
IN THE UNITED STATES DISTRICT COURT 

FOR THE EASTERN DISTRICT OF TEXAS 

MARSHALL DIVISION 

 

FREQUENCY SYSTEMS, LLC, 

Plaintiff, 

 

 v. 

 

ZTE USA INC. & 

ZTE CORPORATION, 

Defendants. 

 

Civil Action No. _______ 

 

JURY TRIAL DEMANDED 

 

 

 

COMPLAINT FOR PATENT INFRINGEMENT 

 

This is an action for patent infringement in which Frequency Systems, LLC (“Frequency” 

or “Plaintiff”) makes the following allegations against ZTE USA Inc. and ZTE Corporation 

(collectively “Defendants”). 

 

NATURE OF THE ACTION 

 

1. This is a patent infringement action to stop Defendants’ infringement of United 

States Patent No. 8,417,205 (the “’205 Patent”) (“the Patent-in-Suit”). 

 

PARTIES 

 

1. Plaintiff Frequency is a Texas limited liability company with its principal place of 

business at 211 East Tyler Street, Suite 600-A, Longview, Texas 75601.  

2. On information and belief, Defendant ZTE USA Inc. is a New Jersey corporation 

with its principal place of business at 2425 North Central Expressway, Richardson, Texas 75080.  

On information and belief, ZTE USA Inc. may be served with process via its registered agent, 

Jing Li, at 2425 North Central Expressway, Suite 323, Richardson, Texas 75080. 
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3. On information and belief, Defendant ZTE Corporation is a corporation organized 

and existing under the laws of China, with its principal place of business at No. 55, Hi-tech Road 

South, ShenZhen, P.R.China.  Upon information and belief, ZTE Corporation may be served 

with process at No. 55, Hi-tech Road South, ShenZhen, P.R.China. 

 

JURISDICTION AND VENUE 

4. This action arises under the patent laws of the United States, Title 35 of the 

United States Code.  This Court has subject matter jurisdiction under 28 U.S.C. §§ 1331 and 

1338(a). 

5. The Court has personal jurisdiction over Defendants, including because 

Defendants have minimum contacts within the State of Texas and the Eastern District of Texas; 

Defendants have purposely availed themselves of the privileges of conducting business in the 

State of Texas and the Eastern District of Texas; Defendants regularly conduct business within 

the State of Texas and the Eastern District of Texas; and Plaintiff’s cause of action arises directly 

from Defendants’ business contacts and other activities in the State of Texas and the Eastern 

District of Texas. 

6. On information and belief, within the State of Texas and the Eastern District of 

Texas, Defendants have made and/or used the patented invention with the wireless transceiver 

products identified herein below.  In addition, on information and belief, Defendants have 

derived substantial revenues from their infringing activities within the State of Texas and the 

Eastern District of Texas.   

7. More specifically, Defendants, directly and/or through intermediaries, make, 

distribute, import, offer for sale, sell, advertise, and/or use, wireless transceivers, including 
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wireless access point or routing devices, including the accused products identified herein in the 

State of Texas and the Eastern District of Texas. Defendants have committed patent infringement 

in the State of Texas and the Eastern District of Texas, and/or have induced others to commit 

and/or have contributed to patent infringement in the State of Texas and the Eastern District of 

Texas. Defendants solicit customers in the State of Texas and the Eastern District of Texas. 

Defendants have paying customers who are residents of the State of Texas and the Eastern 

District of Texas and who purchase and/or use Defendants’ infringing products and services in 

the State of Texas and the Eastern District of Texas. 

8. Venue is proper in this district under 28 U.S.C. §§ 1391(c) and 1400(b).  On 

information and belief, Defendants have transacted business in this district, and have committed 

acts of patent infringement in this district. 

COUNT 1: INFRINGEMENT OF U.S. PATENT NO. 8,417,205 

 

9. Plaintiff is the owner by assignment of the ’205 Patent entitled “Antenna 

Selection Scheme for Multiple Antennae” – including all rights to recover for past and future 

acts of infringement.  The ’205 Patent was issued on April 9, 2013.  A true and correct copy of 

the ’205 Patent is attached as Exhibit A. 

10. On information and belief, Defendants have been and now are directly infringing 

the ’205 Patent in this judicial district and elsewhere in the United States.  Infringement by 

Defendants includes, without limitation, making, distributing, selling, advertising and/or using 

one or more wireless transceivers that, in order to mitigate signal deterioration during wireless 

communications, utilize a plurality of antennae from which an antenna or set of antennae 

functioning as one must be selected to perform the wireless communication, using at least one 

quality indicator to determine which antenna(e) to utilize, including, without limitation, 
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Defendants’ smartphone product families (“Accused Products”), infringing at least claim 1 of the 

’205 Patent.  Defendants are thus liable for infringement of the ’205 Patent under 35 U.S.C. § 

271. 

11. Each of Defendants’ aforesaid activities has been without authority and/or license 

from Plaintiff. 

12. Plaintiff is entitled to recover from Defendants the damages sustained by Plaintiff 

as a result of Defendants’ wrongful acts in an amount subject to proof at trial, which by law 

cannot be less than a reasonable royalty, together with interest and costs as fixed by this court 

under 35 U.S.C. § 284. 

PRAYER FOR RELIEF 

 

 WHEREFORE, Plaintiff respectfully requests that this Court enter a judgment: 

 

1.  In favor of Plaintiff that Defendants have infringed the ’205 Patent; 

2.  Requiring Defendants to pay Plaintiff its damages, costs, expenses, and prejudgment 

and post-judgment interest for Defendants’ infringement of the ’205 Patent as provided under 35 

U.S.C. § 284; and 

3.  Granting Plaintiff any and all other relief to which Plaintiff may show itself to be 

entitled. 

DEMAND FOR JURY TRIAL 

Plaintiff, under Rule 38 of the Federal Rules of Civil Procedure, requests a trial by jury of 

any issues so triable by right. 
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Dated: May 8, 2015    Respectfully submitted, 

 

By: /s/ Andrew W. Spangler   

Andrew W. Spangler 

TX SB # 24041960 

SPANGLER LAW P.C. 

