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1 COMPLAINT
2 Plaintiffs Broadcom Corporation (“Broadcom*) and Atheros Communications, Inc.

3 {| (“Atheros”) (collectively, “Plaintiffs”) for their Complaint against Wi-LAN, Ine. (“Wi-LAN™)

4 || hereby demand a jury trial and allege as follows:

5 NATURE OF THE ACTION

6 1. This is an action for declaratory judgment of non-infringement, invalidity, and
7 || unenforceability of United States Patent No. 6,549,759 (the ““759 Patent™) pursuant to the

8 || Declaratory Judgment Act, 28 U.S.C. §§ 2201-02, and the Patent Laws of the United States, 35

9 [HUS.C. § 100 et seq., and for such other relief as the Court deems just and proper.
10 INTRADISTRICT ASSIGNMENT
11 2. This action includes patent-based declaratory judgment claims arising in connection with
12 |} conduct at least partially occurring in or directed to Santa Clara County. Moreover, Broadcom has
13 | substantial operations and facilities located in Sunnyvale, San Jose, and Santa Clara, California.
14 11 Atheros is headquartered in, and has substantial operations and facilities located in, Santa Clara
15 || County. Accordingly, assignment to the San Jose Division is appropriate.
16 PARTIES
17 3. Plaintiff Broadcom is a corporation organized and existing under the laws of the State of
18 || California and having its principal place of business at 5300 California Avenue, Irvine, California,
19 192617, and is doing business in this District.
20 4. Plaintiff Atheros is a corporation organized and existing under the laws of the State of
21 || Delaware and having its principal place of business at 5480 Great America Parkway, Santa Clara,
22 |{ California, 95054-3644, and is doing business in this District.
23 5. On information and belief, defendant Wi-LAN, Inc., is a corporation organized and
24 | existing under the laws of Canada and having its principal place of business at 11 Holland Avenue,
25 || Suite 608, Ottawa, Ontario, Canada.
26 6. As alleged herein, Wi-LAN has engaged in various acts in and directed to California.

COMPLAINT -2-
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JURISDICTION AND VENUE

7. This Court has exclusive subject matter jurisdiction pursuant to 28 U.5.C. §§ 1331,
1338(a), 1367, 2201, and 2202, and the Patent Laws of the United States, 35 U.S.C. § 1, et seq.
Venue is proper in this judicial district pursuant to 28 U.S.C. §§ 1391 and 1400.

8. Wi-LAN purports to be the owner of all rights, title, and interest in and to the “759 Patent.
Wi-LAN has made statements and representations threatening to assert the 759 Patent against
Plaintiffs’ products used and/or designed for use in products with wireless capability. Furthermore,
Wi-LAN has confirmed its ability and willingness to file suit. Plaintiffs have produced and sold
products used and/or designed for use in products with wireless capability. Plaintiffs have not
infiinged and do not infringe, either directly or indirectly, any valid and enforceable claim of the
‘759 Patent, either literally or under the doctrine of equivalents, nor are they aware of any
infringement of the ‘759 Patent. A substantial controversy exists between the parties which is of
sufficient immediacy and reality to warrant declaratory relief,

9. This Court has personal jurisdiction over Wi-LAN. Wi-LAN has conducted business in
and directed to California, including pertaining to the “759 Patent, and has engaged in various acts in
and directed to California. Additionally, inventors and former assignees of the 759 Patent, and
attorneys responsible for the prosecution of the “759 Patent, are believed to be located in California.
Wi-LAN is in the business of asserting patent infringement claims and suing companies for patent
infringement. In connection with that business, Wi-LAN has targeted and met with companies in
Santa Clara county.

THE PATENT

10. The '759 patent is entitled “Asymmetric Adaptive Modulation in a Wireless
Communication System,” and bears an issuance date of April 15, 2003. A copy of the '759 patent is

attached hereto as Exhibit L.

COUNT I - DECLARATION OF NONINFRINGEMENT OF U.S. PATENT NO. 6,549,759

11. Plaintiffs repeat and reallege the allegations in paragraphs 1-10 as though fully set forth

COMPLAINT 3.
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herein.
12. Plaintiffs have not infringed and do not infringe, directly or indirectly, any valid and
enforceable claim of the '759 patent.

13. As a result of the acts described in the foregoing paragraphs, there exists a substantial

controversy of sufficient immediacy and reality to warrant the issuance of a declaratory judgment.
14. A judicial declaration is necessary and appropriate so that Plaintiffs may ascertain their

rights regarding the '759 patent.

COUNT II - DECLARATION OF INVALIDITY OF U.S. PATENT NO. 6,549,759

15. Plaintiffs repeat and reallege the allegations in paragraphs 1-14 as though fully set forth
herein.

16. The '759 patent js invalid for failure to meet the conditions of patentability and/or
otherwise comply with one or more of 35 U.S.C. §§ 100 ef seq., 101, 102, 103, 112 and 132.

17. As a result of the acts described in the foregoing paragraphs, there exists a substantial
controversy of sufficient immediacy and reality to warrant the issuance of a declaratory judgment.

18. A judicial declaration is necessary and appropriate so that Plaintiffs may ascertain their

rights regarding the '759 patent.

COUNT Il - DECLARATION OF UNENFORCEABILITY OF U.S. PATENT NO. 6,549,759

19. Plaintiffs repeat and reallege the allegations in paragraphs 1-18 as though filly set forth
herein.

20. On information and belief, individuals subject to the duty of candor under 37 CFR 1.56
(“Applicants”) engaged in inequitable conduct by withholdin g or misstating material information
with intent to deceive the USPTO in connection with prosecuting the '759 patent, rendering the '759
patent unenforceable.

21. On information and belicf, during prosecution of the 759 patent, Applicants were awarc

of prior art that they knew was material to patentability, including prior public disclosures material

COMPLAINT -
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to patentability that they deliberately failed to properly disclose to the USPTO with intent to deceive.

22 For example, on or around July 7, 2000, a document entitled “Media Access Control
Layer Proposal for the 802.16.1 Air Interface Specification” was submitted to the 802.16 MAC
Subgroup by Glen Sater, of Motorola, and Kenneth L. Stanwood, of Ensemble Corporation.
Kenneth L. Stanwood is a named inventor on the '759 patent.

23. Applicants' public disclosures, including those described above, were material to the
patentability of the application that issued as the '759 patent. Op information and belief, during
prosecution of the application that issued as the '759 patent, with intent to deceive the USPTO,
Applicants failed to disclose these public disclosures to the USPTO. Under Wi-LAN's improper and
incorrect apparent applications of the '759 patent's claims, these disclosures constitute prior art that
renders the claims of the '759 patent invalid under 35 U.S.C. §§ 102 and/or 103.

24. As a result of the acts described in the foregoing paragraphs, there exists a substantial
controversy of sufficient immediacy and reality to warrant the issuance of a declaratory judgment,

25. A judicial declaration is necessary and appropriate so that Plaintiffs may ascertain their
rights regarding the '759 patent.

PRAYER FOR RELIEF
WHEREFORE, Plaintiffs respectfully request that judgment be entered in favor of
Plaintiffs and pray that the Court grant the following relief to Plaintiffs:

A, A declaration that Plaintiffs, and each of them, have and has not infringed, either
directly or indirectly, any valid and enforceable claim of the 759 Patent;

B. A declaration that the claims of the 759 Patent are invalid;

C. A declaration that the ‘759 Patent is unenforceable:

D. An order declaring that Plaintiffs, and each of them, are prevailing parties and that
this is an exceptional case, awarding Plaintiffs, and each of them, their costs, expenses,
disbursements and reasonable attorney fees under 35 U.S.C. § 285 and all other applicable statutes,
rules and common law; and

E. Such other and further relief as this Court may deem just and proper.

COMPLAINT -5
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Plaintiffs hereby demand a trial by jury on all issues and claims so triable.

