system.

In the preferred embodiment of the present invention, the
data format for a MAC packet 1s preferably variable in length.
Depending on the length of the MAC packet to be transported,
the present imnvention either fragments or concatenates the
MAC packet during mapping to the physical layer. The physi-
cal layer contains Transmission Convergence/Physical (“TC/
PHY™) packets having fixed length payloads. The present
invention includes a novel technique for transporting and
mapping variable length MAC packets into TC/PHY packets.

In accordance with the present invention, the present inven-
tive method nitiates the data transportation and synchroniza-
tion technique by obtaining a MAC packet. The method deter-
mines whether the MAC packet 1s longer than the available
bits 1n the payload of the present TC/PHY packet. If so, the
method proceeds to fragment the MAC packet and map the
fragments 1to successive TC/PHY packets. The present
inventive method and apparatus may be adapted for use 1n
either an FDD or TDD communication system. When used 1n
a'TDD system, the successive TC/PHY packets are preferably
transmitted back-to-back within the same TDD frame.

If the method determines that the MAC packet i1s shorter
than the available bits 1n the payload of the present TC/PHY
packet, the method proceeds to map the MAC packet. After
mapping the MAC packet to the TC/PHY packet the method
determines whether the next MAC packet should be mapped
with the previous MAC packet 1n the TC/PHY packet. The
method will concatenate the next and previous MAC packets
unless either of the following two conditions applies. The first
condition 1s a change in modulation on the downlink. Upon
such a change, the first packet at the new modulation starts 1n
a new TC/PHY packet following a modulation transition gap
(MTG). The second condition 1s a change 1n CPE on the
uplink. Upon such a change, the first packet from the next
CPE starts 1n a new TC/PHY packet following a CPE transi-
tion gap (CTG). If neither condition applies, the method maps
the next and previous MAC packet 1n the same TC/PHY
packet 1n the manner described above.

An 1nventive method and apparatus for transporting and
synchronizing to fixed-length ATM cell boundaries and for
protecting against the potential misinsertion of ATM cells 1s
described. An imnventive ATM packet format 1s also described.
The ATM packet format 1s used by the present invention for
the transportation and synchronization of ATM cells. The
ATM packets include TC CRC and FEC fields that are used to
detect errors occurring within each ATM cell. In accordance
with the present invention, ATM cells are transported in

exactly two TC/PHY packets, or TDUs. The first TDU
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includes an ATM-MAC header. Significantly, the ATM
header information 1s contained in the first TDU only. No
ATM header information 1s carried by the second TDU. In
accordance with the present invention, an entire ATM cell 1s
discarded if an uncorrectable error 1s detected in the first
TDU. If no uncorrectable error occurs 1n the first TDU, the
second TDU 1s checked for errors. If an undetectable error
ex1sts 1n the second TDU, no discard action 1s taken. The error
1s noted, and both TDUs are passed through to the higher
MAC communication layers. The mnventive method protects
against errors occurring in the ATM header because the ATM
header 1s always carried in the first TDU. Consequently,
misinsertion of ATM cells 1s also prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a simplified block diagram of a broadband wire-
less communication system adapted for use with the present
invention.

FIG. 2 1s a TDD frame and multi-frame structure that can
be used by the communication system of FIG. 1 1n practicing,
the present invention.

FIG. 3 shows an exemplary downlink sub-frame that can be
used by the base stations to transmit information to the plu-
rality of CPEs 1n the wireless communication of FIG. 1.

FIG. 4 shows an exemplary uplink sub-frame that 1s
adapted for use with the present data transportation and syn-
chronization invention.

FIG. 5 shows an exemplary data transport architecture for
use by the communication system of FIG. 1 1n practicing the
present invention.

FIG. 6a shows an exemplary variable length MAC down-
link packet format for use by the communication system of
FIG. 1 1n practicing the present invention.

FIG. 6b shows an exemplary fixed length MAC downlink
packet format for use by the communication system of FIG. 1
in practicing the present invention.

FIG. 6¢ shows an exemplary vanable length MAC uplink
packet format for use by the communication system of FIG. 1
in practicing the present invention.

FIG. 6d shows an exemplary fixed length MAC uplink
packet format for use by the communication system of FIG. 1

in practicing the present invention.

FI1G. 7 shows an exemplary TC/PHY packet that 1s adapted
for use with the present mvention.

FIG. 8 shows an exemplary four-stage mapping of MAC
packets to the PHY layer in accordance with the present
invention.

FIG. 9 shows an exemplary downlink mapping of MAC
messages to PHY elements 1n accordance with the present
ivention.

FIG. 10 shows an exemplary uplink mapping of MAC
messages to PHY elements 1n accordance with the present
invention.

FIG. 11 1s a flow diagram showing the preferred data trans-
portation and synchronization method of the present inven-
tion.

FIG. 12 shows one exemplary conversion of MAC data
packets into ATM cells for ATM data transportation and syn-
chronization 1n accordance with the present mnvention.

FI1G. 13 shows an exemplary packet format that 1s used by

the present invention for the transportation and synchroniza-
tion of ATM cells.
FI1G. 14 shows a flowchart of the ATM data synchroniza-

tion and error detection method of the present invention.
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Like reference numbers and designations in the various
drawings indicate like elements.

DETAILED DESCRIPTION OF THE INVENTION

Throughout this description, the preferred embodiment
and examples shown should be considered as exemplars,
rather than as limitations on the present mvention.

The preferred embodiment of the present invention 1s a
method and apparatus for data transportation and synchroni-
zation 1 a broadband wireless communication system. An
important performance criterion of a broadband wireless
communication system, and any communication system for
that matter having a physical communication medium shared
by a plurality of users, 1s how efliciently the system uses the
physical medium. Because wireless communication systems
are shared-medium communication networks, access and
transmission by subscribers to the network must be con-
trolled. In wireless communication systems a Media Access
Control (“MAC”) communication protocol typically controls
user accesses to the physical medium. The MAC determines
when subscribers are allowed to transmit on the physical
medium. In addition, 1f contentions are permitted, the MAC
controls the contention process and resolves any collisions
that occur.

In the system shown in FIG. 1, the MAC 1s typically
executed by software processed by the base stations 106 (in
some embodiments, the software may execute on processors
both 1n the base stations and the CPE). The base stations 106
receive requests for transmission rights and grant these
requests within the time available taking into account the
priorities, service types, quality of service and other factors
associated with the CPEs 110. The services provided by the
CPEs 110 vary and include TDM information such as voice
trunks from a PBX. At the other end of the service spectrum,
the CPEs may uplink bursty yet delay-tolerant computer data
for communication with the well-known World Wide Web or
Internet.

The base station MAC maps and allocates bandwidth for
both the uplink and downlink communication links. These
maps are developed and maintained by the base station and
are referred to as the Uplink Sub-frame Maps and Downlink
Sub-frame Maps. The MAC must allocate suilicient band-
width to accommodate the bandwidth requirements imposed
by high priority constant bit rate (CBR) services such as T1,
E1 and similar constant bit rate services. In addition, the
MAC must allocate the remaining system bandwidth across
the lower priority services such as Internet Protocol (IP) data
services. The MAC distributes bandwidth among these lower
priority services using various QoS dependent techniques
such as fair-weighted queuing and round-robin queuing.

The downlink of the communication system shown in FIG.
1 operates on a point-to-multi-point basis (1.e., from the base
station 106 to the plurality of CPEs 110). As described in the
related U.S. Pat. No. : 6,016,311 which s hereby incorporated
by reference herein for 1ts teachings on broadband wireless
communication systems, the central base station 106 includes
a sectored active antenna array 108 which 1s capable of simul-
taneously transmitting to several sectors. In one embodiment
of the system 100, the active antenna array 108 transmits to
s1x independent sectors simultaneously. Within a given fre-
quency channel and antenna sector, all stations receive the
same transmission. The base station 1s the only transmitter
operating in the downlink direction, hence it transmits with-
out having to coordinate with other base stations, except for
the overall time-division duplexing that divides time nto
upstream (uplink) and downstream (downlink) transmission
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periods. The base station broadcasts to all of the CPEs 1n a
sector (and frequency). The CPEs monitor the addresses 1n
the recerved messages and retain only those addressed to
them.

The CPEs 110 share the uplink on a demand basis that 1s
controlled by the base station MAC. Depending upon the
class of service utilized by a CPE, the base station may 1ssue
a selected CPE continuing rights to transmait on the uplink, or
the right to transmit may be granted by a base station after
receipt of a request from the CPE. In addition to individually
addressed messages, the base station may also send messages
to multicast groups (control messages and video distribution
are examples of multicast applications) as well as broadcast to
all CPEs.

Frame Maps—Uplink and Downlink Sub-frame Mappings

In one preferred embodiment of the present invention, the
base stations 106 maintain sub-frame maps of the bandwidth
allocated to the uplink and downlink communication links.
As described in more detail in U.S. Pat. No. : 6,016,311, the
uplink and downlink are preferably multiplexed 1n a time-
division duplex (or “TDD”) manner. Although the present
invention 1s described with reference to its application 1n a
TDD system, the invention 1s not so limited. Those skilled 1n
the communications art shall recognize that the present inven-
tive method and apparatus canreadily be adapted for use 1n an
FDD system.

In one embodiment adapted for use 1n a TDD system, a
frame 1s defined as comprising N consecutive time periods or
time slots (where N remains constant). In accordance with
this “frame-based” approach, the communication system
dynamically configures the first N, time slots (where N 1s
greater than or equal to N, ) for downlink transmissions only.
The remaining N, time slots are dynamically configured for

uplink transmissions only (where N, equals N-N, ). Under
this TDD frame-based scheme, the downlink sub-frame 1is

preferably transmitted first and 1s prefixed with information
that 1s necessary for frame synchronmization.

FIG. 2 shows a TDD frame and multi-frame structure 200
that can be used by a communication system (such as that
shown 1 FIG. 1) in practicing the present invention. As
shown 1n FIG. 2, the TDD frame 200 1s subdivided into a
plurality of physical slots (PS) 204, 204'. In the embodiment
shown 1n FIG. 2, the frame 1s one millisecond 1n duration and
includes 800 physical slots. Alternatively, the present imnven-
tion can be used with frames having longer or shorter duration
and with more or fewer PSs. The available bandwidth 1is
allocated by a base station 1n units of a certain pre-defined
number of PSs. Some form of digital encoding, such as the
well-known Reed-Solomon encoding method, 1s performed
on the digital information over a pre-defined number of bit
units referred to as information elements (PI). The modula-
tion may vary within the frame and determines the number of
PS (and therefore the amount of time) required to transmit a
selected PI.