208 N. Green Street, Suite 300 

Longview, Texas 75601 

Telephone: 903-753-9300 

Facsimile: 903-553-0403 

spangler@spanglerlawpc.com 

 

 

Attorney for Frequency Systems, LLC 
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(57) ABSTRACT 
Techniques to select an antenna from a plurality of antennae 
used for Wireless communications are described. A ?rst 
embodiment of the techniques is a method to select an 
antenna from a plurality of antennae. The method includes 
monitoring at least one antenna during a fraction of at least 
one preamble period of a frame to derive at least one quality 
indicator corresponding to the antenna; storing the quality 
indicator derived from monitoring the antenna during the 
fraction of the preamble period of a frame; and selectively 
sWitching to a selected antenna after a number of frames, 
based on the quality indicator. A second embodiment is 
another method to select an antenna from a plurality of anten 
nae. These embodiments can be applied in several Wireless 
communication applications using multiple antennae. 

20 Claims, 11 Drawing Sheets 

START 
302 

Monitoring at least one antenna of a plurality of antennae 
during a fraction of at least one preamble period of a frame to 
derive at least one quality indicator corresponding to the at 

least one antenna 
304 

V 

Storing the at least one quality indicator derived from 
monitoring the at least one antenna during the fraction of at 

least one preamble period of a frame 
306 

V 

Selectively switching to a selected antenna of the plurality of 
antennae after a number of frames, based on the at least one 
quality indicator corresponding to the at least one antenna 

308 

ll 
END 
310 
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START 
1 02 

Monitoring over time a 
quality indicator relating to using a first antenna 

104 

If quality indicator does not fail, continue using the first antenna. 
If quality indicator fails a pre-defined value, 

switching to a second antenna 
106 

(PRIOR ART) 
FIG. 1 
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CRC THRESHOLD 
206 

COMPARATOR 
202 

RESULT 204 

i 
NEXT FRAME ANTENNA SELECTION 

MODULE 
206 

(PRIOR ART) 
FIG. 2 
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START 
302 

Monitoring at least one antenna of a plurality of antennae 
during a fraction of at least one preamble period of a frame to 
derive at least one quality indicator corresponding to the at 

least one antenna 
304 

l 
Storing the at least one quality indicator derived from 

monitoring the at least one antenna during the fraction of at 
least one preamble period of a frame 

306 

Selectively switching to a selected antenna of the plurality of 
antennae after a number of frames, based on the at least one 
quality indicator corresponding to the at least one antenna 

308 

FIG. 3 
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START 
402 

Monitoring at least one antenna of a plurality of antennae 
during a fraction of at least one preamble period of a frame to 
derive at least one quality indicator corresponding to the at 

least one antenna 
404 

l 
Storing the at least one quality indicator derived from 

monitoring the at least one antenna during the fraction of at 
least one preamble period of a frame 

406 

Selectively switching to a selected antenna of the plurality of 
antennae after a number of frames, based on the at least one 
quality indicator corresponding to the at least one antenna, 

wherein the number of frames equals or exceeds the number 
of antennae in the plurality of antennae 

408 

FIG. 4 
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START 
502 

Monitoring at least one antenna of a plurality of antennae during a 
fraction of at least one preamble period of a frame to derive at least 
one quality indicator corresponding to the at least one antenna, 

wherein this monitoring uses a subset of frames having a number 
equal to a nonzero integer multiple of a total number of frames 
divided by the number of antennae in the plurality of antennae 

504 

l 
Storing the at least one quality indicator derived from monitoring the 

at least one antenna during the fraction of at least one preamble 
period of a frame 

506 

Selectively switching to a selected antenna of the plurality of 
antennae after a number of frames, based on the at least one quality 

indicator corresponding to the at least one antenna, wherein the 
number of frames equals a nonzero integer multiplied by the number 

of antennae in the plurality of antennae 
508 

FIG. 5 
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START 
602 

Monitoring at least one antenna of a plurality of antennae during a 
fraction of at least one preamble period of a frame to derive at least 

one quality indicator corresponding to the at least one antenna 
604 

l 
Storing the at least one quality indicator derived from monitoring the 

at least one antenna during the fraction of at least one preamble 
period of a frame 

606 

Selectively switching to a selected antenna of the plurality of 
antennae after a number of frames, based on the at least one quality 

indicator corresponding to the at least one antenna, wherein the 
number of frames equals the number of antennae in the plurality of 

antennae 
608 

END 
610 

FIG. 6 
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START 
702 

Monitoring at least one antenna of a plurality of antennae during a 
fraction of at least one preamble period of a frame to derive at least 
one quality indicator corresponding to the at least one antenna 

704 

l 
Storing the at least one quality indicator derived from monitoring the 

at least one antenna during the fraction of at least one preamble 
period of a frame 

706 

l 
Selectively switching to a selected antenna of the plurality of 

antennae after a number of frames, based on the at least one quality 
indicator corresponding to the at least one antenna, wherein the 
number of frames is determined by performing a round-robin 

sequence of monitoring each antenna of the plurality of antennae for 
one or more frames 

708 

FIG. 7 
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Monitor at least one 
quality indicator of a second 
antenna during a fraction of 
preamble of the next frame. 
Store the at least one quality 

indicator. 
808 

Monitor at least one 
quality 

indicator corresponding to 
a ?rst antenna. 