DATED: December 10, 2008

DATED: December 10, 2008
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az United States Patent

a0 Patent No.: US 6,549,759 B2

Arviv et al, 5y Date of Patent; Apr., 15, 2003
(54) ASYMMETRIC ADAPTIVE MODULATION FOREIGN PATENT DOCUMENTS
IN A WIRELESS COMMUNICATION
SYSTEM LEP 0507 384 A2 1071992
FP 0720405 A2 71996
(75) Inventors: Eli Arviv, Madicin (IL); Brian Spinar,  5p O o AT Lnees
San Diego, CA (US), Kenneth L. WO WO 9222162 12/1992
Stanwoed, Candiff by the Sca, CA wO WO 99/3R343 7/1999
(US); David Gazelle, San Dicgo, CA WO WO 99/39532 81999
(US);, Ofer Zimmerman, Modzin [sracl wO WO 00/01188 172000
IL); Pe ' Nevaty
GL Penny Keaim, Moshav Nevatim OTHER PUBLICATIONS
L Lin., et al, “Error Contrel Coding, Fundamentals and
(73)  Assigoee: g?csge;nlg;((lalsn)mnnicaﬂons, Ine., Sap Applications”, Prentice-Hall Computer Applications jo
v Electrical Engineering Series, 1993, pp. 315-349.
(*) Notice:  Subjoct 10 any disclaimer, the term of this ~ L.H. Charles Lec, “Convolutional Coding, Fundamentals
patent is extended or adjusted vnder 35 amd Applications™, Artech House, Tnc,, 1997, pp. 11-51.
U .S C. 154(b) by 0 days, Redl, et al,, “An Intraduction to GSM®, Artech Heuse, Tnc.,
1995, pp. 84, 85, and 95.
(21)  Appl. No.: 09/938,216 C.E, Shannon, “A Mathematical Theoty of Communica-
22) Filed: Aug. 24 2001 tion”, Bell System Technical Journal, pp. 379423 (Part 1),
(22) File ug. 24, 200 623-656 (Part, 1), Jul. 1948
(65) Prior Publication Data ) .
(List continued on next page.)
US 2003/0045307 A1l Mar. 6, 2003
dor 37 CFR 14 Primary Examiner—Vivian Chin
(Under 7 Assistant Examiner—Kamran Afshar
(51) Int. QL7 e, HOMB 1/00; HO4B 7000,  (74) Attorney, Agent, or Firm—Knobbe Martens Olson &
HO4L 1/38 Bear, LLP
(52)  US. Cl ccovvvvcnrnnvnnnnns 485/69; 455/552; 455/553;
3757222, 370347 ©D) ABSTRACT
(58) Fleld of Search ...coivevvenirennn 455/59, 552, 553, On embodiment of the system and method pfgvidgs s5ym-
435/102; 375/222, 334, 224, 285, 227, metric adaptive rodulation which allows nplink and down-
302; 370/347, 349 link subfcames of data to be transmitied between 8 base
station apd & CPE with different modulation sekemes, thus
(56) References Clted meressing the efficiency of downlink transrissions while
U.S. PATENT DOCUMENTS mainlaining {he stability of uplink trarsmissions. In systems
. - with multiple CPEs, cach CPE and basc station pair can
:‘332':?; i i’ig;g ;'g;r;;‘_:t ol. wmdependently select their uplink and downlink mocdulation
5130983 A 711992 Heffner, 111 technigues, The system and method are also adaptive o that
5,297,144 A 31994 Gilbed of al. they adpust the modulation schemes based on, for cxample,
5,420,851 A 5/1995 Scahadri ct al. signal 1o Boige ratio mersurcments or bit error rate regsure-
5,444 698 A R1995 Kito ments.
5511,082 A 401996 How ct al.

(List continucd on next page.)

27 Claims, 8 Drawing Sheets
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5,638,374 A 6/1997 Heath SP-RFTI01-970321, published Mar. 21, 1997 by MCNS
5.663,990 A 9/1997 Bolgiano ct al. Holdings, L.P., Section 6, pp. 43-85.
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6,170,061 Bl 1/2001 Beser Vehicular Technology Conference, IEEE, vol Conf. 45 pp
6.363,241 Bl 3/2002 Barshat ct al. 306-310
5,434,189 B1 * 82002 Murphy ....... - 3751222 o
5470005 Bl * 82002 Knotson ct al * ¢ited by examiner

PAGE

12/37



Page 11 of 27
PAGE  13/37

Case 2:09-cv-00322-TJW Document1l Filed 12/1
US 6,549,759 B2

12/109/0888  13:57
Sheet 1 of 8

U.S. Patent Apr. 15, 2003

104(b)
e
1044{a)
/

~——

.

i
! e

f

i =

Y]

L <)
!
= !
ﬁ M
=
]
I
i
]
i
i
i
w |
[
=
/
1

100
y
;




Page 12 of 27

12/10/2008  13:57 PAGE  14/37

U.S. Patent Apr. 15, 2003 Sheet 2 of 8 US 6,549,759 B2

&i’
<
- S 3 :\
3 N E
2 g Nk
13 X g
. g A
i =
a fosensansd
', oy
[2] —
> | @ < i
p-—4 o g — ?1)
N E = &t
N\ ) =
p _ S
g "23 ©)
[ |
\ 5 8 | -
& U2
P NE 8
& 5 o =
: :
H &
B
[72]
i ]




Page 13 of 27
PAGE  15/37

Case 2:09-cv-00322-TJW Document1l Filed 12/1
12/18/2808 13:57 7147

U.S. Patent Apr. 15, 2003 Sheet 3 of 8 US 6,549,759 B2
§ z Fy
3 e
© i
N
s P
o __'_" e':
Tk — 4
A
-
=
5 3
- @ é
: 3 ¥
- L2181

¥30{5

<
w

= -
]
. 3E 3
o . “'{c ":!_‘
2 - N
& ]l 0
A J i’ -
5 A A E
@
p
. Q S =
8 - -
IS .
]
8
¥y . —‘k'" G2
= . = ] =
l""‘.\_ - E e‘
o o
= o
v
4
-
- ‘E [
Lo -
r)
& =]
5
o L 4 y
I Y
o]
8 . 05 on
M\\ * =
e o
&
y




2-TJW Document1l Filed 12/1 Page 14 of 27

Case 2:09-cv-0

12/18/2008 13:57 7147585 a PAGE 16/37
U.S. Patent Apr. 15,2003  Sheet 4 of 8 US 6,549,759 B2
»
Quﬂ:ty M4 410
A
6% M3 Upper Thrushold
i /414
y 3 /412
L5 - e e M4 Lower Threshold
M3
/410
L4 M2 Upper Threshiold
Downlink i Pace
ﬂ_l’phAnk A 412
Quality /.
LE{ .................... - M3 Lower Threshold
M2
/410
L2 - M1 Upper Threshold
X Y 414
b 412
O | USRI S, M2 Lower Thmshcld.
DeoYeasing M1
Quality

FIGURE 4



2-TJW Document1l Filed 12/1 Page 15 of 27

PAGE 17/37

Case 2:09-cv-0
12/18/20868 13:57 71475

U.S. Patent Apr.15,2003  Sheet 5 of § US 6,549,759 B2
A
Increasing
Q“a‘l“-‘r’ QAM-256 410(c)
388 e QAM-64 Upper Throshold
i y; 414
b 412(c}
32dB }poee-- QAM-256 Lower Threshold
QAM-64
410(b)
. 17dB | ~— QAM-IG{Tppcr Threshold
Signal 414
to 4 /
Noise L3 A412(b)
Ratio 12dB Levnnimemea b amemaman oo QAM-64 Lower Threshold
QAM-16
410(a)
5dB } e vt = QPSK Upper Threshold
i 414
+ 412(2)
3dn - - QAM—Ib/Lower Threshold
Declensing QPSK
Quality
\ 4

FIGURE 5



Case 2:09-cv-00322-TJW Document1 Filed 12/10/
12/18/2008 13:57 714755

Page 16 of 27

PAGE 18/37

U.S. Patent Apr. 15,2003  Sheet 6 of § US 6,549,759 B2
TIME FRAME A
\600
104(c) 104(a)
N ‘ /
CPE CPE
612 604
N\ 102 )///'
614 Bﬁ 606
Station
608
10
104(b)
CPE
FIGURE 6A
TIME FRAME B
\602
104(c) 104(a)
N z
CPE CPE
612 614
\ o /
614 B/“c 606
Station

618
620

CPE

104(b)

FIGURE 6B



Case 2:09-cv-00322-TIJW | Document1 Filed 12/1
12/18/20@8 13:57 71475

Page 17 of 27

PAGE 19/37

U.S. Patent Apr. 15,2003  Sheet 7 of 8 US 6,549,759 B2

-m

e

~ Determine Quality of
Downlink from Base Station

702

v
704\" Compare Quality of
Downlink with Thresholds
for Adjacent Modulations
706 708 “~
Change Modulation
Type to a More Robust
Muodulation

710

712 Has Quality
Increased
across @

Threshold?

“ Change Modulation
Type to a Less
Robust Modulation

FIGURE 7



Case 2:09-cv-0
12/18/2088 13:57 7147558

2-TJW Document1l Filed 12/1 Page 18 of 27

FAGE 28B/37

U.S. Patent Apr. 15, 2003 Sheet 8 of 8 US 6,549,759 B2

N Determine Quality of
Uplink fiom CPR

: Y

. Comqm Quality of Uplink
with Thresholds for

Adjarent Modulations

80z

&04

808
~

Change Modulation
Type to a More Robust
Modulation

806

Hag Quality
Decreased
across a
Threshold?

812 ] Change Modulation

Type toalcss
Robust Modulation

e d

FIGURE 8



12710/ 26088

Case 2:09-cv-00322-TJW Document 1 Filed 12/104&

57

13

US 6,549,759 B2

ASYMMETRIC ADAPTTVE MODULATION
IN A WIRELESS COMMUNICATION
SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Tnvention

The present invention relates to wircless communication
systems and 1o a system and method for implementing
asymrmetric madulation in such systems,

2. Deseription of the Related Art

A wreless communication system facilitates two-way
comoprunication between a plurality of subseriber radio sta-

tions or subscriber units (fixed and ponable) and a fixed !

network infrastructure. Exemplary communication systems
include mobile ccliular telephone systems, personal com-
munication systerns (“PCS”), and cordicss telephones. The
key objective of these wircless communication systems is (o
provide communication channels on demand between the
plurality of subscriber upits and their respective base sta-
tions in order to conpect a subscriber unit user with the fixed
oetwork infrastructure (usvally a wire-lipe system). Ja the
wireless systerns having mmltiple access schemes, a time
“frame” it uscd as the basic information trapsmission umit.
Each frame is sub-divided into a plurality of time slois.
Somc time slots are allocated for control purposes and some
for information transfer. Subscriber units typically commu-
micate with their respective base station using a “duplexing”
scheme thus allowing for the exchange of information in
both directions of the connection.