As described 1in more detail 1n related U.S. Pat. No. :
6,016,311, 1n one embodiment of the broadband wireless
communication system shown 1n FIG. 1, the TDD framing
preferably 1s adaptive. That 1s, the number of PSs allocated to
the downlink versus the uplink varies over time. The present
inventive data transportation and synchronization method
and apparatus can be used in both FDD and TDD communi-
cation systems. Further, the present invention can be used 1n
both adaptive and fixed TDD systems using a frame and
multi-frame structure similar to that shown i FIG. 2. As
shown 1n FIG. 2, to aid periodic functions, multiple frames
202 are grouped into multi-frames 206, and multiple multi-
frames 206 are grouped into hyper-frames 208. In one
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embodiment, each multi-frame 206 comprises two frames
202, and each hyper-frame comprises twenty-two multi-
frames 206. Other frame, multi-frame and hyper-frame struc-
tures can be used with the present invention. For example, in
another embodiment of the present invention, each multi-
frame 206 comprises sixteen frames 202, and each hyper-
frame comprises thirty-two multi-frames 206. Exemplary
downlink and uplink sub-frames used in practicing the
present invention are shown respectively in FIGS. 3 and 4.
Downlink Sub-frame Map

FIG. 3 shows one example of a downlink sub-frame 300
that can be used by the base stations 106 to transmit informa-
tion to the plurality of CPEs 110. The base station preferably
maintains a downlink sub-frame map that reflects the down-
link bandwidth allocation. The downlink sub-frame 300 pret-
erably comprises a frame control header 302, a plurality of
downlink data PSs 304 grouped by modulation type (e.g., PS
304 data modulated using a QAM-4 modulation scheme, PS
304'0 data modulated using QAM-16, etc.) and possibly sepa-
rated by associated modulation transition gaps (MTGs) 306
used to separate differently modulated data, and a transmat/
receive transition gap 308. In any selected downlink subirame
any one or more of the differently modulated data blocks may
be absent. In one embodiment, modulation transition gaps
(MTGs) 306 are O PS 1n duration. As shown 1n FIG. 3, the
frame control header 302 contains a preamble 310 that1s used
by the physical protocol layer (or PHY) for synchronization
and equalization purposes. The frame control header 302 also
includes control sections for both the PHY (312) and the
MAC (314).

The downlink data PSs are used for transmitting data and
control messages to the CPEs 110. This data 1s preferably
encoded (using a Reed-Solomon encoding scheme {for
example) and transmitted at the current operating modulation
used by the selected CPE. Data 1s preferably transmitted 1n a
pre-defined modulation sequence: such as QAM-4, followed
by QAM-16, followed by QAM-64. The modulation transi-
tion gaps 306, 1f present, are used to separate the modulation
schemes used to transmit data. The PHY Control portion 312
of the frame control header 302 pretferably contains a broad-
cast message mdicating the identity of the PS 304 at which the
modulation scheme changes. Finally, as shown 1n FIG. 3, the
Tx/RX transition gap 308 separates the downlink sub-frame
from the uplink sub-frame.

Uplink Sub-frame Map

FIG. 4 shows one example of an uplink sub-irame 400 that
1s adapted for use with the present data transportation and
synchronization invention. In accordance with the present
data transportation and synchronization method and appara-
tus, the CPEs 110 (FIG. 1) use the uplink sub-frame 400 to
transmit information (including bandwidth requests) to their
associated base stations 106. As shown 1n FIG. 4, there are
three main classes of MAC control messages that are trans-
mitted by the CPEs 110 during the uplink frame: (1) those that
are transmitted 1n contention slots reserved for CPE registra-
tion (Registration Contention Slots 402); (2) those that are
transmitted 1n contention slots reserved for responses to mul-
ticast and broadcast polls for bandwidth allocation (Band-
width Request Contention Slots 404); and those that are trans-
mitted 1n bandwidth specifically allocated to individual CPEs
(CPE Scheduled Data Slots 406).

The bandwidth allocated for contention slots (1.¢., the con-
tention slots 402 and 404) 1s grouped together and 1s trans-
mitted using a pre-determined modulation scheme. For
example, 1n the embodiment shown in FIG. 4 the contention
slots 402 and 404 are transmitted using a QAM-4 modulation.
The remaining bandwidth 1s grouped by CPE. During 1its
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scheduled bandwidth, a CPE 110 transmits with a fixed
modulation that1s determined by the effects of environmental
factors on transmission between that CPE 110 and 1ts associ-
ated base station 106. The uplink sub-irame 400 includes a
plurality of CPE transition gaps (C1Gs) 408 that serve a
similar function to the modulation transition gaps (M1Gs)
306 described above with reference to FIG. 3. That 1s, the
CTGs 408 separate the transmissions from the various CPEs
110 during the uplink sub-frame 400. In one embodiment, the
CTGs 408 are 2 physical slots in duration. A transmitting CPE
preferably transmits a 1 PS preamble during the second PS of
the CTG 408 thereby allowing the base station to synchronize
to the new CPE 110. Multiple CPEs 110 may transmit 1n the
registration contention period simultaneously resulting in
collisions. When a collision occurs the base station may not
respond. The downlink and uplink sub-frames provide a
mechanism for layered data transportation 1n a wireless com-
munication system.

Layered Data Transport Architecture in a Broadband Wire-
less Communication System

An 1mportant feature of the present invention is the ability
to abstract higher communication protocol layers (Continu-
ous Grant (“CG”) and Demand Assigned Multiple Access
(“DAMA™)). In one preferred embodiment of the present
invention, the base stations 106 maintain a layered data trans-
port architecture between the service access point (SAP) and
the physical data through a MAC. The various SAPs have
different communication protocols and latency requirements.
At the highest level of abstraction, a CG data service such as
T1 typically requires a great deal of bandwidth having well-
controlled delivery latency. In contrast, a DAMA data service
such as Internet Protocol data services (TCP/IP) are bursty,
often 1dle (which at any one instant requires zero bandwidth),
and are relatively msensitive to delay varniations when active.
Thelayered data transport architecture provides a mechanism
for interfacing with various SAPs 1n a broadband wireless
communication system.

FIG. 5 shows a preferred embodiment of a data transport
architecture for use with the present mnvention. As shown 1n
FIG. 3, the Convergence Subprocesses (CS) layers and the
MAC layers 502, 504 interface to transport data across a
broadband wireless communication system. The Conver-
gence Subprocesses and their Service Access Points provide
the mterfaces to higher communication protocol layers for
service specific connection establishment, maintenance and
data transier. Convergence Subprocesses of data are well-
known in the art. One such Convergence Subprocess 1s
described 1n a text entitled “Asynchronous Transfer Mode
(ATM), Technical Overview”, second Edition, Harry J. R.
Dutton and Peter Lenhard, published by Prentice Hall, Octo-
ber 19935, at pp. 3-21 through 3-25, hereby incorporated
herein by reference for its teachings on Convergence Subpro-
cesses. The ATM Convergence Sub-process (and related Seg-
mentation and Reassembly (SAR) Process) 1s described in
greater detail below with reference to FIG. 12. The MAC
provides SAPs to the higher layers of communication proto-

col such as Time Division Multiplexing (TDM), Higher
Layer Control Message (HLCM), Continuing Grant (CG)
and Demand Assigned Multiple Access (DAMA). As shown
in FI1G. 5, the MAC preferably has two layers, the High I

Level
Media Access Arbitration (HL-MAA) layer 502 and the Low

Level Media Access Arbitration (LL-MAA) layer 504.

In one preferred embodiment, the HL-MAA 502 provides
multiple functions. The HL-MAA 502 preferably interfaces
with the higher protocol layers for Base Station (BS) control,
CPE registration, the establishment and maintenance of data
connections, and load leveling functions. Through the con-
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vergence sublayers, the BS HL-MAA interacts with the
higher layers 1n the BS, accepting or rejecting requests for
provisioned connections at varying levels of service based
upon both bandwidth availability and connection specific
bandwidth limits. The HL-MAA 502 also preferably provides

load leveling across the physical channels of data. The BS
HIL-MAA sublayer of the MAC also preferably controls

bandwidth allocation and load leveling across physical chan-
nels. The BS HL-MAA 1s aware of the loading on all physical
channels within this MAC domain. Existing connections may
be moved to another physical channel to provide a better
balance of the bandwidth usage within a sector.

In the preferred embodiment, the LL-MAA 504 provides
an interface between the CPE and the BS MAC. The LL-
MAA 504 preferably performs the bandwidth allocation on
an individual physical channel. Each physical channel has a
corresponding instance of the BS LL-MAA. Similarly, each
CPE has a corresponding instance of the CPE LL-MAA.
Thus, the LL-MAA 1s more tightly coupled with the Trans-
mission Convergence (1TC) 506 and the physical (PHY) 508
layers than 1s the HL-MAA. The BS LL-MAA preferably
cooperates with the BS HL-MAA 1n determining the actual
amount of bandwidth available at any given time based upon
bandwidth requests, control message needs and the specific
modulation used to communicate with each CPE. The BS
LL-MAA pretferably packages downlink data for transmis-
sion to the CPEs. The CPE LL-MAA preferably packages
uplink data using the same bandwidth allocation algorithm as
the BS LL-MAA except limited 1n scope to the CPE’s allo-
cated bandwidth. The LL-MAA 504 may fragment messages
across multiple time division duplexing (TDD) frames.