802 

Monitor at least one 
quality indicator of each 

remaining antenna during a 
fraction of the preamble of a 
successive frame. Store the 
at least one quality indicator. 
Has every antenna been 

monitored during a fraction 
of a preamble of a frame 

at least once? 
812 

Does another 
antenna have a 

significantly better 
quality indictor than the 
antenna currently being 

used? 
818 

Switch to the better antenna. 
Then go to state 802 with this 
new antenna in the role of the 

first antenna. 
824 

FIG. 8 
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START 
902 

Monitoring at least one antenna of a plurality of antennae during a 
fraction of at least one preamble period of a frame to derive at least 

one quality indicator corresponding to the at least one antenna 
904 

V 
Storing the at least one quality indicator derived from monitoring the 

at least one antenna during the fraction of at least one preamble 
period of a frame 

906 

l 
Comparing the at least one quality indicator corresponding to each 

antenna of the plurality of antennae 
908 

l 
Selectively switching to a selected antenna of the plurality of 

antennae after a number of frames, based on the 
at least one quality indicator 

910 

FIG. 9 
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START 
1002 

Monitoring and storing at least one quality indicator corresponding 
to each antenna, by monitoring each antenna during a fraction of a 
preamble period of a successive frame in a round-robin sequence 

1004 

Does another antenna 
besides the current antenna have a significantly NO 

better quality indicator? 
1006 

Keeping 
current 

antenna and 
repeating the 

Switching to the mon'tor'ng 
antenna that has the Sequence for 
better quality indicator each antenna 

1010 of the 
plurality of 
antennae 

1008 

G0 to Go to 
Step 1004 Step 1004 

FIG. 10 
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L1 106 \\ 
1108 

FIG. 11 
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ANTENNA SELECTION SCHEME FOR 
MULTIPLE ANTENNAE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to Wireless voice and data commu 

nications, and more particularly to methods and systems to 
select an antenna in Wireless transmission communication 
systems. 

2. Description of the Prior Art 
There are several Wireless communication standards. For 

example, the Institute of Electrical and Electronic Engineers 
(IEEE) has established a Wireless standard, IEEE 802.16e. 
The IEEE 802.16e standard (IEEE 802.16e) outlines Media 
Access Control (MAC) and Physical Layer (PHY) speci?ca 
tions for Wireless netWorks. The speci?cation of the IEEE 
802.16e addresses transmission of data in Wireless netWorks. 
In particular, the IEEE 802.16e standard addresses commu 
nication in Wireless asynchronous transfer mode (ATM) sys 
tems, covering frequencies of operation betWeen 2.5 giga 
hertZ (GHZ) and 6 GHZ. As is knoWn in the art, IEEE 802.16e 
uses a modulation method called orthogonal frequency-divi 
sion multiplexing access (OFDMA), Which alloWs commu 
nication to occur at extremely high data speeds by transmit 
ting data over multiple frequency channels over a Wide 
frequency range. 

The IEEE 802.16e speci?cation includes mechanisms to 
maximiZe data transmission and reception reliability in 
packet transmission. Typically, several processes are per 
formed in the receiver to ultimately receive the transmitted 
data, including: synchronization, channel estimation and 
equaliZation, OFDM demodulation (e.g., by Fast Fourier 
Transforms), demapping, de-interleaving, decoding, and 
descrambling. The more relevant sections of the IEEE 
802.16e speci?cation for the discussion beloW include sec 
tions 8.4.2, 8.4.4, 8.4.6, and 8.4.9, Which are hereby incorpo 
rated by reference. 

The antennae used for the transmission or receipt of these 
packets play a crucial role. An antenna is a device that trans 
mits or receives electromagnetic Wave signals. The signals 
may be, for example, received by another antenna located at 
a proximate or a distant location. The antennae may be 
mounted Within, for example, a transmission or receiving 
device in a Wireless communication netWork. Some examples 
of transmission devices include Wireless base station or 
access point devices, and mobile station devices. One 
example Wireless communication netWork system is dis 
closed in the Mobile WiMAX Technical OvervieW and Per 
formance Evaluation document prepared on behalf of the 
WiMAX Forum and published on Feb. 21, 2006, Which is 
hereby incorporated by reference. 

The method of selecting an antenna from a plurality of 
antennae to attain a superior channel is very important in 
maintaining a communication link. In Wireless communica 
tions, multiple-antenna can signi?cantly improve the system 
robustness and throughput. Typically, a receiver has a default 
mechanism to select a neW antenna When the current antenna 
has an unacceptable level of quality and continues operations 
by using the neW antenna until it degrades unacceptably. 
Unfortunately, since mobile station devices usually have a 
single radio-frequency base band (RF-BB) path, it extremely 
dif?cult for a mobile station device to determine Which 
antenna offers the best channel Without actually using the 
antenna. Thus, it is likely that the mobile station device Will 
perform Worse after the sWitch to the neW antenna. When this 
occurs, the mobile station device often iterates through 
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2 
untried antennae searching for an antenna that Would Work. 
Such antenna search iterations can result in a lengthy interval 
of service outage for the mobile station device. 

Ideally, an antenna selection (AS) scheme should choose 
an antenna With the best channel quality from all the available 
antennae. HoWever, since in many embodiments only one 
RF-BB path exists in the transceiver, it is dif?cult to simulta 
neously monitor the channel quality of all the antennae. A 
practical Way is to choose one antenna until some quality 
indicator, such as bit error rate (BER), frame error rate (FER), 
or receipt Not Acknowledged (NACK) rate, is Worse than 
some acceptable level, then sWitching to another antenna. 
This kind of scheme does not exploit the full bene?t of 
antenna selection diversity because its antenna selection is 
passive and not optimal. 

Normally, an antenna selection is based on the value of a 
quality indicator, related either to the antenna used and/or the 
communication channel (e.g., an antenna gain ?gure, a cycli 
cal redundancy check (CRC) parameter, a receive signal 
strength indicator (RS SI), a carrier to interference+noise ratio 
(CINR), a signal-to-noise ?gure, a bit error rate, a symbol 
error rate, or an equivalent quality indicator). The types of 
quality indicators may also be divided into tWo major catego 
ries: (1) those Which are designed to monitor signal transmis 
sions and select an antenna as the signal is received and (2) 
those Which are designed to monitor signal transmissions and 
select an antenna after the signal is received. 