Transmissions from the base slation to the subscribser units
are cammonly referred to as “downlink” transmissions.
Transmissions from the subscriber units to the base station
arc commonly referred to as “uplipk™ transmissious.
Depending upon the design criteria of a given system, the
prior att wircless communication systemns bave Lypically
used cither time division duplexing (“TDD”) or frequency
division duplexivg (“FDD”) methods to facilitatc the

exchange of information between the base station and the.

subscriber units.

Recently, wideband or “broadband™ wircless communi=
cations networks bave been proposed for delivery of
enbanced broadband services such as voice, data and video.
These broadband networks [acililate two-way Communica-
uon between a base stabon and s phurality of fixed subscriber
unuts.

Often in such broadband communication systems, mul-
tple schemes are available for modulating and demodulst-
ing the Wraosmitted sippal, The obwicus choics for the
modulation scheme is the onc that allows the highest transfer
bit mte between the base siation apd subscriber units,
Howcver, limitations imposed by the communication sys-

torn's design as well as variations in geographic and atmo~ s

spheric conditions impede wse of such high-bandwidth
modulation schemes, Furthermore, thess variables impact
trapsmissions from the basc station to the subscriber unit and
from the subscriber wnit 1o the bass station differently.
Comnsequently, while it is advantageous for such broadhand
systems to continuously utilize bigh-bandwidth modulsfion
schemes, in practice, they often do oot

Thus, there s & need for a system and merhod which can
be implemeated in a broadband commumcation system (o
optimuze the transmission of voice, data and video when
multiple modulation schemes arc available, Such @ system
should be Aexible so as 1o accaunt for variations between
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both the uplink and the downtink in a two-way communi-
cation conncction between cach base station and subscriber
unit pair. Moreover, » sysicm that adaptively adjusts Lhc
modulation scheme for cach {ndividus! uplink and dowalink
secorcing to these variations over time would also b
desirable.

SUMMARY OF THE INVENTION

One aspect is # wireless communication systern for deter-
mimog a plurality of uplink modulation schemes and a
plunality of dawnlink modnlation schemes for use in a
wireless communication system including a base station and
a plurality of customer premises equipment (CPE), where
cach of the plurality of uplink and downlink modulation
schemes used by each of the plurality of CPE can be
2symmetric, such (hat the uplink modulation scheme may be
ditferent than the downlink modulation scheme, The system
comprises a plurality of CPE, cach including a frst modem
configured to measure a first link quality based on received
downlink data. The system further includes » base station
having 2 second modem configured 1o measure a second link
quality for cach of the plurality of CPE based on received
uphink data, a first processor configured to reccive the first
link quality and determine a downlink roodulation scheme
for each of the plurality of CPE, and a secoud procossor
configured to reccive the sceond link quality and determine
a uplink modulation scheme for cach of the plurality of
CFE.

Another aspect is # method for determining a plurality of
uplink modulation schomes and a plunality of downlink
modulation schemes for usc in a wireless communication
system which commumcates with frames of data and
includes a base station and a plurality of customer premises
cquipment {(CPE), wherein cach of the plurality of uplink
and downlink modulation schemes used by cach of the
plurality of CPE can be asymmetric, sach that the uplink
modulation scheme may be different than the downlink
mochlation scheme. The method comprises detcrruining an
uplink quality for a fist frame of data transmitted by a CPE
and received by a base station, comparing the deterrained
first uplink quality to a plurality of modulation threshold
values. Jf the first uplink quality has crossed ome of the
plurality of modulation thresholds, a second uplink modu-
lation scheme is sclected for the CPE. The method Further
includes receiving a request for the sceond uplink modula-
tiott scheme at the CPE, determiniug a downlink quality for
a second frame of data ansmitted by the base statiom and
subsequently roceived by the CPE, and comparing lhe
detersmned first downlink quality to s second plurality of
modulation threshold values, If the first downlink quality
has crossed one of the phurality of medulation thresholds, a
second downlink modulation scheme is selected for the
CPE. The method further includes recciving a request for the
second downlink modulation scheme at the base station,
trapsmitting a third frame of data by the base station to the
CPE using the second downlink modulation scheme, and
transmitling a founth frame of data by the CPE (0 the base
staticn vsing the second uplink modulation scheme.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a simplificd block diagram of = wircless com-
munication system.

FIG. 2 is 2 block diagram of a Time Division Duplex
(“TDD"Y modem.

FIG 3 is an illustcation of the smucture of a TDD frame.

FIG. 4 35 a graph of multiple modulation techniques,
M1-M4, and theit respective upper agd lower modulation
thresholds.
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FIG. 5 is 3 graph showing modulation techniques QAM-
256, QAM-64, QAM-16, and QPFSK. with upper and Jower
sigmal to noisc ratios (“SNR") thresholds,

FIGS. 6a and 6b illustrate asymetric adaptive modula-
tion being pecformed by the base station and CPEs from
FIG. 1

FIG. 715 a (lowchant illustrating the base station perform-
ing the process of adaptively adjusting the downlink modu-
lation scheme.

FIG. B is & flowchan illustrating the CPE per(ovming the
process of adaptively adjusting the uplink madulation
scherme,

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Embodiments of the invention will now be described with
reference to the accompanying Figures, wherein like numer-
als refer o like elements throughowt, The terminology used
in the description presented hecein s not intended to be
interpreted in any limited or restrictive manner, simply
because it is being utilized in conjunction with a detailed
description of certain specific embodiments. Furthermore,
embodiments may melude scveral novel features, no single
one of which is solely responsible for its desirable atiributes
or which is essential to practicing the cmbodiments hercin
described.

FIG. 1 is a block diagram of an exemplary wireless
communication system 100, Oge exemplary brosdband
wireless communication system is described in U.S, Pat. No.
6,016,311, by Gilbert ot al,, issvcd Jan, 18, 2000, entitled
“Adaplive Time Division Duplexing Mcthod and Apparatus
for Dynamic Bandwidth Allocation within a Wircless Com-
mundcation System,” hereby incorporated by reference. The
systemn 100 includes a base station 102 and at least ouve
customer premise equipraent (“CPE™) 104(a)(c) rccciviog,
and trausmitting data along wireless communication links
O0(a){c), 112{a)}~(c). CPE 104(a)=(c) are shown as
examples which can include additional CPEs, FIG, 1 illus-
trates a system where three CPEs 104(a), 104(b), 104(c) arc
receiving and transmitting data with the base station 102
along comrnunication link pairs 110a) and 112(a), LLKb)
and 112(b), 110(¢) and 112(c).

The communication links 110(z), 110(b), 11(c) are
referred to as downlinks (ie., from the base station 102 1o
the CPE's 104) and can operate on a point (basc station)-
to-multi-point (CPE’s) basis. Tranemissions to and fram the
hasc station 102 are directional in nature, and thus arc
limited to a particulsr ransmission sector 106 of the base
station 102. Within a given sector 106, CPEs 104(a), 104(5),
104(¢) reecive the same transmission along their vespective
downlinks 110(z), 110(4), 11{¢). To distinguish between
data imtended for a specific CPE, the CPEs monitor cantrol
mformation ip their respective dowalink 11a), 11IKH),

110{c) and typically retatn only the data imended for them. <

In crobodimeats that bave mulliple sctors, the base station
102 includes a seclored active snlenna srray (ot shown)
which is capable of simultancously transmmtting to multipic
sectors. [n one embodiment of the system 108, the active
antenon array transmits to four independent scetors strmul-
1aneously.

The communication links 112(g), 112(4), 112{c) are
referred to as an uplink (i.e., from the CPEs 104 10 the base
station 102 and opernte on a poiat-towpoint basis. Thus, in
FIG. 1, cach CPE 104(z), 104(h), 104(c) originates its own
uplink 112(a), 112(), 112(c). Communication witk the basc
station 102 is bidirsctional and multiplexed on the basis of
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Time Division Duplexing (TDD). For a TDD transmission
from, for example, CPE 104(a). CPE 104(a) would scnd its
data along communication Hink 112{c) to the base station 102
during a preassigned tite slot in & transmission frame. The
specific frame structures of the upliok and downtink will be
discussed further below.

In a Frequency Division Duplexing (FDI) system,
duplexing of transmissions between the hase station and the
CPEs is performed in the frequency domain, Different sats
of frequencics are allocated for uplink apd downlink trans-
missions. In onc embodiment, the system described herein is
uscd in such an FDD system.