The present data transportation and synchromization inven-
tion relies upon fixed length transmission convergence/physi-
cal TC/PHY packets to transport variable length MAC pack-
cts that are relatively de-coupled from the physical (PHY)
layer 508. The transmission convergence (1C) layer 506 pro-
vides a de-coupling means between the MAC layers 502, 504
and the PHY layer 508. As described 1n more detail below 1n
the TC/PHY Packet Format and MAC Packet and Header
Format sections, the preferred embodiment of the present
invention uses variable length MAC packets and fixed length
TC/PHY packets. The preferred embodiment of the present
invention preferably also uses downlink and uplink sub-
frame maps 1n transporting data from the BS to one of the
various CPEs. In the preferred embodiment, the MAC pret-
crably uses an adaptive frame structure to transfer data as
described above and 1n co-pending application Ser. No.
09/316,518. The data transported by the adaptive frame struc-
ture comprises a set of formatted 1information or “packets™.
One MAC packet format adapted for use 1n the present inven-
tion 1s described below. One of ordinary skill 1n the art wall
recognize that alternative MAC packet formats may be used
without departing from the spirit of the present invention.
MAC Packet Format—Header and Payload

MAC packet data represents data exchanged between the
higher communication protocol layers (e.g., CG and DAMA)
and the lower communication protocol layers (e.g., TC and
PHY) 1in a wireless communication system. In a preferred
embodiment of the present invention, the data for all applica-
tions 1s transmitted 1n packets prefaced with a header contain-
ing the connection ID and a variety of status bits. The con-
nection ID provides a mechanism for user stations to
recognize data that 1s transmitted to them by a base station.
The user stations process the packets appropriately based on
information referenced by the connection ID.

MAC data may be fragmented across TDD frames 200. In

a preferred embodiment, this fragmentation 1s accomplished
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using MAC headers. The MAC headers are used to control
fragmentation across TDD frames 200 and to handle control
and routing 1ssues. The preferred minimum fragment size and
the fragmentation step size are given to the CPE 1n a “Regis-
tration Results” message. “Begin” and “Continue” fragments
preferably should be at least the minimum fragment size. I
larger, the additional size preferably should be a multiple of
the fragmentation step size. End fragments and uniragmented
MAC packets are preferably exempt from the fragmentation
mimmum and step size requirements.

Within a TDD frame 200, data sent on a connection by the
MAC may be unfragmented (transmitted within a single TDD
frame 200) or may comprise a beginming packet and an end
packet, separated by some number of continuation packets. In
the preferred embodiment of the present invention, the format
of a MAC packet comprises a header and a payload. The
MAC header preferably comprises two distinct formats: a
standard MAC header and an abbreviated MAC header. These
two header formats are preferably mutually exclusive
because a particular network of base stations and CPEs will
preferably use either the standard MAC header only or the
abbreviated MAC header only. The standard MAC header
supports variable length data packets over the data or air
intertace. The abbreviated MAC header supports fixed length
data packets over the data or air interface. The preferred
downlink MAC headers vary slightly from the preferred
uplink MAC headers.

FIG. 6a shows the format of the preferred embodiment of a
standard MAC downlink packet format 600a adapted for use
with the present mvention. Although specific fields, field
lengths, and field configurations are described with reference
to FIG. 6a, those skilled in the communications art shall
recognize that alternative configurations may be used in prac-
ticing the present mvention. The standard MAC downlink
packet format 600a preferably comprises a standard MAC

downlink header 640 and a variable length payload 622. The
standard MAC downlink header 640 preferably comprises 9
different fields that measure 6 bytes in total length. The stan-
dard MAC downlink header 640 begins with a header flag
field 604 that 1s preferably 1 bit in length. In the embodiment
shown the header flag field 604 1s set to a logical one 1n
systems that only allow variable length packets. Thus, the
header tlag field 604 1s always set to a logical one for the
standard MAC downlink header 640 because the standard
MAC header supports variable length data packets. The
header flag field 604 1s followed by a power control (PC) field
606.

The power control field 606 provides fast, small adjust-
ments 1n a CPE’s power and preferably is 2 bits in length. The
power control field 606 preferably adjusts the CPE’s power in
relattve rather than absolute amounts. In the preferred
embodiment, the 2 bits of the power control field 606 are
assigned the following logical values: 00, do not change
power; 01, increase power a small amount; 11, decrease
power a small amount; 10, reserved for future use. An encryp-
tion (E) bat field 608 preterably follows the power control
field 606. The encryption bit field 608 provides information
about the payload and 1s 1 bit 1n length. When the payload 1s
encrypted, the encryption bit field 608 1s set to a logical one,
otherwise, to a logical zero. The MAC header 1s always trans-
mitted unencrypted. The encryption bit field 608 1s followed
by a connection ID reserved field 610. The connection 1D
reserved field 610 provides means for future expansion of a
connection ID (CID) field 612 (described below) and 1s 8 bits
in length. The connection ID field 612 follows the connection
ID reserved field 610 and provides identification information

to the CPEs. The connection 1D field 612 1s 16 bits in length.
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The connection ID 1s a destination 1dentifier established at the
time of connection between a base station and a CPE to
uniquely 1dentity the CPE. A fragmentation control ficld 614
follows the connection ID field 612.

The fragmentation control (Frag) field 614 provides frag-
mentation information and 1s 3 bits 1n length. When a system
supports variable length packets (1e., standard MAC down-
link format), the MAC performs fragmentation to efficiently
use the air link bandwidth. In the preferred embodiment, the
3 bits of the fragmentation control field 614 are preferably
assigned the following values: 010, begin fragment of a frag-
mented message; 000, continue fragment of a fragmented
message; 100 end fragment of a fragmented message; 110
uniragmented message. A packet loss priority (PLP) field 616
follows the fragmentation control field 614. The packet loss
priority field 616 provides information regarding congestion
and 1s 1 bit 1n length. In a congestion situation the wireless
communication system first discards packets having low pri-
ority. The wireless communication system sets the packet loss
priority field 616 set to a logical one for a low priority packet.
Conversely, a packet loss priority field 616 for a high priority
packet 1s set to a logical zero. A length reserved (Len) field
618 follows the packet loss prionty field.

The length reserved field 618 preferably 1s 5 bits 1n length
and provides means for future expansion of a length field 620
(described below 1n more detail). The length field 620 follows
the length reserved field 618 and provides information on the
MAC packet payload. The length field 620 1s 11 bits 1n length
and idicates the number of bytes in the MAC packet payload.
A payload field 622 follows the length field 620. The payload
field 622 1s a variable length field determined by the length
field 620. The payload field 622 contains a portion of a data

clement from a data service type specific (e.g., T1, TCP/IP).
These data elements are transported to a CPE 1dentified by the
connection ID field 612. The abbreviated MAC downlink
packet format 600b 1s similar to the standard MAC downlink
packet format 600a.

FIG. 6b shows the format of the preferred embodiment of
an abbreviated MAC downlink packet format 600b adapted
for use with the present invention. Those skilled 1n the com-

munications art shall recognize that alternative configura-
tions can be used without departing from the scope of the
present mvention. The abbreviated MAC downlink packet

format 600b preferably comprises an abbreviated MAC
downlink header 650 and a fixed length payload 623.

The abbreviated MAC downlink header 650 preferably
comprises 7 different fields that measure 4 bytes in total
length. The abbreviated MAC downlink header 650 begins
with a header flag field 604 that 1s 1 bit in length. The header
flag field 604 1s set to a logical zero 1n systems that only allow
fixed length packets. Thus, 1n the embodiment shown, the
header flag field 604 1s always set to a logical zero for the
abbreviated MAC downlink header 650 because the abbrevi-
ated MAC header supports fixed length data packets. The
header flag field 604 1s followed by the power control field
606, the encryption bit field 608, the reserved connection 1D
field 610, and the connection ID field 612. These fields are
identical to those described above in the description of the
standard MAC downlink packet and header format 600a of
FIG. 6a. The connection ID field 612 1s followed by the
backhaul reserved fragmentation (BRF) field 615 and prefer-
ably 1s 3 bits 1n length. The BRF field 615 1s reserved for
backhaul fragmentation and i1s preferably used to pass
through backhaul specific fragmentation information. The

above-described PLP 616 field follows the BRF field 615.
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The standard MAC uplink packet format 600c 1s similar to the
standard MAC downlink packet format 600a and 1s described
below.

FIG. 6¢ shows the format of the preferred embodiment of a
standard MAC uplink packet format 600c adapted for use
with the present invention. Those skilled in the communica-
tions art shall recognize that alternative configurations can be
used without departing from the scope of the present mnven-
tion. The standard MAC uplink packet format 600c of FIG. 6c
preferably comprises a standard MAC uplink header 660 and
a variable length payload 622. The standard MAC uplink
header 660 format (FIG. 6¢) 1s identical to the standard MAC
downlink header 640 format (FIG. 6a) with one exception.
That 1s, 1n the standard MAC uplink header 660 a poll me
(PM) field 605 tfollows the header flag 604 instead of the
power control field 606 (FIG. 6a). The poll me field 605 1s 3
bits 1n length and 1indicates when a request 1s to be polled for
bandwidth. The poll me field 605 also indicates when con-
nection requests are received from the CPE associated with
the packet. In the preferred embodiment, the poll me field 605
1s assigned the following logical values: 01, request to be
polled for a connection with Quality of Service (QQoS)
between a first selected level and 255; 10, request to be polled
for a connection with QoS between 1 and a second selected
level. The abbreviated MAC uplink packet format 600d
shown 1n FIG. 6d 1s similar to the abbreviated MAC downlink
packet format 600b of FIG. 6b.

FIG. 6d shows the format of the preferred embodiment of
an abbreviated MAC uplink packet 600d adapted for use with
the present ivention. The abbreviated MAC uplink packet
600d preferably comprises an abbreviated MAC uplink
header 670 and a fixed length payload 623. The abbreviated
MAC uplink header 670 format 1s identical to the abbreviated
MAC downlink header 650 format of F1G. 6b with one excep-
tion. Specifically, in the abbreviated MAC uplink header 670
of FIG. 6d, a poll me field 605 1s used instead of the power
control field 606 of the MAC downlink header 650 format
(FIG. 6b). The poll me field 603 follows the header tlag 604 as
shown 1n FIG. 6d. The poll me field 605 1s described above
with reference to the standard MAC uplink packet format
600c of FIG. 6c.

The MAC uplink and downlink packet formats 600a, 600b,
600c, 600d described above with reference to FIGS. 6a-6d are
the preferred mechanisms to transport data between the CPEs
and the base stations 1n a wireless communication system
adapted for use with the present invention. However, this 1s
not meant to limit the present invention. One of ordinary skaill
in the art shall recogmize that other types of MAC packet
formats 600a, 600b, 600c, 600d can be adapted for use with-
out departing from the spirit and scope of the present mnven-
tion.

In the preferred embodiment of the present invention, the
MAC uplink and downlink packets interface with the physical
layer 508 (FIG. 5) through the TC layer 506 (FIG. 5). The TC
layer 506 packages MAC messages into packets that are
compatible with the air mterface. The TC layer 506 distrib-
utes MAC messages across TC/PHY packets as required. As
one of ordinary skill 1n the communications art shall recog-
nize, a great number of formats exist for transporting data in
a TC/PHY packet. One TC/PHY packet format adapted for
use in the present imnvention 1s now described with reference to
FIG. 7.