FIG. 1 illustrates a ?owchart of a method to sWitch among 
a plurality of antennae based on a quality indicator, according 
to the prior art. The sequence starts in operation 102. Opera 
tion 104 is next and includes monitoring over time a quality 
indicator relating to the use of a ?rst antenna. Operation 106 
is next and includes using the ?rst antenna if the quality 
indicator does not fail, and if the quality indicator fails a 
pre-de?ned value, sWitching to another antenna. The method 
ends in operation 108. In the prior art, it should be noted that 
the number of available antennae is perhaps very small, so 
that antennae are typically chosen in one standard sequence. 
There is no provision in a prior art antenna selection method 
or module for optionally selecting the next antenna based in 
part on any quality indicator predicting the condition or reli 
ability of other possible antenna choices. 

In a time division multiplexed access (TDMA) Wireless 
system, for example, the antenna selection is controlled by 
softWare or logic circuitry. In this system, a CRC parameter or 
an equivalent is generally used to select an antenna after the 
signal is received. The CRC is based on polynomial division 
in Which each bit of a packet of data represents one coef?cient 
of a polynomial. The polynomial is then divided by a pre 
programmed polynomial to yield a quotient polynomial and 
in some cases a remainder polynomial. When the division 
yields a remainder polynomial, the system assumes that a 
transmission error occurred and selects another antenna. If, 
hoWever, the division does not yield a remainder polynomial, 
the system assumes no transmission errors occurred and 
therefore does not select another antenna. 
One example of a current antenna selection process is 

illustrated in FIG. 2. Comparator 202 receives inputs CRC 
204 and CRC threshold 206 as inputs and then produces a 
result 204 coupled to the next frame antenna selection module 
206. A CRC error rate that produces good speech quality is 
used as a threshold for selecting an appropriate antenna. If the 
present antenna provides a CRC error that is beloW the thresh 
old value, no antenna sWitching occurs. HoWever, When the 
CRC error rate rises above the threshold value, another 
antenna is selected. 
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While the CRC comparison provides an antenna selection 
by monitoring transmitted data, it has disadvantages. Its pri 
mary shortcoming is that antenna selections are not made in 
real time. The present antenna selected is based on a previous 
CRC comparison, Which does not change until the antenna 
receives a poor quality signal. The time delay that exists 
betWeen receiving an incoming signal and selecting another 
antenna makes the selection process susceptible to errors due 
to interference. A CRC selection may be accurate if a trans 
mitter or receiver is stationary or moves at a sloW rate of 
speed, because the communication environment is subject 
only to slight variations in time. HoWever, When a transmitter 
or receiver moves at a high rate of speed, this time delayed 
process may be ineffective because it may not react to a 
changing environment and thus, it may be susceptible to 
interference. 

Another technique for antenna selection monitors signal 
transmissions and selects an antenna as the signals are 
received. Preamble diversity sWitching is an example of a 
system that provides real-time measurements and real-time 
antenna selection. Preamble diversity sWitching sequentially 
measures the receive signal strength of a diversity of antennae 
at the beginning of each extended preamble. The receive 
signal levels of each antenna, Which are the receive signal 
strength indicators (RSS1), are stored and compared. The 
antenna With the higher RSS1 value is selected. When the 
RSS1 value associated With another antenna is higher, that 
antenna is then selected. 

The preamble antenna selection process provides the ben 
e?t of selecting an antenna as signals are received. The system 
is less affected by rapid environmental change. HoWever, 
problems arise When differences between RSS1 values are 
insigni?cant. When insigni?cant differences exist, the system 
may experience some uncertainty When selecting an antenna. 
This is simply because minor differences in RSS1 values 
indicate that the signal qualities received by the antennae are 
similar and therefore, an antenna selection Will not necessar 
ily improve the receiving quality. Therefore, a conventional 
preamble diversity sWitching process may not be the best 
method for selecting an antenna. 

It is not unusual for an antenna to receive a signal across a 
fading channel. Multiple antennae are typically used in com 
munication systems to provide another option to turn to, in the 
event of poor signal reception due to a fading channel, so that 
a good channel With no fading can be found. Some examples 
of a fading channel include phase shift in the signal and 
multi-path interference errors. The RF energy that is trans 
mitted betWeen antennae can experience destructive and con 
structive interference due to multiple paths taken by the 
energy With multiple delays on the Way to a receive antenna. 
The interference can cause a receive antenna to receive a 

packet in error or to miss a packet entirely. 
Ideally, an antenna selection is used When a particular 

channel is fading due to multi-path effects so that changing 
from one antenna to another antenna provides another com 
munication channel that in all probability is not fading. Try 
ing and testing of multiple antennae typically takes place 
during a preamble, header, or training portion of the packet. 
The preamble is examined rather than the data so that no data 
are lost While the different antennae are being tested. 

There are several reasons Why this approach has been dif 
?cult to implement for the IEEE 802.16e standard, and for 
any other high data rate radio system. First, the packet pre 
amble in IEEE 802.16e is quite short, because a short pre 
amble is desirable in any high data rate communications 
system in order to keep the e?iciency of the communications 
system high. If the preamble is a long period in time, then the 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
ef?ciency is loW. While having a short preamble is good for 
e?iciency, the short preamble reduces the time available to 
test the antennae. SWitching from one antenna to another 
antenna also takes a certain time based on the physical con 
straints of driving electrical sWitches. In addition, there is a 
minimum time needed to measure the signal from a given 
antenna to effectively determine the quality of the signal. 
When the measurement time (i.e., no more than the duration 
of the preamble) is very short, a very poor estimate of the 
quality may be obtained if many antennae are tested. 
At higher frequencies, the signal is more directional and is 

more easily interrupted by relative movements of the trans 
mitter and/ or receiver. Furthermore, at higher frequencies the 
amount of data transmitted in a unit of time increases, creat 
ing a need to avoid or minimiZe interruptions caused by 
antenna failure. Therefore, an antenna selection should be 
optimiZed as much as possible to deal With the greater vul 
nerabilities and consequences of higher frequency and faster 
data transmission environments. 