Each CPE is further covpled 1o a plurality of cud users
that may include both residential and business customers.
Cousequently, the end wsers have different and varying
usage and bandwidth requirement nceds, Each CPE
10d{a)<(c) may garvice several hundred or roore end users,
but at least one cnd user will be assigned to trapsmit and
receive data through cach CPC 104,

The data trausmitted along the communication links 110,
112 is in analag form, and thus a modem 108 is used to
modulate the digital dara prior to tranemission. FIG. 1
illusirates the modem 108 being Jocated at the base station
102, however, a simnilar or identica) moden 108 may be vsed
at the other end of the downlinks 110(a), LL0(b), 11%c) to
dermodulate the received analog data. Thus, the modems 108
in the base station and cach CPE are used for uplinking data
from the CPEs to the basc station 2od for downlinking data
from the base statjop to the CPEs.

Still referring to FIG. 1, the broadhand wireless commuv-
nication system 100 provides “bandwidth-on-demand” to
the CPEs. The CPEs request bandwidth allocations from
their respective base station 102 based upon the type and
quality of service {“Qo5") requested by the end users scrved
by each CPE. Each of the end uscrs potentially uses a
diffcrent broadband service having different bandwidth and
latency requirements. To this end, the type and QoS avail-
able to the end wsers arc variable and selectable. The amount
of bandwidth dedicated to a given service can be determined
by the ivlormation rale aod the QoS required by that service
{and also taking into account bandwidth availability and
other system parameters). For example, T1-type contimuous
data services typically require a great deal of bandwidth
having well controlled delivery latency. Until terainated,
these serviees requirs constant bandwidih aiocation for each
frame. In countrast, cortain types of data services such as
Internct protoco} data services (“TCP/IP”) are bursty, ofien
idle (which at any one inslant may require zoro bamcdwidih),
amd are relatively insensitive to delay varations when
active.

In one embodiment, the communication system modu-
lates transmitted data according to the common capabilitics
of the CPEs 104 and the base station 162. The most robust
modulation scheme is used as the modulation scheme for all
Jata transmitted (o and receaved from the base sration 102,
It such a systcrn was applicd o FIG. 1, a single modulation
scheme would be sclocted for ihe communication links
110(a), 110(5), 110(c), 312(a), 112(H), 1N2(c). Often, the
most robust modulation s the most stable, but the raosmit-
ted data is the least dense. For example, if CPEs 104(a),
104(b) src capable of receiving quadrature amplitude
modulation-64 (“QAM-647) data, but CPE 104(c) is ooly
capable of rocceiving quadrature phase shift keying
(“QPSICY) modulated data, both uplinks 112(2), 112(5),
112(c) and downlivks 110(a), 110(6), 110{c) would be
transanitted using OPSK modulation. This creates an inef-
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ficient use of bandwidth whenever QPSK modulated data is
trapsmitied to 8 QAM-64 capable CPE or hasc station.

In another cmbodiment, modulation schemes are selected
for cach CPE 10M4(a), 104(b), 104(c) and basc station 102
patr. Transmission quality varies for each CPE as » function
of the characteristics of the pathway (L.e. geographic, atmo-
spheric, . . ) between the CPE and the base station. Thus, the
selected modulation schemes may be differeot for the CPEs
depemdding on the capabilitics and transemission quality of
each CPE 104(a), 104(b), 104(c) and base station 102 pair.
Continuing with the previous example, sinee CPEs 104(g),
104(b) are capable of recciving QAM-64 data coupled with
adequate transmission quality between CPEs 104(a), 104(b)
and the base station 102, all data travsmitted between these
CPEs and the base station will be modulated using QAM-64,
In the same systam CPE 104(c), which is only capable of
recciving QPSK deta, will only trapsiit and receive QPSK
data. By using different or variable modulation schemes for
dilferent CPEs associated with a single base station, the
cammunicaton system 100 as a8 whole increages its band-
width utilizaton

The transmission guality between the base station 102 and
speaific CPEs 104 may not only vary between cach CPE and
base station pair as described above, but may also vary over
time. For example, in FIG. 1, the transmission quality may
significantly decrense during  rain or snowstorm. When the
link quality i¢ decreased, there is an inersased chance that
ansmitted data along communication Lnks 110(a), 110(5),
110(c), 112(2), 112(5), 112(c) may be unrccognizable or lost
to the reeeiving base station or CPE. To accommodate these
time variations in link quality, one cmbodiment of the
communication system 100 dynamically adjusts or “adapts”
the modulation scheme for cach base station 102 and CPE
104 pair. In such an adaptive syslem, the bandwidth utih-
zation of the communpication system 100 further mereases.

An additional embodiment of the communication system
100 scleets differemt modulation schemes for the uplink and
dowalink between cach base station and CPE pair. Rather
than selecting the same modulation scheme for the uplink
and dowalink associstc with a CPE, the communication
system selects the uplink and downlink modulations inde-
pendently, Such a communication system i3 said to operate
asymmetrically. In stjll another cnbodiment, the communi-
cation systemr 100 combines the features described above to
provide an asymmetric and adaptive communicalion systcrn
160.

In many of 1be embodiments described above, a determoi-
pation as 1o the quality of the cach communication Link is
used 10 select a modulation scheme. This determination can
be mede once for each commumcation link 110a), 110(6),
110(c), 112(a), 112(h), 112c) or can be made dynamically
it an adaptive commupieation system. Io one of these
embodiments, 3 Signal to Noise Ratio (“SNR") of 2 rcoeived

signal (cither by the base station 102 or CPE 104) is used in

determining the modulation scheme that the commurication
systems should employ. SNR is a measure of signal strength
reialive to background noise, The ratie is usually measured
i decibels (dB), such that if the incoming signal strength in
microvolts is V_, and the noise fevel, also in microvolts, is
V., thett the SNR in decibels is given by the formula

SVR=T010g,o(V,1V,)

If V-V, then SNR=(, In this silnation, thc analog signal
horders on unreadable, hecause the noise level scverely
competes with it. In digital communications, this will likely
causc a reduction in data spoed bocause of frequent erors
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that require the transmitting basc station or CPE lo ce-send
some ost data. Ideally, V_is much greater than V,, so SNR
i positive. For example, suppose that V,=10 0 microvolis
and V,=1.0 microvolt. Then

SNF=2010g,0{10)w20.0 47

winch results in a very clear signal. If the signal is much
weaker hur still above the naise level, for cxample, 1.3
microvalts, then

SNR~2logyal1. 32,26 U5

which mey result in a reduction in data speed under thesc
conditions,

During each frame, basc station 102 reccives transmis-
sians from cach of the CPEs 104(a), 104(b), 104(c) in turn,
This requines the base station to synchronize with each
scquential CPE “on the fy." In coutrast, cach CPE synchro-
nizes with cach dowulink frame at the heginning of the
frame. Onec synchronized, the CPE maintains its coanection
until the specific data intended for it is received. As such, the
synchronization activity required of the basc station is a
muitiple of cach individual CPE’'s synchrouization activity.
Thus, the basc station may have difficulty in receiving data
from multiple CPEs that nse a more densc rmodulation
scheme,

FIG. 2 is a block diagram of a Time Division Duplex
(“TDD") modem 108 used to modulate/demodulats data in
the wireless communication systems 100 described zbove,
Modems 108 are used by the base station 102 and CPEs 104
to modulate and demodulate data. For sase of description,
the modera 108 will now be described with refercnce to the
hase station 102, One embodiment of the modem 108
mncludes a receiver module 202, a treusmitter module 204, a
signal o noise ratio (“SNR™) module 206, and a bit error rate
(“BER") modulc 208. In another embadiment, the modem
108 forther includes a processor 210. In operation, the
Iransmitter module 204 converts digital data to an appropri-
ately modulated anxlog signal communicated as a downlink
110, using for example, quadraturc amplitude modulation
(“QAM”) or quadrature phasc shift keying (“QFSK™) modu-
lation. The analog signal may also be up converied 10 2
carter frequency prior to transmission. The receiver module
202 demodulates an uplink 102(a), 112(b), 112(c) and con-
verts it back to its original digital form.

The transcaitter module 204 controls the data modulation
scheme(s) for the modem 108. The wrapswiticr module 204
interfaces with the SNR module 206 and the BER module
208 in sclecting the modulation scheme used to transmmit the
data. The SNR module 206 can be a transceiver (not shown)
coofigured to measure the signal to noise ratio of the
received signal. Alternatively, the SNR module 206 can be
a power detector (not shown) configured 1o measure the
signal to noise ratio of the received signal. The SNR can be
calculated from the bit error rafc determined by the BER
wodule 208,

‘The processor 210 is coufigurcd 1o monitor signal quality
of the received signal. An cxample metric used by the
processor (o monitoring signsl quality i3 a SNR. Signal
quality is measured over a period of time, and, in response
to changes in the signal quality, the processor 210 deter-
mines if the modwdation should be changed. This helps avoid
cyelic changes in the modulation scheme due 1o transient
changes in the communication link’s quality. 1o oge
cmbodiment, only thc modem 108 at the hese station 102
includes the processor 210, Tn this ¢mbodiment, cach CPE
measures its own signal quality and transmits its value
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within its uplink 112 to the base station 102, The processor
210 s then able to monitor the sipnal quality of the CPEs to
determige if the downlink 110 modulation schemes ghould
be changed. In oue embodiment, the processor 210 in the
base station 102 monitors its own signal quality io determine
if the uplink 112 modulation should be changed.

