
 

 

IN THE UNITED STATES DISTRICT COURT 

FOR THE DISTRICT OF DELAWARE 

 

STEELHEAD LICENSING  LLC, 

 

                    Plaintiff, 

 

          v. 

 

ZTE CORPORATION, ZTE (USA) INC., 

and ZTE SOLUTIONS, INC., 

 

                    Defendants. 

 

 

 

C.A. No.________________ 

 

TRIAL BY JURY DEMANDED 

 

COMPLAINT FOR PATENT INFRINGEMENT 

 

 Plaintiff Steelhead Licensing LLC (“Steelhead”), by and through its undersigned counsel, 

for its Complaint against ZTE Corporation (“ZTE”), ZTE (USA), Inc. (“ ZTE USA”), and ZTE 

Solutions, Inc. (“ZTE Solutions”) (collectively, “Defendants”), alleges as follows:  

NATURE OF THE ACTION 

1. This is an action for patent infringement arising under the patent laws of the 

United States, Title 35 of the United States Code (“U.S.C.”) to prevent and enjoin Defendants 

from infringing and profiting, in an illegal and unauthorized manner and without authorization 

and/or consent from Steelhead, from U.S. Patent No. 5,491,834 (the “‘834 Patent”, attached 

hereto as Exhibit A) pursuant to 35 U.S.C. §271, and to recover damages, attorneys’ fees, and 

costs. 

THE PARTIES 

2. Plaintiff Steelhead is a Delaware limited liability company with its principal place 

of business at 222 Delaware Avenue, P.O. Box 25130, Wilmington, DE 19899. 
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3. Defendant ZTE is a Chinese corporation with its principal place of business at No. 

55, Hi-tech Road South, Shenzhen, P.R. China 518057.  ZTE maintains business operations in 

the United States at 2425 N. Central Expressway, Suite 600, Richardson, Texas 75080.   

4. ZTE USA is a New Jersey corporation with business operations at 33 Wood Ave. 

South, Floor 2, Iselin, New Jersey 08830 and also at 2425 N.  N. Central Expressway, Suite 600, 

Richardson, Texas 75080.  ZTE USA’s registered agent for service of process is Li Mo, 4585 

Spencer Dr, Plano, Texas 75024. 

5. ZTE Solutions is a Delaware corporation with business operations at 2425 N.  N. 

Central Expressway, Suite 600, Richardson, Texas 75080.  ZTE Solution’s registered agent for 

service of process is Corporation Service Company, 2711 Centerville Road Suite 400, 

Wilmington, Delaware 19808. 

6. ZTE Solutions and ZTE USA are both subsidiaries of ZTE. 

7. Defendants are in the business of making, using, selling, offering for sale and/or 

importing mobile devices. 

JURISDICTION AND VENUE 

8. This Court has subject matter jurisdiction over this action pursuant to 28 U.S.C. 

§§1331 and 1338(a) because the action arises under the patent laws of the United States, 35 

U.S.C. §§1 et seq.   

9. This Court has personal jurisdiction over Defendants by virtue of their systematic 

and continuous contacts with this jurisdiction, as well as because of the injury to Steelhead and 

the cause of action Steelhead has raised, as alleged herein. 

10. Defendants are subject to this Court’s specific and general personal jurisdiction 

pursuant to due process and/or the Delaware Long-Arm Statute, Del Code. Ann. Tit. 3, §3104, 
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due to at least their substantial business in this forum, including: (i) at least a portion of the 

infringement alleged herein; and (ii) regularly doing or soliciting business, engaging in other 

persistent courses of conduct, and/or deriving substantial revenue from goods and services 

provided to individuals in Delaware.   

11. Defendants have conducted and do conduct business within the state of Delaware, 

directly or through intermediaries, resellers, agents, or offer for sale, sell, advertise products in 

Delaware that infringe the ‘834 Patent. 

12. In addition to Defendants’ continuously and systematically conducting business in 

Delaware,  the causes of action against Defendants are connected (but not limited) to 

Defendants’ purposeful acts committed in the state of Delaware, including Defendants’ making, 

using, importing, offering for sale, or selling products which include features that fall within the 

scope of at least one claim of the ‘834 Patent. 

13. Venue lies in this District under 28 U.S.C. §§1391 and 1400(b) because, among 

other reasons, Defendants are subject to personal jurisdiction in this District, and have committed 

and continues to commit acts of patent infringement in this District.  For example, Defendants 

have used, sold, offered for sale, and/or imported infringing products in this District. 

JOINDER 

14. Defendants are properly joined under 35 U.S.C. §299(a)(1) because a right to 

relief is asserted against the parties jointly, severally, and in the alternative with respect to the 

same transactions, occurrences, or series of transactions or occurrences relating to the making, 

using, importing into the United States, offering for sale, and/or selling the same accused 

products.  Specifically, as alleged in detail below, Defendants are alleged to infringe the ‘834 
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Patent with respect to the same mobile devices including, but not limited to, the Flash™ mobile 

phone. 

15. Defendants are properly joined under 35 U.S.C. §299(a)(2).  Questions of fact 

will arise that are common to all defendants, including for example, whether Defendants’ 

products have features that meet the features of one or more claims of the ‘834 Patent, and what 

reasonable royalty will be adequate to compensate the owner of the ‘834 Patent for its 

infringement. 