TC/PHY Packet Format

FI1G. 7 shows the format of a preferred embodiment of a
TC/PHY packet 700 adapted for use with the present mnven-
tion. The TC/PHY packet format 700 preferably comprises 5
different fields that measure 228 bits 1n total length. The
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TC/PHY packet 700 1s also referred to as the “TC Data Unit”
(ITDU). As shown 1n FIG. 7, the preferred embodiment of the
TC/PHY packet 300 comprises an 8-bit header 702, a 208-bit
payload field 712 and a 12-bit CRC field 710. The header 702
further preferably comprises three fields: a header present
(HP) field 704, a reserved (R) field 706, and a position field
(Pos) 708. The header present field 704 1s 1 bit 1n length and
provides iformation about the presence (or absence) of the
start of a MAC header present within the TC/PHY packet 700.
When a MAC header starts somewhere within the TC/PHY
packet 700, the header present field 704 1s set to a logical one,
otherwise, 1t 1s set to a logical zero. The reserved field 706
tollows the header present field 704. The reserved field 706 1s
2 bits 1n length and 1s optionally reserved for future use. The
position field 708 tollows the reserved field 706. The position
ficld 708 1s 5 bits 1n length and pretferably indicates the byte
position within the payload at which the MAC header, i
present, starts. The TC/PHY packet 700 preferably has a
payload 712 of 208 bits (i1.e., 26 bytes). The payload 712
contains MAC packet information that 1s described 1n more
detail below. The CRC field 710 as shown 1n FIG. 7 follows
the payload 712. The CRC field 710 1s 12 bits 1n length. The
CRC field 710 1s used to perform an error correction function
using a well known Cyclic Redundancy Check technique.
The TC/PHY packet format 700 (TDU) provides a mecha-
nism for mapping of MAC entities (packets) to PHY ele-

ments. This mechanism 1s now described 1n more detail.
Mapping of MAC Entities to PHY

Elements

In one embodiment of the present invention, the BS LL-
MAA performs all allocation and mapping of the available
bandwidth of a physical channel based on the priority and
quality of services requirements of requests recerved from the
higher communication protocol layers. Additionally, the
availability of bandwidth 1s preferably based on the modula-
tion required to achieve acceptable bit error rates (BER)
between the BS and the individual CPEs. The BS MAC pret-
erably uses information from the PHY regarding signal qual-
ity to determine the modulation required for a particular CPE
and, theretore, the bandwidth that 1s available. Once the BS
LL-MAA has allocated uplink bandwidth to the CPEs, each
CPE’s LL-MAA, 1n turn, allocates that bandwidth to the
uplink requests 1t has outstanding.

FIG. 8 shows a preferred embodiment of a four-stage map-

ping from a stream of variable length MAC messages to a
228-bit TC Data Unit (TDU) 700, otherwise known as a

TC/PHY packet 700, to a 300-bit PIs and finally to a 25-sym-
bol PSs (PIs and PSs are described above with reference to
FIG. 2). As shown 1n FIG. 8 and described turther below, the
present invention preferably maps from the PS communica-
tion protocol level to the MAC communication protocol level,
and vice versa. The preferred minimum physical unit that the
LL-MAA allocates 1s the 25-symbol PS 802. The preferred
minimum logical unit the LL-MAA allocates 1s the 208-bit
(26-byte) payload 712 of the 228-bit TC Data Unit (TDU)
700. As one of ordinary skill 1n the communications art will
recognize, other minimums of the physical and logical units
can be used without departing from the scope of the present
invention. The 228-bit TDU 700 1s preferably encoded using
the well-known Reed-Solomon coding technique to create
the 300-bit PIs 804. Bandwidth needs that do not require
encoding, such as the various transition gaps, are preferably
allocated 1n units of 1 PS. Bandwidth needs that require
encoding (using a Reed-Solomon encoding scheme, for
example) are preferably allocated in TDUs 700, with each
modulation, on the downlink, and each CPE’s transmission,
on the uplink, padded to an integer multiple of TDUs 700 to
create an integer multiple of PIs 804. This padding 1n the
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preferred embodiment 1s described 1n more detail 1n the fol-
lowing subsections. The number of PSs 802 required to trans-
mit a PI varies with the modulation scheme used.

Downlink Mapping of MAC to PHY

As described above and in co-pending and incorporated
application Ser. No. 09/316,518, the preterred embodiment of
a downlink sub-frame 300 adapted for use with the present
invention starts with a Frame Control Header 302 (FIG. 3)
that contains a preamble of a fixed length 310, a PHY control
section 312 and a MAC control section 314. This Frame
Control Header 302 allows CPEs to synchronize with the
downlink and determine the mapping of the uplink and the
downlink.

FIG. 9 shows the mapping of the body of the pretferred
downlink sub-frame 300 to the downlink needs of users 1n a
preferred embodiment of the present invention. The Modula-
tion Transition Gap (M'TG) 306 serves the purpose ofa 1 PS
preamble to ensure synchronization with changing modula-
tion techmques. Within the sub-frame 300, TC/PHY packets
700 are preferably grouped by modulation (e.g., QAM4,
QAM-16, and QAM-64). Within the modulation blocks,
packets can be grouped by CPE, but do not need to be grouped
as such. All messages (other than 1n the frame header) for an
individual CPE are preferably transmitted using the same
modulation scheme. In the mapping method of the preferred
embodiment, each series of MAC packets at a particular
modulation should be padded to be an integer multiple of a
TDU 700. This padding 1s used to provide an integer multiple
of a PI after coding. The padding preferably uses the fill byte
0x55. The structure of uplink mapping differs slightly from
downlink mapping. This structure 1s now described with ret-
erence to FIGS. 4 and 10.

Uplink Mapping of MAC to PHY

The uplink sub-frame 400 (FIG. 4) adapted for use in the
present invention preferably comprises uplink contention
access slots as described above with reference to FIG. 4. The
uplink sub-frame 400 preferably begins with optional regis-
tration contention slots 402. Some registration contention
slots 402 are preferably allocated periodically to the PHY for
use during station registration. In one preferred embodiment,
registration messages are proceeded by a 1 PS preamble and
are preferably sent alone. Also, other MAC control messages
are prelerably not packed into the same MAC packet. The
bandwidth request retention slots 404 are preferably allocated
for responses to multicast and broadcast polls for bandwidth
requirements. In one preferred embodiment, the bandwidth
request messages, when transmitted in the bandwidth request
contention period, are preferably proceeded by a 1 PS pre-
amble and padded to a full TDU. CPEs may pack additional
bandwidth requests for other connections into the same MAC
packet as part of the padding to a full TDU. The uplink
mapping 1s now described.

FI1G. 10 shows the mapping of the scheduled portion of the
uplink sub-frame 400 adapted for use with the present inven-
tion to the uplink needs of users in one preferred embodiment
of the present invention. Similar to the MTG 306 of FIG. 9,
the CPE Transition Gap (CTG) 408 preferably contains a 1 PS
preamble that ensures synchronization with the new CPE.
Within the sub-frame 400, the TC/PHY packets 700 are pret-
erably grouped by CPE. All messages, other than bandwidth
requests transmitted 1n bandwidth request contention slots,
from an individual CPE are preferably transmitted using the
same modulation scheme. In the preferred embodiment, each
CPE’s transmission 1s preferably padded to be an integer
multiple of a TDU to provide an integer multiple of a PI after
coding. The padding preferably uses the fill byte 0x55. The
uplink and downlink mapping provides a mechanism for the
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higher communication protocol layers (CG and DAMA) to
transport data to the PHY layer 508.

By using the data transportation and synchronization tech-
nique of the present invention, scheduled uplink and down-
link data 1s transported and synchronized between the MAC
layers 502, 504 (FIG. 5) and the physical layer 508 (FIG. 5).
The scheduled uplink and downlink data are preferably trans-
ported within the uplink sub-frame 400 and the downlink
sub-frame 300, respectively, based upon the modulation
scheme used by the CPEs 10. The present invention prefer-
ably uses the MAC packet formats 600a, 600b, 600c, 600d
(FIGS. 6a-6d, respectively) and the TC/PHY packet format
700 (FIG. 7) to transport uplink and downlink data between
the MAC layers 502, 504 and the physical layer 508. Mapping
of MAC entities to PHY elements 1s preferably performed
according to the 4-stage uplink and downlink mapping
described above (FIGS. 8-10). In accordance with the present
invention and in the manner described 1n more detail below,
MAC packet data 1s mapped to the TC/PHY packet format
700 1n a varniable length manner. Accordingly, a MAC packet
that 1s larger than a TC/PHY packet 700 1s fragmented. A
MAC packet that 1s smaller than a TC/PHY packet 700 1s
concatenated with the next MAC packet 1n one TC/PHY
packet 700 unless one of two conditions apply. These condi-
tions are described below 1n more detail.

The present inventive method and apparatus efficiently
transports data between the MAC and the physical commu-
nications protocol layers in a wireless communication sys-
tem. In accordance with the present invention, bandwidth 1s
cificiently used because multiple vanable length messages
are concatenated across multiple TC/PHY packets 700. The
present invention advantageously synchronizes rapidly to the
next data message when a data message header 1s lost across
the data or air link. After a lost data or air link 1s reestablished,
the present invention allows rapid synchronization because
the wireless communication system only needs to scan the
header present field 704 (FIG. 7) of the recerved TC/PHY
packets 700 to find the next MAC header 640, 650, 660, or
670 (FIGS. 6a-6d). Thus, only a small amount of information
(less than one MAC message) 1s lost when the data or air link
1s reestablished. As described below with reference to FIGS.
13-14, the present inventive data transportation and synchro-
nization method and apparatus also allows for rapid synchro-
nization when transporting ATM cells. Rapid synchroniza-
tion 1s established by discarding ATM cells that have
uncorrectable errors. This synchronization technmique protects
against the potential misinsertion of ATM cells because 1t
protects against errors occurring in the ATM headers. The
inventive AI'M data transportation and synchronization tech-
nique 1s described 1n more detail below with reference to FIG.
13.