In vieW of the foregoing, What is needed is an improved 
method and system to more closely optimiZe the selection of 
an antenna from a plurality of antennae When an antenna 
and/or channel is degrading during use. Wideband Wireless 
antenna applications and narroWband Wireless antenna appli 
cations could both bene?t from such methods and systems. 

SUMMARY OF THE INVENTION 

The present invention can be implemented in numerous 
Ways, such as by a method, a circuit, or a system. TWo aspects 
of the invention are described beloW. 
A ?rst aspect of the invention is directed to a method to 

select among a plurality of antennae based on at least one 
quality indicator. The method includes monitoring at least 
one antenna of a plurality of antennae during a fraction of at 
least one preamble period of a frame to derive at least one 
quality indicator corresponding to the at least one antenna; 
storing the at least one quality indicator derived from moni 
toring the at least one antenna during the fraction of at least 
one preamble period of a frame; and selectively sWitching to 
a selected antenna of the plurality of antennae after a number 
of frames, based on the at least one quality indicator. 
A second aspect of the invention is directed to a method to 

select among a plurality of antennae based on at least one 
quality indicator. The method includes monitoring at least 
one antenna of a plurality of antennae during a fraction of at 
least one preamble period of a frame to derive at least one 
quality indicator corresponding to the at least one antenna; 
storing the at least one quality indicator derived from moni 
toring the at least one antenna during the fraction of at least 
one preamble period of a frame; comparing the at least one 
quality indicator corresponding to each antenna of the plural 
ity of antennae; and selectively sWitching to a selected 
antenna of the plurality of antennae after a number of frames, 
based on the at least one quality indicator. 

These and other objects and advantages of the invention 
Will become apparent to those skilled in the art from the 
folloWing detailed description of the invention and the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a ?owchart of a conventional antenna 
selection process for a plurality of antennae, in accordance 
With the prior art. 

FIG. 2 illustrates a comparator for comparing CRC values, 
in accordance With the prior art. 
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FIG. 3 illustrates a ?owchart of a method to switch among 
a plurality of antennae based on at least one quality indicator, 
according to one embodiment of the invention. 

FIG. 4 illustrates a ?owchart of a method to switch among 
a plurality of antennae based on at least one quality indicator, 
according to one embodiment of the invention. 

FIG. 5 illustrates a ?owchart of a method to switch among 
a plurality of antennae based on at least one quality indicator, 
according to one embodiment of the invention. 

FIG. 6 illustrates a ?owchart of a method to switch among 
a plurality of antennae based on at least one quality indicator, 
according to one embodiment of the invention. 

FIG. 7 illustrates a ?owchart of a method to switch among 
a plurality of antennae based on at least one quality indicator, 
according to one embodiment of the invention. 

FIG. 8 illustrates a state diagram of the quality indicator 
testing and antenna transitions, in accordance with one 
embodiment of the invention. 

FIG. 9 illustrates a ?owchart of a method to switch among 
a plurality of antennae based on at least one quality indicator, 
according to one embodiment of the invention. 

FIG. 10 illustrates a ?owchart of a method to switch among 
a plurality of antennae based on a quality indicator, in accor 
dance with one embodiment of the invention. 

FIG. 11 illustrates a two-antenna example of a method to 
select among a plurality of antennae, in accordance with one 
embodiment of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The invention provides a method and a system to more 
closely optimiZe the selection of an antenna in wireless com 
munication systems. Various embodiments of the invention 
can be applied to communication applications, biological 
applications, medical applications, electronic applications, 
and any other applications where a better antenna or channel 
selection algorithm can be bene?cially used in communica 
tions. In the speci?cation, drawings, and claims, any instance 
of the term radio-frequency is de?ned as any electromagnetic 
signal frequency in the frequency range of 50,000 to 100,000, 
000,000 cycles per second (Hertz). 

Other terms used below and in the ?gures are de?ned as 
follows. AS represents antenna selection. RF-BB represents 
radio-frequency base band. BER is bit error rate. FER is 
frame error rate. NACK represents Not Acknowledged, 
which means the reception failed and transmission should be 
repeated. 

There are several possible antenna quality indicators 
besides BER, FER, or NACK, including an antenna gain 
?gure, a cyclical redundancy check (CRC) parameter, a 
receive signal strength indicator (RSSI), a carrier to interfer 
ence+noise ratio (CINR), a signal-to-noise ?gure, a symbol 
error rate, or an equivalent quality indicator. In certain 
embodiments of the invention, one or more of these quality 
indicators can be utiliZed, either separately or in combination. 

FIG. 3 illustrates a ?owchart of a method to switch among 
a plurality of antennae based on at least one quality indicator, 
according to one embodiment of the invention. The sequence 
starts in operation 302. Operation 304 is next and includes 
monitoring at least one antenna of a plurality of antennae 
during a fraction of at least one preamble period of a frame to 
derive at least one quality indicator corresponding to the at 
least one antenna. Operation 306 is next and includes storing 
the at least one quality indicator derived from monitoring the 
at least one antenna during the fraction of at least one pre 
amble period of a frame. Operation 308 is next and includes 
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6 
selectively switching to a selected antenna of the plurality of 
antennae after a number of frames, based on the at least one 
quality indicator corresponding to the at least one antenna. 
The method ends in operation 310. 

FIG. 4 illustrates a ?owchart of a method to switch among 
a plurality of antennae based on at least one quality indicator, 
according to one embodiment of the invention. The sequence 
starts in operation 402. Operation 404 is next and includes 
monitoring at least one antenna of a plurality of antennae 
during a fraction of at least one preamble period of a frame to 
derive at least one quality indicator corresponding to the at 
least one antenna. Operation 406 is next and includes storing 
the at least one quality indicator derived from monitoring the 
at least one antenna during the fraction of at least one pre 
amble period of a frame. Operation 408 is next and includes 
selectively switching to a selected antenna of the plurality of 
antennae after a number of frames, based on the at least one 
quality indicator corresponding to the at least one antenna, 
wherein the number of frames equals or exceeds the number 
of antennae in the plurality of antennae. The method ends in 
operation 410. 