The term “module,” as wsed herein, meaus, but is not
limited to, a software oc hardware compooent, such as s
FPGA or ASIC, which performs certain tasks. A module may
advantageously be configured to reside on the addressable
storage medium and configured o excoulc on one or more
processors. Thus, & module may nclude, by way of example,
components, such ag software componceats, object-oricnted
saftware componcuts, class camponents and task
cornponents, processes, fuactions, attributes, procedures,
subeoulines, segments of program code, deivers, firmware,
microcode, circuitry, data, databascs, data structures, tablcs,
arrays, and variables. The functionality provided for in the
components and modules may be combined into fower
comporrents and modules or further scparated inte additional
components 20d modules. Additionally, the components and
modules may advantageously be implemented to excoute on
one ar rgore computers within the communication systcm.

FIG. 3 rcpreseats a time division duplexing (*TDD")
frame and multl-frame structure for use ia communication
sysiem 100). Frame 300 includes a downlink subframe 302
and an uplink subframe 304, The downlink subirame 302 is
uscd by the base station 102 to transeit information to the
plurlaity of CPEs 104(z)<¢). In any given downlink sub-
frame 302, all, some, or nouc of the transmitted information
is intended for a specific CPE 104, The base station 102 may
trapsmit the dewnlink subframe 302 prior 10 receiving the
uplink subframe 304, The uplink subframe 304 is used by
the CPEs 10{z)~{(c) to transmil information to the base
station 102

Subframes 302, 304 are subdivided into a plureality of
physical layer slots (PS)y 306. Each PS 306 corrclates with a
duration of time. Ia the embodiment shown in FIG, 3, cach
subframe 342, 304 is onec-half millisecond in duration and
includes 400 PS for & total of 800 PS par Gramc JON.
Altemnatively, subframes having longer or shorter durations
and with more or fewer PSs can be wsed.

Each downlink subframe 302 cormpriscs a frame control
header 308 and downlink data 310. The frame control header
308 includes information for the CPEs to synchronize with
the basc station 102. I ooc cmbediment, the frame contrp]
header 308 includes control informetion indicating where
modulation changes occur in the dowulink. The frame
control header 308 cap also include a map of the subscquent
uplink subframec 304 that is 1o be transemitted by the CPEs
104. This map allocates the PSs 306 in the uplink subframe
304 between the different CPEs. The frame control header
308 can fusther include a map of attributes of the downlink
data 310. For cxample, atiributes may include, but are not
limited to, the Jocations of the PSs 306 in thc subframe 302
that are imended for cach individual CPE.

The downlink data 310 is transmitted i a pre-defined
modulation or a sequence of modulation techniques M1,
M2, M3. Individual or groups of PSs 306 in the downlink
subframe 302 are assigned to data intended for specific
CPEs 104. For example, the base station 102 could assign
PS8s in one, some, or all of the modulation techniques M1,
M2, M3 for transmitting dsta to CPE 104a). In FIG, 3, the
data 5 divided into three modulations types, where QPSK
(M2(a)) = the most robust modulation (5.e. lcast prone fo
transmission errors csused by signal interference) and winle
QAM-64 (312(c)) is tbe least robust (i, most prone to
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transmissipp crrors caused by sipmal interference). In
between thesc modulation schemes is QAM-32 (312(b)). Io
one ¢cmbodiment, 1 scquence such ag; QAM-4, followed by
QAM-16, followed by QAM-64 js used. In other
embodiments, additional modulation schemes, such as
QAM-256, arc used. Each CPE 104 monilors the downlink
data 310 and retaius only those messages intended for them,
As mentioned above, in one embodiment, attributes in the
frame control header 308 provide this information to the

Sull referring 10 FIG. 3, the uplink subframe 304 com-
prises uplink data 314(a)-(n). The uplink subframe 304 is
used by the CPEs 10#(a)~(c) to transmit infounation to the
base station 102, The subframc 304 is subdivided ino a
plurality of PSs 306. Each CPE 104{a)~(c) transmitz its
information during, its allocated PS 306 or range of PSs 306.
In ave embodiment, the PSs 306 allocated for each CPE arc
grouped into a contiguous block of a plurality of data blocks
314(a)(n). In this embodimeat, the CPEs use data blocks
314(a)() to transmit the uplink subframe 304, The range
of PSs 306 allocated to each block in the plurality of data
blocks 314(a)—{(n) is selected by the base station 102,

The data transmitted in cach data block 314(z)-(n) i
modulated by the transmitting CPE. For example, CPE
104(a) modulates data block 314(a). During its data block,
the CPE transmits with a fixed modulation that is selected by
the basc station 102 hased on the SNR and/or BER of its
prior transmission(s) to the basc station 102. In an alternate
embodiment, a sequence of modulation techmiques is used in
each data block 314(a)(n). In still another embodiment, the
data blocks 314(a)y{n) are gronped by modulation scheme.
As mentioned above, one embodiment of the uplivk sub-
frame 304 includes SNR and/or BER measurements trags-
mitted by the CPEs for the base station to use in determining
if the modulation of the downlink subframe 302 should be
changed,

Bach CPE 14 roceives all downlink transmissions that
are modulaicd ysing its current modulation scheme or are
modulated using a more robust modulation scheme thaa its
current modulation scheme, The frame cootro] hoader 308 is
typically modulated using the most robust modulation
scheme 1o ensure that all CPREs 104(z2)(c) may roecive it,
Because each CPE reeejves the frame control header, each
CPE 104 is imtially synchronized with the downlink sub-
frame 302 at the beginning of the frame 3M0. The downlink
subframe 18 sorted by robustness, which allows cach CPE (o
maintain synchronization during the subscquent portion of
the downlink that cauld jnclude data for that CPE, Data that
is modulated using a less mbust modulation scheme thap a
CPE's current modulation scheme is ot listened to by that
CPE. Thus, once synchronized, cach CPE maintains ils
connection throughout the portion of the downlink subframe -
302 that was modulated using a modulation scheme that is
al least as robust as that CPE’s curcent scheme. Since the
CPEs are initially synchronized with the downlink
subframe, whea the data sddressed to each specific CPE 104
is transmitied the respective CPEs 104 do pot nced addi-
topal time to synchronize.

In contrast, the basc station 102 rcceives data Erom the
CPEs 1M during subframe 304 which rcquires the base
station 102 10 synchronize with cach mdividual CPE 104,
Synchronization with each CFE 104 may take a variable
amount of P8s 306 o achicve. Thus, the synchronize time
necded for the base sietion 102 to synchromze with multiple
CPEs 104(a)(c) is a ouluple of cach individual CPE's
synchronization activity during the downlink subframe 302,
As such, the hasc station 102 roay mot be capahle of
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regeiving daty at the same mordulations as individua] CPR’s
104, In some embodiments the base station 102 may be ablo
to receive uplink data at a higher modulation than CPEs 104
can receive dowalink data.

FIG. 4 illustrates a graph of four modulation schemes apd
their respective upper and lower modulation thresholds,
Specifically, four madulation schemes (M1-M4, where M1,
1 the most robust snd M4 is the lcast tobust), and six
modulation thresholds (L1-L6, where L1 indicates the low-
cst link quality and L§ indicates the highest link quality) arc
shown. Lines 414 separale the modulation schemes of FIG.
4 and are hescd on a delined rclationship between link
quahty and modulation schemes, In one embodiment, the
thresholds L1-L6 are identical for the uplink and downlink,
such that modulation transition points are the same for both
the uplink and the downlink. The thresholds are based on
measurements of the quality of a communication link
between a transmitting base station 102 or CPE 104(z)—(c)
and 2 receiving CPE or base station, Quality mcasurcments
arc made for the uplinks 112(aXc) and downlinks 110(a)-~(c)
in FIG. 1. In one embodiment, the link quality is based on
% SNR or BER measurcment for the uplivk or downlink.
Altcrnatively, link quality is determined by mcasuring the
carricr to soise tation (C/N) or the carrisr to poise plus
interference ratio (C/N+I)). For ease of description, the
following assumes the modulation thresholds for the vplink
and downlink sre the same, The following description would
then apply to both the uplivk and downlink. However, in
allernstc embodiments, the modulation thresholds for the
uplink and downlink are diffecent. For example, the upper
2nd lower thresholds for the uplmk 112 may be shifted by a
fixed amount from the comesponding upper and lower
thresholds for the downlink 110.