The present invention transports data using an mventive
data transportation and synchronization technique. This tech-
nique 1s now described 1n detail with reference to FIG. 11.
Data Transportation and Synchronization Technique

In the preferred embodiment of the present invention, the
payload preferably transmits vaniable length MAC packets
600a, 600b, 600c, and 600d as described above with reference
to FIGS. 6a-6d. Depending on the length of a MAC packet
600a, 600b, 600c, or 600d, the present invention either frag-
ments or concatenates the MAC packet 600a, 600b, 600c,
600d when mapping to the physical layer 508 (FIG. 5). In the
preferred embodiment of the present invention, a TC/PHY
packet 700 has a payload 712 (FIG. 7) with a maximum
capacity, of 208 bits. The preferred maximum of 208 bits 1s
exemplary only and one of ordinary skill 1n the art will rec-
ognize that other TC/PHY packet formats can be used and can
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have different maximum payloads. Sometimes a TC/PHY
packet 700 will have less than the maximum capacity avail-
able for mapping a MAC packet 600a, 600b, 600c, or 600d.
This situation occurs when a previous MAC packet 600 or
fragment of a MAC packet has already been mapped into the
present TC/PHY packet 700. For example, in the preferred
embodiment, if a 96-bit MAC packet 1s mapped into a

TC/PHY packet 700, then 112 bits are available 1n the pay-
load 712 of the TC/PHY packet 700 for mapping the next
MAC packet 600 using a concatenation technique. The pro-
cedure for transporting and mapping variable length MAC
packets mnto TC/PHY packets 700 1n this manner 1s shown in
FIG. 11 and described in more detail below.

As shown 1n FIG. 11, the present inventive method initiates
the data transportation and synchronization technique at
STEP 150 by first obtaining a MAC packet 600. The method
proceeds to a decision step at STEP 152 to determine whether
the MAC packet 600 1s longer than the available bits in the
payload 712 of the present TC/PHY packet 700. If so, the
method proceeds to a STEP 154 where the method fragments
the MAC packet 600, i1 not, the method proceeds to a STEP
160 where the method maps the MAC packet 600 to the
TC/PHY packet.

At STEP 154 the method fragments the MAC packet 600
into smaller bit-length packets called “fragment MAC pack-
ets”. A MAC packet 600 that has been fragmented comprises
at least a first fragment MAC packet and a second fragment
MAC packet. The first fragment MAC packet 1s preferably
constructed to fill up the remaining available bits 1n the
present TC/PHY packet 700. The present method maps the
first fragment MAC packet 1nto the present TC/PHY packet
700 at STEP 154 as described above. The method then pro-
ceeds to STEP 156. At STEP 156, the method maps the
remaining fragments mnto the next successive TC/PHY pack-
cts until all fragments are mapped. In accordance with the
preferred embodiment of the present invention, the method
preferably transmits all fragments from a MAC packet on the
same TDD frame 200. The method then returns to STEP 150
to obtain another MAC packet.

At STEP 160, the method maps the MAC packet into the
TC/PHY packet as described above. The method then pro-
ceeds to a decision STEP 162 to determine whether there are
any available bits remaining 1n the payload of the TC/PHY
packet 700. Bits remain available 1f the mapped MAC packet
ended 1n the middle of the TC/PHY packet 700 (1.e., before
filling the entire payload 712). I1 bits in the payload remain
available, the method proceeds to a decision STEP 166. If not,
the method proceeds to a STEP 164 where the method returns
to STEP 150 to obtain another MAC packet as described
above. At the decision STEP 166, the method determines
whether there was a change 1n modulation on the downlink. IT
so, the method proceeds to a STEP 168 to obtain a new
TC/PHY packet 700 following an MTG 306, 306, 1f not, the
method proceeds to a decision STEP 170. Thus, following
STEP 168 the first MAC packet of the new modulation will be
mapped into the new TC/PHY packet 700 following an MTG
306, 306'. After STEP 168 the method proceeds to STEP 164
where the method returns to STEP 150 to obtain another
MAC packet as described above. The next MAC packet will
be transmitted using a new modulation scheme.

At the decision STEP 170, the inventive method deter-
mines whether there was a change of CPE on the uplink. If so,
the method proceeds to a STEP 172 to obtain a new TC/PHY
packet 700 following a CTG 408, 408', 408", if not, the
method proceeds to a STEP 174. Thus, at STEP 172 the first
MAC packet ofthe next CPE 1s mapped into thenew TC/PHY
packet 700 following a CTG 408, 408', and 408". After STEP
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172 the method proceeds to STEP 16 where the method
returns to STEP 150 to obtain another MAC packet that will
be 1n the new CPE. At STEP 174, the method maps the next
MAC packet, 1t one exists, within the present TC/PHY packet
700. The method then returns to decision STEP 152 and
functions as described above.
ATM Convergence Sub-process and Segmentation and Reas-
sembly (SAR) Process

As described above with reference to FIG. 3, the present
invention preferably uses a layered architecture to transport
data in a wireless communication system. Architecturally, the
MAC can be viewed as having at least an “agnostic” layer and
a “convergence” layer. The agnostic layer can transport both
fixed and vaniable length packets without having knowledge
of the data type that the packets represent. The convergence
layer adapts packet formats of a specific protocol to the
agnostic MAC {format. Referring again to FIG. 5, for
example, the LL-MAA 504 provides the agnostic layer of the
wireless MAC, while the ATM convergence subprocess
adapts an ATM packet format to the agnostic MAC format. As
1s well known 1n the communications art, ATM defines adap-

tation layers for converting from data packet formats to ATM

“cell” formats. For example, two such well known ATM
adaptation layers are the AAL-1 and AAL-5 adaptation lay-
ers. The data packets are segmented 1nto fixed-length ATM
cells at the transmit side of communications, and are reas-
sembled back into data packets at the receive side. This pro-
cess 1s known as Segmentation and Reassembly (SAR). The
AAL-S5 ATM adaptation layer defines one such process,
which 1s shown diagrammatically in FIG. 12.

FIG. 12 shows one exemplary conversion of MAC data
packets 600" into ATM cells 1202 for ATM data transportation
and synchronization 1n accordance with the present mven-
tion. In the example shown, the conversion of MAC data
packets 600' to ATM cells 1202 1s performed by the AAL-3
ATM adaptation layer and the SAR processes. As shown in
FIG. 12, each ATM cell 1202 comprises an ATM header 1204
and a fixed-length payload 1206. The fixed-length payload
1206 of each ATM cell comprises 48 bytes of data. The ATM
header 1204 1s typically 5 bytes long. However, in some
wireless systems, the last byte of the ATM header 1204 1s
removed. Thus, the header may optlonally be 4 or 5 bytes 1n
length. In either case, the header 1204 1s always the same
length for every ATM cell 1202 that 1s transported within the
system.

The AAL-5 SAR process imtroduces overhead known as an
“ATM cell tax”. The ATM cell tax amounts to approximately
10% overhead. The AAL-S process adds an additional over-
head resulting from the necessity to align packet boundaries

to ATM cell boundaries. The alignment 1s performed using
the padding field 1208 and trailer ficld 1210 1n the last ATM
cell 1202. This overhead 1s called the ATM trailer overhead.
The ATM trailer overhead on the average 1s approximately 26
bytes per packet. The AAL-5 and the SAR processes are
described in more detail 1n the publicly available ITU-T 363.5
recommendation, and therefore are not described in more
detail herein.
Data Transportation and Synchronization Technique when
Transporting ATM Cells

As described above with reference to FIG. 11, the present
invention eificiently transmits data in a wireless communica-
tion system by synchronizing variable length MAC packets to
TC/PHY packets. This section describes an inventive method
for synchronizing to fixed-length ATM cell boundaries and
for protecting against the possible misinsertion of ATM cells.
As described above, the present invention advantageously
rapidly synchronizes to subsequent data messages when a




US RE42,788 E

19

data message header 1s lost or corrupted during transmission.
Rapid synchronization 1s established by scanning the header
present fields of the incoming TC/PHY packets. When trans-
porting ATM cells using the present data transportation and
synchronization invention, rapid synchromization can be
established by discarding ATM cells that have uncorrectable
errors. This synchronization technique protects against the
potential misinsertion of ATM cells because 1t protects
against errors occurring 1n the AITM headers. The mventive
ATM data transportation and synchronization technique 1s
now described 1n more detail with reference to FI1G. 13.

FIG. 13 shows the packet format 1300 that 1s used by the
present invention for the transportation and synchronization
of ATM cells. As described above, ATM cells comprise fixed-
length packets having data payloads of 48 bytes 1n length. As
shown 1n FIG. 13, the ATM data 712' and 712" 1s transported
in accordance with the present mnvention using two TC/PHY
packets 700" and 700" (described 1n more detail above with
reference to FI1G. 7). More specifically, and as shown in FIG.
13, approximately one-half (22 bytes of ATM cell data) of an
ATM cell 1202 (FI1G. 12) 1s transported 1n a first TC/PHY
packet 700', and the remaining portion (remaining 26 bytes of
ATM cell data) 712" 1s transported 1 a second TC/PHY
packet 700". As described above with reference to FI1G. 7, the
TC/PHY packet (or ““TC Data Unit”) 700 provides a mecha-
nism for mapping MAC packets to PHY elements. The TDU
700 1includes a TC header 702 field, a data payload field 712,
and a TC CRC field 710. These fields are described in detail
above with reference to FIG. 7.

In addition to these fields, the first TDU 700" of the inven-
tive packet format 1300 shown 1n FIG. 13 also includes an
ATM-MAC header 1302. Significantly, the ATM header
information 1s contained 1n only the first TDU 700'. No ATM
header information 1s carried by the second TDU 700". The
MAC header 1302 includes a number of pre-defined fields.
These fields include the EH field 1308, the PC/PM field 1310,
a reserved field 1312, a V(I field 1314, 1316, 1322, a “frag”
field 1320, and a PLP field 1320. The EH and the PC/PM
fields 1308, 1310, respectively are provided by the wireless
system. The PC/PM field 1310 1s used for power control
purposes. The V(I fields are standard ATM routing informa-
tion tag. The “frag™ field 1320 1s an ATM PTI (payload type
indicator) field. The PLP field 1320 1s used to indicate packet
loss priority. The functions and details of the ATM fields
shown 1n FIG. 13 are well known in the communications art
and therefore are not described 1n more detail herein.