FIG. 5 illustrates a ?owchart of a method to switch among 
a plurality of antennae based on at least one quality indicator, 
according to one embodiment of the invention. The sequence 
starts in operation 502. Operation 504 is next and includes 
monitoring at least one antenna of a plurality of antennae 
during a fraction of at least one preamble period of a frame to 
derive at least one quality indicator corresponding to the at 
least one antenna, wherein this monitoring uses a subset of 
frames having a number equal to a nonZero integer multiple of 
a total number of frames divided by the number of antennae in 
the plurality of antennae. Operation 506 is next and includes 
storing the at least one quality indicator derived from moni 
toring the at least one antenna during the fraction of at least 
one preamble period of a frame. Operation 508 is next and 
includes selectively switching to a selected antenna of the 
plurality of antennae after a number of frames, based on the at 
least one quality indicator corresponding to the at least one 
antenna, wherein the number of frames equals a nonZero 
integer multiplied by the number of antennae in the plurality 
of antennae. The method ends in operation 510. 

FIG. 6 illustrates a ?owchart of a method to switch among 
a plurality of antennae based on at least one quality indicator, 
according to one embodiment of the invention. The sequence 
starts in operation 602. Operation 604 is next and includes 
monitoring at least one antenna of a plurality of antennae 
during a fraction of at least one preamble period of a frame to 
derive at least one quality indicator corresponding to the at 
least one antenna. Operation 606 is next and includes storing 
the at least one quality indicator derived from monitoring the 
at least one antenna during the fraction of at least one pre 
amble period of a frame. Operation 608 is next and includes 
selectively switching to a selected antenna of the plurality of 
antennae after a number of frames, based on the at least one 
quality indicator corresponding to the at least one antenna, 
wherein the number of frames equals the number of antennae 
in the plurality of antennae. The method ends in operation 
610. 

FIG. 7 illustrates a ?owchart of a method to switch among 
a plurality of antennae based on at least one quality indicator, 
according to one embodiment of the invention. The sequence 
starts in operation 702. Operation 704 is next and includes 
monitoring at least one antenna of a plurality of antennae 
during a fraction of at least one preamble period of a frame to 
derive at least one quality indicator corresponding to the at 
least one antenna. Operation 706 is next and includes storing 
the at least one quality indicator derived from monitoring the 
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at least one antenna during the fraction of at least one pre 
amble period of a frame. Operation 708 is next and includes 
selectively switching to a selected antenna of the plurality of 
antennae after a number of frames, based on the at least one 
quality indicator corresponding to the at least one antenna, 
wherein the number of frames is determined by performing a 
round-robin sequence of monitoring each antenna of the plu 
rality of antennae for one or more frames. The method ends in 
operation 710. It should be noted that alternative embodi 
ments of the invention, depending on the circumstances, can 
alternatively utiliZe other monitoring sequences (e.g., a lim 
ited subset, pre-selected, random, or selectively repetitive 
monitoring sequence, or an equivalent monitoring sequence) 
beside a round-robin sequence of monitoring each antenna. 

FIG. 8 illustrates a state diagram of the quality indicator 
testing and antenna transitions, in accordance with one 
embodiment of the invention. State 802 includes monitoring 
at least one quality indicator related with a ?rst antenna in a 
?rst frame. In the second frame, there is a jump 804 to state 
808 includes monitoring at least one quality indicator of a 
second antenna during a fraction of a preamble of the second 
frame, and storing the at least one quality indicator. In the next 
frame there is a jump 810 to state 812. State 812 includes 
monitoring at least one quality indicator of each remaining 
antenna during a fraction of the preamble of a successive 
frame, and storing the at least one quality indicator. Has every 
antenna been monitored during a fraction of a preamble of a 
frame at least once? If there is another antenna, there is a jump 
814 back to state 812. If there are no more antennae, there is 
a jump 816 to state 818. State 818 includes testing if another 
antenna has a signi?cantly better quality indicator than the 
antenna currently being used? If there is no signi?cantly 
better antenna, then there is a jump 820 back to the ?rst 
antenna in state 802. If there is a signi?cantly better antenna, 
then there is a jump 822 to state 824, which includes switch 
ing to the better antenna, then making a jump 826 to state 802 
with the better antenna in the role of the ?rst antenna. 

FIG. 9 illustrates a ?owchart of a method to switch among 
a plurality of antennae based on at least one quality indicator, 
according to one embodiment of the invention. The sequence 
starts in operation 902. Operation 904 is next and includes 
monitoring at least one antenna of a plurality of antennae 
during a fraction of at least one preamble period of a frame to 
derive at least one quality indicator corresponding to the at 
least one antenna. Operation 906 is next and includes storing 
the at least one quality indicator derived from monitoring the 
at least one antenna during the fraction of at least one pre 
amble period of a frame. Operation 908 is next and includes 
comparing the at least one quality indicator corresponding to 
each antenna of the plurality of antennae. Operation 910 is 
next and includes selectively switching to a selected antenna 
of the plurality of antennae after a number of frames, based on 
the at least one quality indicator corresponding to the at least 
one antenna. The method ends in operation 912. 

FIG. 10 illustrates a ?owchart of a method to switch among 
a plurality of antennae based on at least one quality indicator, 
according to one embodiment of the invention. The sequence 
starts in operation 1002. Operation 1004 is next and includes 
monitoring and storing at least one quality indicator corre 
sponding to each antenna of a plurality of antennae, monitor 
ing each antenna during a fraction of a preamble period of a 
successive frame in a round-robin sequence. Operation 1006 
is next and includes testing if another antenna besides the 
current antenna has a signi?cantly better quality indicator? If 
the result of the test in operation 1006 is no, then operation 
1008 is next and includes keeping the current antenna and 
repeating the monitoring sequence for each antenna of the 
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8 
plurality of antennae, and going to operation 1004. If the 
result of the test in operation 1006 is yes, then operation 1010 
is next and includes switching to the better antenna that has 
the better quality indicator, and going to operation 1004. 