Still referring to FIG, 4, modulation schemes M2 and M3
cach have a pair of modulatjon thresholds associated therato,
Modulation schemes M1 and M4 each have 8 singlc thresh-
old associated theroto since they are the mivimem and
maximum modulation schemes available in the embodiment
of FIG. 4. The modulation thresholds includs upper thresh-
olds 410 and lower thresholds 412. Tn ane cmbodiment, as
the downlink/uplink quality ¢xeceds the upper threshold
410, the modulation scheme is increased. This is accom-
plished by selccting a denser and less robust modulation
scheme. Converscly, a8 the lower threshold 412 is crossed,
the modulatiem scheme is decreased For example, thresh-
olds 1.1 snd L4 are the thresholds for modulation scherme
M2, If the downlink/uplink quality using M2 falls below L1,
the receiving, base station/CPE will laitiate changing the
modulation technique to M1. Alternatively, if the downlink/
uplink quality vsing M2 rises above L4, the reeeiving base
slation/CPE will initiate changing the modnlation technigue
to a higher type, for cxample, M3. Continuing with this
cxample, if the modulation is changed 1o M3 because the
downlink/uplink guality excecded L4 and then the
downlink/uplink quality decreases below 14, M3 will con-
tinue to be used unti! L3 (the M3 lower threshold) is crossed,
In other words, in order for a modulation scheme to
decrease, the hink quality must decrease not just to Line 414,
but to the lower threshold 410 immediately below linc 414.
Likewise, in order for & modulation scheme o increase, the
link quality must oot only cxcced line 414, but also must
exceed the upper threshold 410 immediately abave hine 414,
By spacing the upper and lower thresbolds in this manner,
the Likelthood of rapid chenges occurring between modula-
ton schemes 1s decreased,

FIG. § is one embadiment where modulation techaiques
QAM-256, QAM-64, QAM-16, and QPSK are sclocted

35

i
Dy

5¢

55

65

10

slong with their respective upper and lower modulation
thresholds for measurements of signal to noise ratios
(“SNR™). The modulation thresholds for QAM-64 transmis-
sions are QAM-64 upper threshald 410(c) and QAM-64
lower threshold 412(b). For example, if s base station 102 is
currenily downlitking dzta to a specific CPE 104(a) using
QAM-64 modulation, the madulation scheme will change
when the downlink 110{a) quality poes above upper thresh-
old 410(c), for example, st 38 dB. Likewisc, when the
downlink 118a) quality goes below lnwer threshold 412(p),
far cxample, at 12 dB. Furthermore, the modulation scheme
will not be changed when link quality crosses either QAM-
256 lower threshold 412(c) or QAM-16 upper threshold
41(5) hecquse they arc not current modulation thresholds
for QAM-64, This limits rapid changes between adjacent
modulation schemes caused by small fluctuations in dowg-
link quality around an upper or lower threshold.

FIGS. 62 and 65 illustrate asymmciric adaptive madala.
tion being performed by the base station and CPEs from
FIG, 1 during two differont time frames, Hme frame A 600
amd time frame B 602. FIGS. 6z and 6b illustrate how the
uplink and downlink modulations uscd by » base station 102
and the specific CPEs 104 are asymmetrically adaptive. I
ope embodiment, time frame B 602 dircctly follows time
frame A 600. In anotber embodiment, time frame B 602
dczurs &t A later time than time frame A 600,

In time frame A 600, as shown ip FIG. 6A, CPE 104(a)
receives downlink 11(a) (see FIG. 1) modulated at QAM-
16 604 from basc station 102, CPE 104{a) transmits uplink
112(¢) (sec FIG. 1) modulated st QPSK 606. The qualitics
for the uplink 112(c) and downlink 110(a) may be differcnt
dve to several factors, For example, performing multiple
synchronizations by the base station 102 may affect these
qualities. Additionally, because multiple CPE’s 104(a)~{c)
typically transmit to basc station 102 during a freme 300 (sce
FIG. 3), the basc station may receive interforence between
the signals from the multiple CPEs. Additionally, there may
bc other interference sources that only effect data transmis-
sivn in only one direction. For example, co-chanmne] aud
adjacent chanpel interfecence from peighboring cells or
sectors can causc the link quality for ap uplink to be different
than the link quality for the dowalink. In subsequent time
frame B 6012, the downlink 118{a) medulation scheme from
the basc station 102 is increased to QAM-64 614 while the
uphink U2{(c) modulation scheme from CPE 104(a) remains
at QPSK 606. This ocrurs hecause the quality of the
downhink 110a) has increased beyond an upper threshold
410(b) (scc FIG. 5) between time frame A 600 and time
frame B 602. The quality of the uwplink 112(c) has not
crossed (he QPSK uppoer threshold 410(a) (ses FIG. 5), awl
thus the vplink 112(c) contimued using OPSK 606.

Returning to time frame A 600, CPE 104(3) recsives
downlink 110(b) (scc FIG. 1) modulated at QAM-64 608
and transmits an uplink 112(8) (sce FIG. 1) modulated at
QAM-16 610, Between time frame A 600 znd time frame B
602, the quality for both the uplink and downlink crossed
over 8 Jower threshold 412(b), 412(a) as cvidenced by the
more robust modulation schemes in time frame B 602. In
time frame B, the downlink 110(b) is in QAM-16 618 whilc
uplink is in QPSK 620. Since the modulation schemes of
both hinks have decreased, this may have ocenrred due to
changes n weathee conditions between the hase station 102
and CPE 104(5).

Retrming once again to time frame A 600, CPE 104(¢)
reccives downlink 110(¢) (sce FIG. 1) modulated 1t QAM-
16 612 and transmils uplink 1312(c) (sce FIG. 1) modulatcd
at QAM-16 614 to the base station 102, [n time frame B 602,
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both the uplink and downlink are stil] using QAM-16 612,
614 modulations. The link qualities of both the uplink 112(z)
and downlink 110(c) between bage station 102 and CPE
104{c) have not crossed cither an upper threshold 410(b) or
1 lower threshold 412(a).

FIG. 7 is a fewchart illustrating » process for adaptively
adjusting the downlink modulation scheme. The base station
can adjust its downlink modulation for & specific CPE 104
Independeut of that CPE's uplink modulation. In one
embodiment, the process is performed during cach frame
300 (one millisecond, for example), or periodically over
scveral frames (every 10 seconds, for cxample). The base
slation 102 performs the process for cach CPE 104(a}{c)
within a sector 106 (see FIG. 1). In another embodiment,
cach CPE determines the quality of the downlink. Once
determined, the CPE can report the quality information back
to the base statian ar determine itself whether the downlink
modulation should be adjusted. If the CPE determines that
the downlink modulation should be adjusted bascd on its
quality measurements, the CPE sende a request to the base
station to use a different mwodulation technique. The base
station is then able to adjust its dowalink modulation accord-
ingly for the specific CPE.

In panticular, flow begins in start block 700, Flow pro-
ceeds o block 702, where the guality of the downlink 110
from the base station 102 ig determined. The quality of the
downliok may be a function of the state of the transmission
medium (c.g. alr, foggy air, wet air, srooky air, etc.) and the
ability af both the transmitting and reociving components
(e.g. base station 102 and CPE 104) ta respectively transmit
and receive data, In one embodiment, cach CPE 104(r)~(c)
determines the quality of its respective downlink 110(z)-{c).
In apother embodiment, the quality of the downlink 110 is
determined by only one CPE 104, In this embodiment, the
sclected CPE 104 can be geographically located oear the
other CPEs 104 that roccive the downlink 110 using the
same modulation scheme. In stifl arother embodiment, the
CPEs 104 periodically transmits moasurcments, which are
indicative of the quality of their respective downlink 116, to
the basc station 102, The base station 102 then uses these
measurements to determine the quality of it downlink.
These measurements can include SNR and/or BER mea-
surements of the downlink T(a)-(c). Far example, CPE
104(a) determines the quality of its dowalink 1) based on
a measurernent by its BER module 208 (see FIG. 2). Asingle
BER rmeasurcmernt of & serics of several BER measurcments
taken by the CPE during a frame 300 (see FIG. 3) ar during
multiple [rames may bc uwsed to determine the downlink
quality, In embodiments where the CPE include « processor
210 (see FIG. 2), multiple measurcments arc analyzed by the
processor 210 10 determine the downlink's gualitv. Foe
cxample, BER mcasurcments may be averaged over N
frames 300 to geoerate the downlink guality measurcment.
To one cmbodiment, CPE 104(a) transmits its tmeasurcments
o the base station 102 for analysis by a processor 210 in the
base station. The base station then determines the quality of
the dowalink For CPE 104(a).

Continuing to block 704, the base station or CPE com-
pares the calculated downlink guality with the current modu.-
lation thresholds, as shown in FIGS. 4 and 5. The current
modulatipg thregholds are an upper thregshold 410 and &
lower threshold 412 at whoch the modulation scheme is
changed. With reference 1o FIG. 5. the current modulation
thresholds for 3 QAM-64 ransmission are QAM-64 upper
threshold 410{(c) and QAM-64 lower threshnld 412(5), For
example, if the basc station 102 is cuerently downlinking
data to CPE 104(b) using QAM-64 modulation, the mod-
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lation scheme will change when the uplink quality exceeds
the upper threshold 410(e) at 38 dB or gocs below lower
threshold #12(b) at 12 dB. Furthermore, the modulation
scheme will not be chapged wheo link quality crosses cither
QAM.-256 iower threshald 412(¢) or QAM-16 upper thrcsh-
o}g 410b) because they are pol current modulation thresh-
olds.