As shown 1n FIG. 13, the ATM packet format 1300 may
also include two forward error correction (FEC) fields 1304
and 1306. The FEC field can be used to detect and protect
against errors in the ATM cell. The FEC fields 1304, 1306 are
provided by the physical layer of the layered data transport
architecture. ATM headers used 1n other wireless communi-
cation systems typically comprise 4 bytes of information,
protected by one byte of CRC referred to as the HEC (Header
Error Check) byte. Therefore, the ATM headers used by other
wireless communication systems typically comprise 5 bytes.
If the HEC detects an error 1in the ATM header, the previous
wireless systems typically discard the entire ATM cell (1.e.,
the entire 48 bytes of ATM cell data are discarded by the
system). However, as shown in FIG. 13, the present invention
uses the TC CRC 710 and the FEC 1304 fields to detect and
correct errors 1n the ATM header field 1302 and 1n the ATM
data payload fields 712" and 712". This renders the HEC field
redundant and therefore it 1s not transported in the present
data transportation system.

In accordance with the present inventive ATM data trans-
portation and synchronization method and apparatus, if an
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uncorrectable error 1s detected 1n the first TDU 700, the entire
ATM cell 1s discarded by discarding both the first and second
TDUs 700', 700". Both TDUs are discarded because the
uncorrectable error can cause irreparable damage to the ATM
header 1302, and therefore detrimentally affect the insertion
(by higher layers of the MAC) of the ATM cell into the MAC
variable length packet. More specifically, if an uncorrectable
error occurs 1n the ATM-MAC header 1302, the entire ATM
cell may be erroneously inserted into the wrong MAC packet.
The discarding of the entire ATM cell upon detection of
uncorrectable errors by the CRC and FEC fields 1n the first
TDU 700 1s stmilar to the action taken in the prior art wireless
systems when the HEC byte detects errors 1n the ATM header.
However, significantly, the present inventive method and
apparatus only discards the entire ATM cell (1.e., both the
TDU 700" and TDU 700") when an uncorrectable error 1s
detected 1n the first TDU 700'. It does not take any discard
action 11 an uncorrectable error 1s detected 1n the second TDU
700". Rather, if an uncorrectable error 1s detected in the
second TDU 700", the error 1s noted, and both TDUs 700",
700" (1.e., the entire ATM cell) are passed to the higher com-
munication layers for processing.

The present ATM data transportation and synchronization
method and apparatus protects against errors occurring in the

ATM headers because AT M headers are always transmitted in

the first TDU 700'. No ATM .

header information 1s transmitted
in the second TDU 700", and therefore the second TDU 700"
can be passed to the higher communication layers without
risking the misinsertion of ATM cells. The level of protection
of the ATM header information provided by the present inven-
tion 1s better than the protection provided by the prior art use
of the HEC field. The CRC and FEC fields protects against
errors on the order of 10~' in the presence of physical layer
bit error rates of 107>, Errors that occur in the second TDU
700" may be detected (and possibly corrected) by the higher
communication layers such as the AAL-5 adaptation layer.
The methods used by the higher communication layers to
detect and correct these errors are well known and therefore
are not described herein.

FIG. 14 shows a flowchart of the present inventive ATM
data synchronization and error detection method. As shown in
FIG. 14, the present mnventive method 1400 starts at an 1ni-
tialization STEP 1402 and proceeds to a STEP 1404 whereat
the first TC/PHY packet, or TDU, 1s obtained. For example,
the TDU 700" of FIG. 13 15 obtained during the STEP 1404.
The method then proceeds to a STEP 1406 whereat a deter-
mination 1s made as to whether an uncorrectable error exists
in the first TDU 700'. As described above with reference to
FIG. 13, this determination may be made by using the TC
CRC 710, or by using the FEC 1304, or the two may be used
in combination. If either the CRC field 710, or the FEC field
1304, or both fields, indicate that there 1s an error, then an
error condition exists. Those of ordinary skill in the commu-
nications art shall appreciate that other means for determining,
whether an uncorrectable error exists in the first TDU 700" can
be used without departing from the spirit or scope of the
present invention. Referring again to FIG. 14, the method
proceeds to a decision STEP 1408. If an uncorrectable error 1s
present in the first TDU 700, the method proceeds to a STEP
1410. Otherwise, the method proceeds to a STEP 1412.

Atthe STEP 1410, the inventive method discards the entire
ATM cell when uncorrectable errors are found in the first
TDU. The entire ATM cell 1s discarded by discarding both the
first TDU 700'. and the second TDU 700". The method then
returns to the STEP 1404 to obtain the next first TDU. As
described above with reference to FIG. 13, this approach
advantageously protects against errors 1n the ATM header
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because the ATM header 1s always carried 1n the first TDU
700'. As a consequence, the present mnvention also protects

against the erroneous insertion of ATM cells.

If no uncorrectable error 1s found 1n the first TDU 700" at
the STEP 1408, the method then proceeds to STEPs 1412 and
1414 to obtain the second TDU 700" and determine whether
an uncorrectable error exists in the second TDU 700", As
described above with reference to FIG. 13, the second TDU
700" contains a second half of an ATM cell (26 bytes of ATM
data). Similar to the detection method used 1n the STEPS
1406 and 1408, errors are detected using the second TDU’s
TC CRC 710 and FEC 1306 fields described above with
reference to FIG. 13. I an uncorrectable error 1s found to be
present 1n the second TDU 700" at the STEP 1414, the
method proceeds to a STEP 1416 whereat no discard action 1s
taken. Rather, at the STEP 1414, the method simply notes the
error that is present in the second TDU 700". The method then
passes the ATM cell (i.e., it passes both the first and second
TDUs, 700" and 700", respectively) through to the higher
communication layers of the MAC. As described above,
errors 1n the second TDU 700" may be detected by the higher
MAC communication layers (such as, for example, the
AAL-S adaptation layer). Once the error 1s noted at the STEP
1416, the method returns to the STEP 1404 whereat a next
first TDU 1s obtained. As shown 1n FIG. 14, 1f an uncorrect-
able error 1s not present 1n the second TDU 700", the method
simply passes the ATM cell (both the first and second TDUs)
through to the higher communication layers at a STEP 1418,
betfore returning to the STEP 1404.

Summary

In summary, the data transportation and synchromzation
method and apparatus of the present invention includes a
powerful, highly efficient means for transporting and syn-
chronizing data in a wireless communication system. The
present data transportation and synchronization method and
apparatus uses a combination of data formats and a data
transportation technique to efficiently transport data in a com-
munication system. Advantageously, the present invention
rapidly synchronizes layers when a loss of data occurs. This
rapid synchronization prevents data loss of more than one
MAC message upon the re-establishment of the data or air
link. In addition, multiple MAC packets are preferably
mapped to concatenate multiple TC/PHY packets 700 using
the inventive technique.

An mventive method and apparatus for transporting and
synchronizing to fixed-length ATM cell boundaries and for
protecting against the potential misinsertion of ATM cells has
been described. An inventive ATM packet format 1s
described. The ATM packet format 1s used by the present
invention for the transportation and synchronization of ATM
cells. The ATM packets include TC CRC and FEC fields that
are used to detect errors occurring within each ATM cell. In
accordance with the present invention, ATM cells are trans-
ported 1n exactly two TC/PHY packets, or TDUSs. The first
TDU includes an ATM-MAC header. Significantly, the ATM
header information 1s contained 1n the first TDU only. No
ATM header information 1s carried by the second TDU. In
accordance with the present invention, an entire ATM cell 1s
discarded 1f an uncorrectable error 1s detected in the first
TDU. If no uncorrectable error occurs 1n the first TDU, the
second TDU 1s checked for errors. If an undetectable error
exi1sts 1n the second TDU, no discard action 1s taken. The error
1s noted, and both TDUs are passed through to the higher
MAC communication layers. The mnventive method protects
against errors occurring in the ATM header because the ATM
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header 1s always carried in the first TDU. Consequently,
misinsertion of ATM cells 1s also prevented.

A number of embodiments of the present invention have
been described. Nevertheless, 1t will be understood that vari-
ous modifications may be made without departing from the
spirit and scope of the present mmvention. For example,
although the present inventive method and apparatus has been
described above as being used 1n a TDD wireless communi-
cation system, 1t 1s just as readily adapted for use in an FDD
wireless communication system. Furthermore, the present
inventive method and apparatus can be used in virtually any
type of communication system. Its use 1s not limited to a
wireless communication system. One such example 1s use of
the invention 1n a satellite communication system. In such a
communication system, satellites replace the base stations
described above. In addition, the CPEs would no longer be
situated at fixed distances from the satellites. Alternatively,
the present invention can be used 1n a wired communication
system. The only difference between the wired system and the
wireless system described above 1s that the channel charac-
teristics vary between the two. However, the data transporta-
tion and synchromization do not change as between the two
types of systems. Accordingly, 1t 1s to be understood that the
invention 1s not to be limited by the specific i1llustrated
embodiment, but only by the scope of the appended claims.

What 1s claimed 1s:

1. A method of synchronizing and transporting data in a
wireless communication system, wherein the wireless com-
munication system includes a plurality of customer premise
equipment (CPE) 1n communication with associated and cor-
responding base stations, and wherein the base stations main-
tain uplink and downlink sub-frame maps representative of
bandwidth allocations in uplink and downlink communica-
tion links, and wherein the base stations each include an
associated and corresponding media access control (MAC)
having a plurality of MAC data messages, and wherein the
MAC transports a MAC data message through a MAC data
packet that 1s mapped to at least one Transmission Conver-
gence Data Unit (TDU) 1n a layered data transport architec-
ture, and wherein the data includes ATM cell data configured
into at least one ATM cell, the method comprising the steps
of:

(a) obtaining a first Transmission Convergence Data Unit
(TDU), wherein the first TDU 1includes an ATM header
for a selected ATM cell, and wherein the first TDU
includes ATM data bytes of the selected ATM cell;

(b) determining whether an uncorrectable data error 1s
present 1n the first TDU obtained 1n step (a);

(c) obtamning a second TDU, wherein the second TDU
includes remaining data bytes of the selected ATM cell;

(d) determining whether an uncorrectable data error 1s
present 1n the second TDU obtained in step (¢);

(e) discarding the entire selected ATM cell by discarding
both the first and second TDUs 1f an uncorrectable data
error 1s found 1n the first TDU, and then returming to step
(a) to obtain a next selected AT M cell, else proceeding to
step (1):

(1) noting that an error condition exists 1f an uncorrectable
data error 1s found in the second TDU obtained in step
(c); and

(g) passing the entire selected ATM cell to high level com-
munication layers of the MAC and returning to step (a)
to obtain a next selected ATM cell.