In some communication systems, such as 802.16 
OFDMA, at least one preamble symbol exists in each frame. 
The purpose of preamble is to help the mobile station (MS) to 
synchroniZe with the base station (BS) by estimating channel 
delay and the carrier frequency offset (CFO). After initial 
synchronization, it may be not necessary for the MS to use the 
preamble in each frame to re-do the synchronization, because 
the frame is short (e.g., 5 milliseconds in 802.16-OFDMA) 
and the channel delay and the CFO variation could be small. 
Thus it is feasible to temporarily switch to another antenna 
during the preamble time to monitor channel quality of other 
antennae. 

FIG. 11 illustrates a two-antenna example of a method to 
select among a plurality of antennae, in accordance with one 
embodiment of the invention. The simplest example would be 
a two-antenna system. The currently selected antenna is 
antenna #1. For each odd number of frames 1102, one 
embodiment of the invention connects the RF-BB path to 
antenna #2 during the preamble symbol receiving time 1106 
to measure a quality indicator (e.g., the power of preamble 
symbols received, or an equivalent quality indicator) from 
antenna #2. For the even number of frames 1104, the RF-BB 
path is still connected to antenna #1. For the even number of 
frames, one embodiment of the invention also measures a 
quality indicator (e. g., the power of preamble symbols 
received, or an equivalent quality indicator) from antenna #1 
during the preamble symbol receiving time 1108. Such an 
embodiment would then compare the quality indicator (e. g., 
the power of preamble from two antennae) and select the 
antenna with the better quality indicator (e. g., the larger mea 
sured preamble power). The selected antenna will be used for 
signal transmission and receiving due to the symmetry of the 
DL channels 1110 and UL channels 1112. 

Alternative embodiments of this invention utiliZe addi 
tional information (e.g., other quality indicators) to decide 
how frequently and when to switch from the currently used 
antenna to another antenna for measurement of a quality 
indicator (e. g., preamble power, or other quality indicator). In 
alternative embodiments, the quality indicator (e.g., pre 
amble power, or other quality indicator) from each antenna 
can be averaged over a number of frames before comparison. 

Several embodiments of the invention are possible. The 
phrase “in one embodiment” used in the speci?cation can 
refer to a new embodiment, a different embodiment disclosed 
elsewhere in the application, or the same embodiment dis 
closed earlier in the application. The exemplary embodiments 
described herein are for purposes of illustration and are not 
intended to be limiting. Therefore, those skilled in the art will 
recogniZe that other embodiments could be practiced without 
departing from the scope and spirit of the claims set forth 
below. 

What is claimed is: 
1. A method to select an antenna among a plurality of 

antennae based on at least one quality indicator, the method 
comprising: 

monitoring at least one antenna of the antennae during a 
fraction of at least one preamble period of a frame to 
derive at least one quality indicator corresponding to the 
at least one antenna; 

storing the at least one quality indicator derived from moni 
toring the at least one antenna during the fraction of at 
least one preamble period of a frame; and 
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selectively switching to a selected antenna of the antennae 
after a number of frames, based on the at least one 
quality indicator corresponding to the at least one 
antenna, Wherein the number of frames equals or 
exceeds the number of antennae in the plurality of anten 
nae. 

2. The method of claim 1, Wherein the method is imple 
mented in a transceiver equipped With the antennae. 

3. The method of claim 1, Wherein the number of frames 
equals a nonZero integer multiplied by a number of antennae 
in the plurality of antennae. 

4. The method of claim 1, Wherein the method is imple 
mented in a transceiver equipped With the antennae, the trans 
ceiver is one of a Wireless base station, an access point device, 
and a mobile device. 

5. The method of claim 1, Wherein the number of frames is 
determined by performing a round-robin sequence of moni 
toring each antenna of the plurality of antennae for one or 
more frames. 

6. The method of claim 1, Wherein the monitoring of at 
least one antenna of the plurality of antennae monitors the at 
least one antenna during a fraction of at least one preamble 
period during a plurality of frames before selectively sWitch 
ing to the selected antenna. 

7. The method of claim 1, Wherein the at least one quality 
indicator of the selected antenna must exceed the at least one 
quality indicator corresponding to each antenna of the 
remaining antennae of the plurality of antenna by a pre 
de?ned quality indicator margin, before selectively sWitching 
to the selected antenna. 

8. The method of claim 1, Wherein the selectively sWitch 
ing to a selected antenna occurs during a portion of a pre 
amble period of one frame. 

9. The method of claim 1, Wherein the plurality of antennae 
is used in Wideband applications substantially compatible 
With a Wireless standard. 

10. A method to select an antenna among a plurality of 
antennas based on at least one quality indicator, the method 
comprising: 

monitoring each of the antennas during a fraction of at least 
one preamble period of a frame to derive at least one 
quality indicator corresponding to the each of the anten 
nas; 

storing the at least one quality indicator derived from moni 
toring the each of the antennas; 

comparing the stored at least one quality indicator With the 
at least one quality indicator corresponding to an 
antenna currently being used, Wherein the antenna cur 
rently being used is one of the antennas; and 

selectively sWitching to a selected antenna of the antennas 
after a number of frames When the stored at least one 
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quality indicator corresponding to the selected antenna 
is signi?cantly better than the at least one quality indi 
cator corresponding to the antenna currently being used, 
Wherein the number of frames equals or exceeds the 
number of antennas. 

11. The method of claim 10, Wherein the antennas are 
equipped in a Wireless transceiver. 

12. The method of claim 10, Wherein the number of frames 
equals a nonZero integer multiplied by the number of anten 
nae in the plurality of antennae. 

13. The method of claim 10, Wherein the number of frames 
equals the number of antennae in the plurality of antennae. 

14. The method of claim 10, Wherein the number of frames 
is determined by performing a round-robin sequence of moni 
toring each antenna of the plurality of antennae for one or 
more frames. 