Next at decision block 708, the base station determines
whether the downlink quality has decreased and croszed a
modulation lower threshold 412 (see FIG. 4) according to
the comparisons made in block 704. With reference to FIG.
5, when the modulation is QAM-256 the current modulation
tower threshold 412(c) is 32 dB. For QAM-64, the currcnt
wodulation lower threshold 412(5) is 12 dB. For QAM-16,
the current madulation lower threshold 412(a) is 3 dB, If the
current modulation lower threshold has been crossed, fow
proceeds to block 708 where the base station selects » morc
rabusi modulation. o cmbodiments where the CPE detnr-
ines the downlink quslity and compares it to the modula-
tion threshold, the CPE 104 can send a request to the base
statiop 102 indicating » desired dowalink moduiation
change. This request is scot during the uplink subframe.
Once reccived by the base station 102, a downlink modu-
Intion change confirmation is transmitted to the CPE 104
indjcating in which framc 308 the change will occur. In
anotber embodiment, a confirmation message is not trans-
mitted to the CPE 104, but instead the CPE 104 listens for
its data at both the current modulation and the requested,
roore robust, modulation. Because the CPEs 104 cecive all
data trapsmitted by the basc stauon 102, 2 change in
modulation will be evident to a apceific CPE 104 when data
is received in the requested modulation scheme. Flow then
returns to block 702,

Returning ta decision block 706, if a current modulation
lower threshold has not becn crossed, flow proceeds to
decision block 710 where the base station deicrmines
whether the downdink quality bag crossed an upper modu-
lation threshold 410. With refercocs 10 FIG. 5, when the
current modulation is QAM-64 the current modulation upper
threshald 410(c) is 38 dB. For OAM-16, the corrent modu-
lation upper threshold 410(%) is 17 dB, For QPSK, the
current modulation vpper threshold 410a) is 5 dB. If the
base slation determines that the etrrent modulation upper
threshold has been exceeded, flow continues {o block 712
where the roodulation scheme s changed to a lcss robust,
denser modulation, In ¢mbodiments where the CPE deter-
mines the dowolink quality and compares it to the modula-
tion threshold, the CPE 104 sends a rcquest to the base
station 102 indicaling a dosired dowualink modulation
change. Ouee received by the base station 102, & downlink
madulation chagge conlirmation is transmitted to the CPE
104 indicating in which frame 300 the change will occur. In
another embodiment, a confirmation message is not trans-
mitted to the CPE 104, but instead the CPE 104 listens for
its data at both the current modulation and the requested,
more robust, modulation. Becanse the CPEs 104 receive all
data trapsmnitted by the base station 102, a change in
modulation will be evident to a specific CPE 104 when data
is received in the requested modulation scheme. Flow then
retrns to block 702,

Returmtg to decision block 710, if the downlink quality
has not exceeded the upper modulation threshold 610, low
proceeds o bluck 702,

FIG. & is a owchart illustrating the process of adsptively
adjusting uplink modulation scheme. A specific CPE's 104
can change its uplink moeduletion independent of that CPE’s
110 downlink modulation. The specific CPE’s rodulation
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can also be independent of the vplink modulation schemes
used by other CPEs 104 within the same sector 106. Becauas
the basc station 102 must synchronize with cach individual
CPE 104 tbat uplioks data, the uplink quality may he
different than the downlink quality with a specific CPE 104,
In one embodiment the base station 102 performs the
process 1o adaptively adjust the vplink modulation scheme
used by a specific CPE 104, As such, a similar process may
be completed for each CPE 104 within the sector 106 in
order to adaptively adjust cach CPEs 104 uplink modulation,

In pacticular, flow begins in start bluck 8M. Flow pro-
ceeds 10 block 802, where the quality of the uplink 112 from
a CPE 104 {0 a base station 102 iz determined. The quality
of the uplink may be a function of the stats of the trapsmis-
sion mediu (c.g. air, fopgry air, wed air, smoky sir, etc.) and
the ability of both the iransmitting and receiving compo-
vents (e.g. CPE 104 and basc station 102) to respectively
transmil and reccive data, In ope embodiment, the base
station 102 determines the quality of cach uplink 112(a)—(¢).
1o another embodiment, the base station 102 periodically
trapsmits measuremeats, which are indicative of the quality
of a CPE's uplink 112, to that CPE 104. The CPE 104 then
uscs these measurements to determine the guality of its
uplink. These meastrements can include SNR aud/or BER
measurements of the uplink 12(ay«(¢). For example, base
station 102 can determine the quahity af uplink 202{¢) based
on a measurement by its SNR module 206 (sce FIG. 2). A
single SNR measurement or a series of several SNR mea-
surcments taken during a frame 300 (see FIG. 3) or during
multiple frames may be used to detenmine the uplink quality.
In embodiments which jocinde a progessor 210 (scc FIG. 2),

multiple measurements are analyzed by the processor 210 to,

determine the wplink's quality, For cxample, SNR measure-
ments may be averaged over N frames 300 1o generate the
uplink quality measurement. In one embodiment, base sta-
tion 102 transmits its measurements to a CPE 14 for
apalysis by a processor 210. The CPE 114 thep determines
the guality of its uplink.

Coutinuiog to block B04, the base station or CPE com-
pares the calculated nplink quality with the curreat modu-
lation thresholds, rs shown in FIGS. 4 and 5. The cument
mochlation thresholds are an upper threshold 410 and a
lower threshold 412 at which the modulation scheme is
changed. With reference to FIG. 5, the current modulation
thresholds for a QAM-64 transmission arc QAM-64 upper
threshold 410(c) and QAM-64 lower threshold 412(5). For
cxample, if CPE 104(ae) is currently uplinking dals to base
station 102 using QAM-64 modulation, the modulation
scheme will change when the uplink quality cxceeds the

uppet threshold 410(c) at 38 dB or goes below lower s

threshold 412(h) at 12 dB. Furthcrmore, the modulation
scheme will not be changed when link quality crosses cither
QAM-256 lower threshold 412(¢) or QAM-16 upper thresh-
old 410(b) beeanse (hey are not current modulation (hresh-
olds.

Mext at decision block 806, the CPE determmines whether
the uplink quality bas deceeased and erosscd & modulation
lower threshold 412 (see FIG. 4) accocdiog to the compari-
son made in block 804, With refecence o FIG. §, when the
moadulation is QAM-256 the current modulation lower
threshold 412(¢) is 32 dB. For QAM-64, the current modu-
lation lower threshold 412(bY is 12 dB. For QAM-16, the
current modulation lower threshold 412(a) is 3 dB. II the
current modulation lower threshold has been crossed, fow
proceeds to block 808 where a less robust madulation is
selected. [n embodiments where the base station determunes
whether the uplink quality has crossed the threshold, the
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base station 102 can seod a request 0 the CPE 104 indicat-
ing a desired uplink modulation change. Altematively, the
hase station 102 can transit an uplink map to all CPEs 14
in the downlink subframe 302 indicating which CPEs have
been allotted uplink PS's and the PS’s associated madula-
tions. This allows the hasc station 102 to indicate o an
individual CPE 104 that the modulation scheme has been
changed by allotting nplick subframe 304 PSs to that CPE
that uscs a more robust modulation scheme, For example, if
the uplink modulation for CPE 104(a) is to be charged from
QAM-64 to QAM-16, the base station 102 assigns uplink
subframe PS’s which are o be modulued using QAM-16.
Thns uplink assignment scrves as an indicator to the CPE thal
its uplink modulation scheme has been change, Flow then
returns to block 802.

Returning to decision block 806, if a curreat medulation
lower threshold bas not been crossed, flow procecds to
decision block $10 where the system determioes whether the
vplink quality has crossed an upper modulation threshold
410, With reference to FIG. 5, when the current modulation
is QAM-64 the current modulation upper threshold 410(c) is
38 dB. For QAM-16, the current modulation upper threshold
410(5) is 17 dB. For QPSK, the currcut medulation upper
threshold 410a) is 5 dB. If the cumrent modulation upper
threshold has been exceeded, flow continues o block 812
where the modulation scheme is changed to a less robust,
denser modulation. In opc embodiment, the base station 102
sends & request to the CPE 104 indicating a desired uplink
modulation change. In another embodiment, the base station
102 transmits an vplink map 10 all CPEs 104 in the downlink
subframe 302 indicating which CPEs have been allotted
uplink PS's and the PS's assuciated modulations. The base
station 102 indicates to ap individual CPE 104 that the
wodulation scheme has been changed by allotting uplink
subframe 304 PSs to that CPE that vses a less robust
modulation schome. Por example, if the uplink modulation
for CPE 104(a) is to be changed from QAM-16 to QAM-64,
the basc station )02 assigns vplink subframe PS’s which are
to be modulated using QAM-64. This uplink assignment
serves as au irlicator to the CPE that jts uplink modulation
scheme has beco chauge, Flow theu returs to block 802.

Returning to decision black 810, if the downlink quality
has ot exceeded the upper modulation threshold 610, flow
procecds to block 802.