2. The method of synchronizing and transporting data of
claim 1, wherein the MAC data packets are segmented into
fixed-length ATM cells for transportation in the wireless com-
munication system.
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3. The method of synchronizing and transporting data of
claim 2, wherein the MAC data packets are segmented into
fixed length ATM cells upon transmission and reassembled
into MAC data packets upon reception 1n accordance with a
pre-defined Segmentation and Reassembly (SAR) process.

4. The method of synchronizing and transporting data of
claim 3, wherein the MAC data packets are segmented 1n
accordance with an ATM adaptation layer, and wherein the
ATM adaptation layer 1s an AAL-5 ATM adaptation layer.

5. The method of synchronizing and transporting data of
claiam 1, wherein the MAC data packets comprise a MAC
header and a MAC payload having a length of n baits.

6. The method of synchromizing and transporting data of
claim 1, wherein the length of n bits 1s vanable.

7. The method of synchronizing and transporting data of
claim 1, wherein the length of n bats 1s fixed.

8. The method of synchronizing and transporting data of
claim 5, wherein the MAC header further comprises a frag-
mentation control field, and wherein the fragmentation con-
trol field contains information regarding fragmentation of the
MAC data message.

9. The method of synchronizing and transporting data of
claim 5, wherein the first and the second TDUs comprise:

(a) a TC/PHY payload; and

(b) a TC/PHY header, further comprising a header present

field, and wherein the header present field 1s set to a
logical one when a MAC header 1s present within the
TC/PHY payload.

10. The method of synchronizing and transporting data of
claim 2, wherein the ATM cells each include an associated
ATM header and an associated fixed-length ATM cell data
payload.

11. The method of synchronizing and transporting data of
claim 10, wherein the ATM cell data payload comprises 48
bytes of ATM cell data.

12. The method of synchronizing and transporting data of
claim 2, wherein the first and second TDUs each further
include an associated and respective TC CRC field and an
associated and respective Forward Error Correction (FEC)
field.

13. The method of synchronizing and transporting data of
claim 12, wherein the CRC and FEC fields are used during the
steps (b) and (d) to detect uncorrectable data errors in the
selected ATM cell.

14. An apparatus for synchronizing and transporting data in
a wireless communication system, wherein the wireless com-
munication system includes a plurality of customer premise
equipment (CPE) 1n communication with associated and cor-
responding base stations, and wherein the base stations main-
tain uplink and downlink sub-frame maps representative of
bandwidth allocations in uplink and downlink communica-
tion links, and wherein the base stations each include an
associated and corresponding media access control (MAC)
having a plurality of MAC data messages, and wherein the
MAC transports a MAC data message through a MAC data
packet that 1s mapped to at least one Transmission Conver-
gence Data Unit (TDU) 1n a layered data transport architec-
ture, and wherein the data includes ATM cell data configured
into at least one ATM cell, comprising:

(a) means for obtaining first and second Transmission Con-

vergence Data Units (TDUs), wherein the first TDU
includes an ATM header for a selected ATM cell, and
wherein the TDUs include ATM data bytes of the
selected ATM cell:;

(b) means for determining whether uncorrectable data
errors are present 1n the first or second TDUSs;
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(c) means, responsive to the determining means, for dis-
carding the entire selected ATM cell 1f an uncorrectable
error 1s found i1n the first TDU; and

(d) means, responsive to the determining means, for noting
that an error condition exists 1f an uncorrectable data
error 1s found only 1n the second TDU, and for passing

the entire selected ATM cell to higher level communi-
cation layers of the MAC.

15. The apparatus for synchronizing and transporting data
of claim 14, wherein the MAC data packets are segmented
into fixed-length ATM cells for transportation in the wireless
communication system.

16. The apparatus for synchronizing and transporting data
of claim 135, wherein the MAC data packets are segmented
into fixed length ATM cells upon transmission and reas-
sembled into MAC data packets upon reception in accordance
with a pre-defined Segmentation and Reassembly (SAR) pro-
CEeSS.

17. The apparatus for synchronizing and transporting data
of claim 16, wherein the MAC data packets are segmented 1n
accordance with an ATM adaptation layer, and wherein the
ATM adaptation layer 1s an AAL-5 ATM adaptation layer.

18. The apparatus for synchronizing and transporting data
of claim 14, wherein the MAC data packets comprise a MAC
header and a MAC payload having a length of n baits.

19. The apparatus for synchronizing and transporting data
of claim 14, wherein the means for obtaining the first and
second TDUs comprises means for mapping the MAC data
packets into Transmission Convergence Data Units.

20. The apparatus for synchronizing and transporting data
of claim 19, wherein the mapping means comprises a com-
puter program executable on a computing device.

21. The apparatus for synchronizing and transporting data
of claim 14, wherein the first and second TDUSs each further
include associated and respective TC CRC and Forward Error
Correction (FEC) fields, and wherein the means for determin-
ing whether uncorrectable data errors are present in the first or
second TDUs comprises a computer program, executable on
a computing device, and adapted to process the TC CRC and
FEC fields.

22. [A] Ar article of manufacture comprising a non-tran-
sitory computer-readable medium having stored thereon a
computer program executable on a computing device,
wherein the program 1s capable of synchronizing and trans-
porting data 1 a wireless communication system, and
wherein the wireless communication system 1ncludes a plu-
rality of customer premise equipment (CPE) 1n communica-
tion with associated and corresponding base stations, and
wherein the base stations maintain uplink and downlink sub-
frame maps representative of bandwidth allocations 1n uplink
and downlink communication links, and wherein the base
stations each include an associated and corresponding media
access control (MAC) having a plurality of MAC data mes-
sages, and wherein the MAC transports a MAC data message
through a MAC data packet that 1s mapped to at least one
Transmission Convergence Data Unit (TDU) 1n alayered data
transport architecture, and wherein the data includes ATM
cell data configured into at least one ATM cell, [comprising}
the non-transitory computer-readable medium having stored
thereon the computer program that comprises:

(a) a first set of instructions for obtaining a MAC data

packet;

(b) a second set of instructions for mapping the MAC data

packet mto a plurality of Transmission Convergence
Data Units (ITDUs), wherein the TDUSs each include

ATM cell data;
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(c) a third set of instructions for selecting an ATM cell
comprising a first and a second TDU, and for obtaining
the first TDU, wherein the first TDU includes an ATM
header for the selected ATM cell, and wherein the first
TDU also includes ATM data bytes of the selected ATM
cell;

(d) a fourth set of instructions for obtaining the second
TDU, wherein the second TDU includes remaining data
bytes of the selected ATM cell;

(e) a fifth set of 1nstructions for determining whether an
uncorrectable data error 1s present 1n the first TDU, and
for discarding the selected ATM cell 1f an uncorrectable
data error 1s present in the first TDU;

(1) a sixth set of instructions for determining whether an
uncorrectable data error 1s present 1n the second TDU,
and for noting that an error condition exists 11 an uncor-
rectable data error 1s present 1n the second TDU; and

(g) a seventh set of mstructions for passing the selected
ATM cell to higher level communication levels of the
MAC.

23. The [computer program] article of manufacture of
claim 22, wherein the first and second TDUs each further
include an associated and respective TC CRC field and an
associated and respective Forward Error Correction (FEC)
field.

24. The [computer program] article of manufacture of
claim 23, wherein the CRC and FEC fields are used 1n deter-
miming whether uncorrectable data errors are present 1n the
selected ATM cell.

25. A method of re-synchronizing the transportation of
ATM data 1n a wireless communication system, wherein the
wireless communication system includes a plurality of cus-
tomer premise equipment (CPE) i communication with
associated and corresponding base stations having uplink and
downlink commumnication links with the plurality of CPEs,
and wherein the base stations maintain uplink and downlink
sub-frame maps representative of bandwidth allocations 1n
the uplink and downlink communication links, and wherein
the base stations each include an associated and correspond-
ing media access control (MAC) having a plurality of MAC
data messages, and wherein the MAC transports a MAC data
message through a MAC data packet that 1s mapped to at least
one Transmission Convergence Data Umt (TDU) 1n a layered
data transport architecture wherein each TDU includes ATM
data bytes for transportation in the wireless communication
system, and wherein each TDU further includes a header
present field, and wherein at least one of the commumnication
links may be intermittently disrupted during data transmis-
s1on, the method comprising the steps of:

(a) detecting a disruption of a communication link during

transmission of ATM data;

(b) reestablishing the communication link that was
detected as disrupted at step (a);

(c) recerving a TDU:;

(d) detecting the header present field of the TDU recerved
at step (¢), and 11 the header present field indicates that a
header 1s present, proceeding to step (e), else returning
to step (c¢); and

(¢) resuming data transmission on the disrupted communi-
cation link, wherein at most only one MAC data message
1s lost after reestablishing the communication link 1n
step (b).

26. A method of re-synchronizing the transportation of
ATM data 1n a wireless communication system, wherein the
wireless communication system includes a plurality of cus-
tomer premise equipment (CPE) i communication with
associated and corresponding base stations having uplink and

26

downlink communication links with the plurality of CPEs,
and wherein the base stations maintain uplink and downlink
sub-frame maps representative of bandwidth allocations 1n
the uplink and downlink communication links, and wherein
5 the base stations each include an associated and correspond-
ing media access control (MAC) having a plurality of MAC
data messages, and wherein the MAC transports a MAC data
message through a MAC data packet that 1s mapped to at least
one Transmission Convergence Data Unit (TDU) 1n a layered
data transport architecture wherein each TDU includes ATM
data bytes for transportation in the wireless communication
system, and wherein at least one of the communication links
may be intermittently disrupted during data transmission, the
method comprising the steps of:
(a) detecting a disruption of a communication link during
transmission of ATM data;
(b) reestablishing the communication link that was
detected as disrupted at step (a);
(¢) recerving a first TDU of a selected ATM cell;

(d) determining whether an uncorrectable error 1s present
in the first TDU, and discarding the selected ATM cell 1f
an uncorrectable error 1s present 1n the first TDU; and

(¢) resuming data transmission on the disrupted communi-
cation link, wherein at most only one MAC datamessage
1s lost after reestablishing the communication link 1n
step (b).