15. A method implemented in a transceiver equipped With 
at least a ?rst antenna and a second antenna and for selecting 
one of the at least ?rst and second antennas for the transceiver 
to continue communication, the method comprising: 

monitoring the ?rst antenna during a fraction of a preamble 
period of a frame to derive a quality indicator corre 
sponding to the ?rst antenna; 

comparing the quality indicator corresponding to the ?rst 
antenna With a quality indicator corresponding to the 
second antenna currently being used; and 

sWitching from the second antenna to the ?rst antenna after 
a number of frames When the quality indicator corre 
sponding to the ?rst antenna is signi?cantly better than 
the quality indicator corresponding to the second 
antenna currently being used, or continuing to use the 
second antenna When the one quality indicator corre 
sponding to the ?rst antenna is not signi?cantly better 
than the quality indicator corresponding to the second 
antenna currently being used, Wherein the number of 
frames equals or exceeds tWo. 

16. The method of claim 15, Wherein the quality indicator 
is related to one or more of a bit error rate (BER), a frame error 

rate (FER), or a receipt Not Acknowledged (NACK) rate. 
17. The method of claim 15, Wherein the transceiver has a 

single radio-frequency base-band (RF-BB) path. 
18. The method of claim 17, Wherein the transceiver is a 

Wireless base station, an access point device, or a mobile 
device. 

19. The method of claim 15, Wherein said sWitching from 
the second antenna to the ?rst antenna occurs during a portion 
of a preamble period of one frame. 

20. The method of claim 15, Wherein the transceiver is used 
in Wideband applications substantially compatible With a 
Wireless standard. 
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United States plaintiff.  (1) Jurisdiction based on 28 U.S.C. 1345 and 1348.  Suits by agencies and officers of the United States are included here.
United States defendant.  (2) When the plaintiff is suing the United States, its officers or agencies, place an "X" in this box.
Federal question.  (3) This refers to suits under 28 U.S.C. 1331, where jurisdiction arises under the Constitution of the United States, an amendment 
to the Constitution, an act of Congress or a treaty of the United States.  In cases where the U.S. is a party, the U.S. plaintiff or defendant code takes 
precedence, and box 1 or 2 should be marked.
Diversity of citizenship.  (4) This refers to suits under 28 U.S.C. 1332, where parties are citizens of different states.  When Box 4 is checked, the 
citizenship of the different parties must be checked.  (See Section III below; NOTE: federal question actions take precedence over diversity 
cases.)

III.  Residence (citizenship) of Principal Parties.  This section of the JS 44 is to be completed if diversity of citizenship was indicated above.  Mark this
section for each principal party.

IV. Nature of Suit.  Place an "X" in the appropriate box.  If the nature of suit cannot be determined, be sure the cause of action, in Section VI below, is 
sufficient to enable the deputy clerk or the statistical clerk(s) in the Administrative Office to determine the nature of suit.  If the cause fits more than 
one nature of suit, select the most definitive.

V. Origin.  Place an "X" in one of the six boxes.
Original Proceedings.  (1) Cases which originate in the United States district courts.
Removed from State Court.  (2) Proceedings initiated in state courts may be removed to the district courts under Title 28 U.S.C., Section 1441.  
When the petition for removal is granted, check this box.
Remanded from Appellate Court.  (3) Check this box for cases remanded to the district court for further action.  Use the date of remand as the filing 
date.
Reinstated or Reopened.  (4) Check this box for cases reinstated or reopened in the district court.  Use the reopening date as the filing date.
Transferred from Another District.  (5) For cases transferred under Title 28 U.S.C. Section 1404(a).  Do not use this for within district transfers or 
multidistrict litigation transfers.
Multidistrict Litigation.  (6) Check this box when a multidistrict case is transferred into the district under authority of Title 28 U.S.C. Section 1407.  
When this box is checked, do not check (5) above.

VI. Cause of Action.  Report the civil statute directly related to the cause of action and give a brief description of the cause.  Do not cite jurisdictional 
statutes unless diversity.  Example: U.S. Civil Statute: 47 USC 553  Brief Description: Unauthorized reception of cable service

VII. Requested in Complaint.  Class Action.  Place an "X" in this box if you are filing a class action under Rule 23, F.R.Cv.P.
Demand.  In this space enter the actual dollar amount being demanded or indicate other demand, such as a preliminary injunction.
Jury Demand.  Check the appropriate box to indicate whether or not a jury is being demanded.

VIII. Related Cases.  This section of the JS 44 is used to reference related pending cases, if any.  If there are related pending cases, insert the docket 
numbers and the corresponding judge names for such cases.

Date and Attorney Signature.  Date and sign the civil cover sheet.

Case 2:15-cv-00705   Document 1-2   Filed 05/08/15   Page 2 of 2 PageID #:  25


	Blank Page

	Plaintiff: FREQUENCY SYSTEMS, LLC
	Date: 5/8/2015
	b_County_of_Residence_of: GREGG
	FirmName: Andrew W. Spangler, Spangler Law P.C., 208 N. Green Street, Suite 300, Longview, Texas 75601 (903) 753-9300
	Basis of Jurisdiction: 3.Federal_Question
	Nature of Suit: 830
	V: 
	Origin: 1

	CauseofAction: 35 U.S.C. 1 et seq.
	Brief Description: Patent Infringement
	CHECK_IF_THIS_IS_A_CLASS: Off
	Demand: 
	JUDGE: 
	Sig: /s/ Andrew W. Spangler
	Button: 
	Reset: 
	Print1: 
	SaveAs: 

	Defendant: ZTE USA INC. &ZTE CORPORATION,
	County_of_Residence_of_Fi: DALLAS
	Attorneys: 
	7: Off
	8: Off
	11: Off
	12: Off
	15: Off
	16: Off
	9: Off
	10: Off
	13: Off
	14: Off
	17: Off
	18: Off
	CHECK_YES_only_if_demand1: Yes
	DOCKET_NUMBER: 