The foregaing description details cortain embodiments of
the invention. It will be appreciated, however, that no matter
how detailed the foregoing appears in text, the invention can
be practiced in many ways. As is also stated above, 1t should
be nated that the use of particular tcrminology when desctib-
ing certain features or aspects of the embodiments should
not be taken to imply that the twrminology is being
re-defined herein to be restricted to including any specific
chamcteristics of the feamres or aspects of the embadiment
with which that tcrminology is associaled. The scope of the
embodiments should therefore be construed in accordance
with the appended claims and any equivalents thereof,

What is claimed 15

1. A wireless communication sysiem for determining a
plurality of uplink modulation schemes and & plurality of
downlink modulation schemes for use in a wireless com-
mumcation system including a base station and & plurslity of
customer promises cquipment (CPL), where each of the
plurality of uplink and downlink modulation schemes used
by cach of the plurality of CIE can be asymmetric, such that
the uplink roodulation scbeme may be different than the
dJowalink modulation scheme, the system compeising:

a plurality of CPE, each including a first modem config-

ured to measure a first Tink quality based on reccived
downlink data;
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a basc station having a second modem coofipured 1o
measure a second link quality for each of the plurality
of CPE bascd on reccived uplink dats;

a first processor confignred to roccive the first link quality
aud determive a downliok modulanen schere for cach
of the plurality of CPE; and

a second processor configured (o reccive the secoad link
quality and detcrmine an uplink modulation scheme for
cach of the plurslity of CPL.

2, The system of claim 1, whercin the first processor is

located at each of the plurality of CPE.

3. The systom of claim 1, whercin the first processer is
located at the base station to receive the first link quality
from each of the plurality of CPE.

4. The system of clsim 1. wherein the scoond processor is
Jocated at the basc station,

5, The system of claim 1, wherein the second processor is
located at each of the plurality of CPE to receive the second
link quality from the base station.

6. The systerm of claim 1, wherein the first modem
includes a signel 1o peise ratio module configured W mea-
sure the first Hok quality.

7. The systern of claim I, whercin the first modem
includes = bit crror rate module configured to measure the
first link quality,

8. The system of claim 1, whemin the second modem
includes a signal to noise ratio module configured to mea-
sure the first link quality,

9. The system of claim 1, wherein the sccond modem
includes a bit error rate module counfigured o' measure the
first link quality.

10. A wircless communication systemn for determining sn
upliok modulation scheme and a downlink modulation
scheme for use in a wireless communication sysfem inchid-
ing a base station apd at least one customer premises
<quipment (CPE), whercin the uplink and downlink modu-
Istion schemes are independently determined, such that the
uplink mochlation scheme may be different than the down-
Link modulation scheme, the system comprising:

a CPE having

a first modem configured 10 measure s first link quality
based on received downlink data,

a first processor configurcd o receive the first ligk
quality and determine a dowolink modulation
scheme for the CT'E; apnd & basc station having,

a2 seeond modem configured to measure a second link
quality for the CPE bascd on received uplink data,

a socond processor configored to receive the scoond
link quality and determinc ap uplink modulation
scheme for the CPE.

11. A wireless communication system for sclecling a
plurality of modulation schomes for use with a basc station
and & plurality of customer premiscs cquipments (CPEs),
wherein physical slots in an uplink snbframe of data arc
assigned 1o the plurakty of CPEs by the base station, and
wherein the plurality of modulation schemes are used by the
plurality of CPEs to modulate data transeutted during the
physical slots (o the base station, the system comprising:

a plurality of CPEs, cach mcluding a first modem con-
fignred to measurc a quality value for a first physical
slot of x first downlink subframe of data and transmit
the quality value during a subsequent first physical slot
of a first uplivk subframe of data; and

@ basc station including a sceond modem confignred to
teceive cach quality value from the plurality of CPEs
and defermine 2 modulation scheme for a sccond

10

25

35

45

S5

65

16
physical slot of 2 scecond downlink subframe of data for
cach of the plurality of CPEs, wherein the downlink
modulation scheme js determined independently of a
madulation scheme for a sccond physical slot of a
second uplink subframe of data.

12. The system of claim 11, wherein the base station
further includes a processor configured to determine the
modulation scheme for the second physical slot of the
second downlink subframe of data,

13. The system of ¢laim 11, wherein the first modem
includes a signal to noise ratio module configured to mea-
sure the quality value for the first physical slot of the first
downlink subframe based on al least onc signal to noise ratio
measurement.

14, The system of claim 11, wherein the first modem
includes a bit srror rate module configured to measure the
guality value for the first physical slot of the first downlink
subframe based on at least one bit error rate measurement.

15. A wireless communication system for deternrining a
first and second uplink modulation scheme and a first aod
second downlink madulation scheme for usc in & wireless
commupication system including a base station and a flest
and scoond customer premises equipment (CPE). wherein
the first uplink and downlink modulation schemes may be
different, and the sccond uplink and downlink modulztion
schemes may be differcnt, the system comprising:

a first CPE configured to receive dota that is modulated
using a first downlink modulation scheme by a base
station and including a first signal to noise ratio module
configured to measure a first downlink quality for the
reccived data, and a first processor configured to deter-
wine a revised first downlink wodulation scheme bascd
on the first downlink quality;

a second CPE configured to receive data that is modulated
using & second downlink modulation scheme by the
basc station and inchuding a second signal to nojsc ratio
madule configured 1o measure a sccond downlink qual-
ity for the received data, and o sscond proccasor
configured to detcrmine a revised sceopd downlink
modulation scheme based on the sccond downlink
quality;

a base station having a third signal to poisc ratio module
configured to measure a first uplink quality for the
received data from the first CPE and 3 sccond uplink
quality for the reecived date from the sccond CPE, and
4 third processor configured to determine a first upljak
modulation scheme based on the first uplink quality for
the first CPE and a second uplink modulation scheme
based on the second upliok quality for the second CPE.

16. A wireless communication system for determining a
plurality of uplink modulation schemes and & plurality of
downlink modulation schemes for wse in a wircloss com-
municalion system incltding # base station and s plucality of
customer premises cquipment (CPE), whercin cach of the
plurality of uplink and downlink modulation schemes uscd
by each of the plurality of CPEs can be asymmetric, such
that the uplink modulation scheme may be different than the
downliok modulation scheme, the system comprising:

a plurality of CPEs, cach of the CPE including a frst
modem configured to measure a first downlink quality
for data from s base station; and

& basc slation having a sccond modem configured ©
measure uplink quality for transmissions from cach of
the plurality of CPEs, and a processor configured to
determine an uplink modulation scheme for cach of the
CPE, wherein the processor is further configured to
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Teceive the first downlink quality from the phurality of
CPEs and determine a downlink modulation scheme for
cach CTE.
17. The system of claim 16, wherein the first modem
includes a signal 1o poise ratio module.
18, The system of claim 16, wherein the first modem
inchudes a bit error rate medule.
19. A method for determining 2 plutality of uplink modu-
lation schemes and a plurality of downlink modulation

schewes for use in a wireless communication system which

communicates with frames of data and includes a base
station and a phirality of customer premises equipment
(CPEs), wherein each of the plurality of uplink and down-
link modulation schemes used by each of the plurality of
CPEs can be agymmetric, such that the uplink modulation
scheme may be different than the downlink modulation
scheme, the method comprising:
determining an uplink quality for a first frame of data
transmitted by a CPE and received by a base station;
comparing the determined first upliok quality to = plural-
ity of modulation threshold values;
if the first uplink quality has crossed one of the plurality
of modulstion thresholds selocting a sccond uplink
modulation scheme for the CPE;
recciving 2 request for the second uplink modulation
scheme at the CPE;
determining a downlink quality for a second frame of data
transmitted by the base station and rcccived by the
CPE;
comparmg the determioed first downlink quality to a
second phurality of modulation threshold values;
if the first downhnk quality has crossed onc of the
plurality of modulation thresholds, selecting a second
downlink modulation scheme for the CPE;
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receiving a request for the second downlink rmodularion
schemc at the hase station;

transmitting a third frame of data by the base station to the
CPE uging the second downlink modnlation scheme:

trsusmitting a fourth frame of data by the CPE (o the base

stotion uging the second uplink modulation scheme.

20. The method of ¢laim 19, wherein delermining the
uplink quality is aoccomplished using at Izsst one signal to
noise ratio (“SNR”) measurements for the first frame of data.

21, The method of claim 20, wherein the at least one SNR
measuremeats are averaged in order to determine the uplink
guality.

22, The method of clairn 19, wherein determining the
downlink quality is accomplished nsing at Icast one signal to
noise ratio (“SNR™) mcasurcrnents for the second frame of
data.

23. The method of claim 22, wherein the at Jeast one SNR
measurements are averaged in order to delerming the down-
lnk quality.

24, The method of claim 19, further comprising sending
the selected second uplink modulaliva scheme by the base
station to the CPE within an uplink frame map.

25. The method of cluim 19, further comprising sending
a mquest for the sclected second downlick modulation
scheme by the CPE to the base station.

26. The method of claim 28, further comprising scoding
a confirmation by the base station to the CPE in response to
the request for the sccond downlink modulation.

27. The method of claim 25, further comprising recog-
nizing the second downlink modulation in the third frame of
data by the CPE.
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