27. A system, cOmprising.

a plurality of subscriber stations; and

equipment to communicate with said subscriber stations
over uplink and downlink portions of a communication
channel to transmit information between said sub-
scriber stations and an asynchronous transfer mode
(ATM) network, said equipment being adapted to trans-
port one or more media access control (MAC) data
messages through a MAC data packet that is mapped to
at least one transmission convergence data unit (1DU)
in a layvered data transport architecture, whevein said at
least one TDU includes ATM data bytes for transmission
in said communication channel, said equipment being
further adapted to:

detect a disruption of a communication link during trans-
mission of ATM data;

reestablish said disvupted communication link;

receive a TDU of an ATM cell;

discard the ATM cell in response to a presence of an uncor-
rectable errvor in the TDU ; and

resume data transmission on the reestablished communi-
cation link.

28. The system of claim 27, wherein said equipment is

50 further adapted to maintain uplink and downlink sub-frame

maps representative of bandwidth allocation in said uplink
and downlink portions.

29. The system of claim 27, wherein said equipment is
further adapted to combine ATM cells in a MAC packet for

55 transmission over said communication channel.

30. The system of claim 27, wherein said equipment is
further adapted to segment portions of a MAC packet into
ATM cells for transmission in said ATM network.

31. The system of claim 27, wherein said at least one TDU

60 furtherincludes a cyclic redundancy code field and a forward

error correction field.

32. A system, comprising.

a plurality of subscriber stations; and

equipment to communicate with a plurality of subscriber
stations over uplink and downlink portions of a commu-
nication channel to transmit information between said
subscriber stations and an asynchronous transfer mode
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(ATM) network, said equipment being adapted to trans-
port one or more media access control (MAC) data
messages through a MAC data packet that is mapped to
at least one transmission convergence data unit (I'DU)
in a lavered data transport architecture, wherein said at
least one TDU includes ATM data bytes for transmission
in said communication channel, said equipment being
further adapted to.

discard first and second TDUs of an ATM cell and obtain a

next ATM cell, in response to detection of an uncorrect-
able data error in the first TDU; and

note that an errorv condition exists and pass the ATM cell to

a higher level MAC communication layer, in vesponse to
detection of an uncorrvectable data evvor in the second
TDU and in an absence of detection of an uncorrectable
data ervor in the first TDU.

33. The system of claim 32, wherein said equipment is
further adapted to maintain uplink and downlink sub-frame
maps representative of bandwidth allocation in said uplink
and downlink portions.

34. The system of claim 32, wherein said equipment is
further adapted to combine ATM cells in a MAC packet for
transmission over said communication channel.

35. The system of claim 32, wherein said equipment is
further adapted to segment portions of a MAC packet into
ATM cells for transmission in said ATM network.

36. The system of claim 32, wherein said at least one TDU
further includes a cyclic redundancy code field and a forward
error correction field.

37. An apparatus, comprising.

equipment to communicate with a plurality of subscriber

stations over uplink and downlink portions of a commu-
nication channel to transmit information between said
subscriber stations and an asynchronous transfer mode
(ATM) network, said equipment being adapted to trans-
port one or more media access contrvol (MAC) data
messages through a MAC data packet that is mapped to
at least one transmission convergence data unit (1DU)
in a lavered data transport architecture, wherein said at
least one TDU includes ATM data bytes for transmission
in said communication channel, said equipment being
further adapted to:

discard first and second TDUs of an ATM cell and obtain a

next ATM cell, in response to detection of an uncorrect-
able data error in the first TDU; and

note that an error condition exists and pass the ATM cell to

higher level MAC communication layer, in response to
detection of an uncorrectable data ervror in the second
IDU and in an absence of detection of an uncorrectable
data ervrvor in the first TDU.

38. The apparatus of claim 37, wherein said equipment is
further adapted to maintain uplink and downlink sub-frame
maps representative of bandwidth allocation in said uplink
and downlink portions.

39. The apparatus of claim 37, wherein said equipment is
further adapted to combine ATM cells in a MAC packet for
transmission over said communication channel.

40. The apparatus of claim 37, wherein said equipment is
further adapted to segment portions of a MAC packet into
ATM cells for transmission in said ATM network.

41. The apparatus of claim 37, wherein said at least one
TDU further includes a cyclic redundancy code field and a
Jorward error correction field.

42. An apparatus, comprising.

equipment to communicate with a plurality of subscriber

stations over uplink and downlink portions of a commu-
nication channel to transmit information between said

28

subscriber stations and an asynchronous transfer mode
(ATM) network, said equipment being adapted to trans-
port one or more media access control (MAC) data
messages through a MAC data packet that is mapped to

5 at least one transmission convergence data unit (1DU)

in a lavered data transport architecture, whevein said at
least one TDU includes ATM data bytes for transmission
in said communication channel, said equipment being
further adapted to.

10 detect a disruption of a communication link during trans-

mission of ATM data;

reestablish said disrupted communication link;

receive a TDU of an ATM cell;

discard the ATM cell in response to a presence of an uncor-

15 rectable errov in the TDU; and

resume data transmission on the reestablished communi-

cation link.

43. The apparatus of claim 42, wherein said equipment is
further adapted to maintain uplink and downlink sub-frame

20 maps representative of bandwidth allocation in said uplink
and downlink portions.

44. The system of claim 42, wherein said equipment is
further adapted to combine ATM cells in a MAC packet for
transmission over said communication channel.

25 45. The system of claim 42, whervein said equipment is
further adapted to segment portions of a MAC packet into
ATM cells for transmission in said ATM network.

46. The system of claim 42, wherein said at least one TDU
further includes a cyclic redundancy code field and a forward

30 error correction field.

47. The system of claim 27, wherein at most only one MAC
data message is lost after reestablishing the communication
link.

48. The system of claim 27, further comprising a commu-

35 nication hub connected to said equipment, said communica-
tion hub including an ATM switch to provide at least one ATM
service to one or more of said subscriber stations, said at least
one ATM service being selected from a group of services
consisting of a video service, a voice service, and a data

40 service.

49. The system of claim 32, further comprising a commu-
nication hub connected to said equipment, said communica-
tion hub including an ATM switch to provide at least one ATM
service to one or move of said subscriber stations, said at least

45 one ATM service being selected from a group of services
consisting of a video service, a voice service, and a data
service.

50. The apparatus of claim 42, wherein at most only one
MAC data message is lost after veestablishing the communi-

50 cation link.

51. A method, comprising:

communicating with a plurality of subscriber stations over

uplink and downlink portions of a communication chan-
nel to transmit information between said subscriber sta-

55 tions and an asynchronous transfer mode (ATM) net-

work, said communicating including transporting one
or more media access control (MAC) data messages
through a MAC data packet that is mapped to at least one
transmission convergence data unit (1DU) in a layered

60 data transport architecture, whervein said at least one

IDU includes ATM data bytes for transmission in said
communication channel;

discarding first and second TDUs of an ATM cell and

obtain a next ATM cell, in response to detection of an

65 uncorrectable data error in the first TDU; and

noting that an errvor condition exists and passing the ATM

cell to higher level MAC communication layer, in
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response to detection of an uncorrvectable data error in 59. The method of claim 56, further comprising segmenting
the second TDU and in an absence of detection of an portions of a MAC packet into ATM cells for transmission in
uncorrectable data error in the first TDU. said ATM network.
52. The method of claim 51, further comprising maintain- 60. The method of claim 56, wherein said at least one TDU
ing uplink and downlink sub-frame maps representative of 5 Jfurtherincludes a cyclic redundancy code field and a forward
bandwidth allocation in said uplink and downlink portions. error correction field.

61. An apparatus, comprising.
equipment to communicate with a plurality of subscriber
stations over uplink and downlink portions of a commu-
10 nication channel to transmit information between said
subscriber stations and an asynchronous transfer mode
(ATM) network, said equipment being adapted to trans-
port one or more media access control (MAC) data
messages through a MAC data packet that is mapped to
15 at least one transmission convergence data unit (I'DU)
in a layered data transport architecture, wherein said at
least one TDU includes ATM data bytes for transmission
in said communication channel, said equipment includ-
- . . . ing:
niel to transmit information between said subscriber sta- .0 meafs for discarding first and second TDUs of an ATM cell
tions and an asynchronous transfer mode (ATM) net- . .
work, said communicating including transporting one a‘ndf or oblaining a next AIM cell, L TESpOnSe (o detec-
’ tion of an uncorrvectable data evror in the first TDU,; and

or more media access control (MAC) data messages - Jis . r
through a MAC data packet that is mapped to at least one means for noting that an error condition exists and for
passing the ATM cell to higher level MAC communica-

transmission convergence data unit (I'DU) in a layered . . .
S (1DU) Y 25 tion layer, in vesponse to detection of an uncorrectable

data transport architecture, whervein said at least one data ervor in the second TDU and in an absence of
IDU includes ATM data bytes for transmission in said . .
communication chanmel- detection of an uncorrectable data error in the first TDU.
. . . ’ L . . 62. The apparatus of claim 61, wherein said equipment is
detecting a disruption of a communication link during PP f . N A
transmission of ATM data; further adapted to maintain uplink and downlink sub-frame
voestablishine said disvunte d communication link- 30 maps representative of bandwidth allocation in said uplink
. s F ’ and downlink portions.
receiving a TDU of an ATM cell; . L . .
discarding the ATM cell in response to a presence of an 63. The apparatus of claim 61, wherein said equipment is
o corroctable ervor in the TDU- and further adapted to combine ATM cells in a MAC packet for
. . ’ . transmission over said communication channel.
resuming data transmission on the reestablished commu- . . . . .
35  64. The apparatus of claim 61, wherein said equipment is

nication link.
. - Lo further adapted to segment portions of a MAC packet into
57. The method of claim 56, further comprising maintain- ATM cells for transmission in said ATM network

ing uplink and downlink sub-frame maps representative of 65. The apparatus of claim 61, wherein said at least one

bandwidth allocation misaxd uplink and down{mkp ortions. IDU further includes a cyclic vedundancy code field and a
58. The method of claim 56, further comprising combining .
40 forward error corrvection field.

ATM cells in a MAC packet for transmission over said com-
munication channel. £ % % k%

53. The method of claim 51, further comprising combining
ATM cells in a MAC packet for transmission over said com-

munication channel.

54. The method of claim 51, further comprising segmenting

portions of a MAC packet into ATM cells for transmission in

said ATM networtk.
55. The method of claim 51, wherein said at least one TDU
further includes a cyclic vedundancy code field and a forward
error correction field.
56. A method, comprising:
communicating with a plurality of subscriber stations over
uplink and downlink portions of a communication chan-
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