16. Defendants ZTE USA and ZTE Solutions are wholly-owned subsidiaries of ZTE.    

By virtue of ZTE’s ownership of ZTE USA and ZTE Solutions, all offer the same mobile 

devices that infringe on the ‘834 Patent. 

17. Defendants use, make, sell, offer for sale and/or import mobile devices that, when 

used, infringe on the ‘834 Patent.   

18. At least one right to relief is asserted against these parties jointly, severally, or in 

the alternative with respect to or arising out of the same transaction, occurrence, or series of 

transactions or occurrences relating to the making, using, importing into the United States, 

offering for sale, or selling of the same accused product and/or process.  

FACTUAL ALLEGATIONS 

19. On February 13, 1996, the United States Patent and Trademark Office 

(“USPTO”) duly and legally issued the ‘834 Patent, entitled “Mobile Radio Handover Initiation 

Determination” after a full and fair examination.  Steelhead is presently the owner of the patent 

and possesses all right, title and interest in and to the ‘834 Patent.  Steelhead owns all rights of 

recovery under the ‘834 Patent, including the exclusive right to recover for past infringement.  

The ‘834 Patent is valid and enforceable.   
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20. The ‘834 Patent contains eight independent claims and twelve dependent claims.  

Defendants commercialize, inter alia, methods that perform all the steps recited in one or more 

claim of the ‘834 Patent.  Defendants make, use, import, and sell or offer for sale 

telecommunication products, including mobile devices, which encompass one or more of the 

features recited and which perform all the steps comprised in the patented claims.   

21. The invention claimed in the ‘834 Patent includes a process for determining the 

manner in which handover is performed in a mobile radio network including a plurality of cells, 

where each cell is associated with a base station supporting communication with a mobile 

device.  

22. The patented process includes the steps of monitoring the quality of a signal as a 

function of time respectively transmitted between candidate base stations and the mobile unit.  

The process further includes producing an indication of either the rise or fall of the signal’s 

quality as a function of time.  Handover from a serving base station supporting communication 

with the mobile unit to another base station is initiated based on the rise or fall in the signal’s 

quality. 

23. For example, manufacturers of mobile telecommunications devices rely on the 

patented process to handle service associated with their mobile devices.  Specifically, Defendants 

rely on the patented process to determine the manner in which communication service associated 

with a mobile device is to be handed over from one cell to another.  

24. Defendants commercialize mobile devices which support both 3G Code-Division 

Multiple Access (hereinafter, CDMA) and Long Term Evolution (hereinafter, “LTE”) standards.  

These products will be hereinafter identified as Defendants’ CDMA/LTE Products.   
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25. 3G CDMA (or CDMA2000) is a leading mobile phone technology. CDMA 

technology operates by transmitting multiple digital signals simultaneously over the same carrier 

frequency (i.e., the same channel), thus optimizing the use of available bandwidth.  In CDMA 

implementations, every user is allocated the entire spectrum all of the time, and connections are 

uniquely identified using codes.  

26. LTE is a fourth-generation (4G) wireless broadband technology.  LTE provides 

high-speed communication and data transfer with increased bandwidth capacity. It derives from 

the GSM/UMTS technologies and is faster than 3G.  Unlike earlier mobile technologies, all 

communication in LTE devices is handled as data. 

27. In mobile telephony, it is necessary to maintain an established user connection 

even if the user is changing locations, or the radio access environment surrounding the user is 

changing, while a connection is still active.  “Handover” refers to the transfer of user connection 

from one access point to another.  For Defendants’ CDMA/LTE Products, Defendants rely on the 

patented process to determine mobile device communication conditions for initiating a handover 

from one cell to another.. 

DEFENDANTS’ INFRINGEMENT 

28. Defendants practice patented mobile telecommunications methods with respect to 

certain mobile telecommunications devices commercialized in this judicial district.   Specifically, 

Defendants practice a method that determines the manner in which handover of service is 

performed among cells in a mobile network with respect to certain mobile devices.   

29. Defendants’ CDMA/LTE Products include, but are not limited to, the Flash™ 

mobile phone. 
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30. Each Defendants’ CDMA/LTE Product forms a mobile terminal that can be used 

on a mobile radio network such as that provided by a telecommunications company or a carrier.  

This network is formed by a plurality of cells. 

31. Each Defendants’ CDMA/LTE Product includes a processor and a memory 

device with instructions stored therein.  Upon execution, these instructions perform a handover 

determination method in which each of Defendants’ CDMA/LTE Products searches for a better 

cell pursuant to the cell reselection process stated in the CDMA and LTE standards.  Under 

CDMA standards, each Defendants’ CDMA/LTE Product sends out route update messages to the 

serving base stations, when conditions dictate, to initiate a cell reselection to a better base station.   

32. Each Defendants’ CDMA/LTE Product complies with the 3G CDMA and LTE 

standards.  As such, when communicating, it maintains an active list of base stations with which 

the Defendants’ CDMA/LTE Product has sufficient signal strength to communicate.  The active 

list of base stations is used by each Defendants’ CDMA/LTE Product itself to initiate cell 

reselection.   

33. Specifically, when Defendants’ CDMA/LTE Product is used in a mobile radio 

network, it receives signals from base stations within range.  In accordance with CDMA 

standards, each Defendants’ CDMA/LTE Product maintains a set of pilot channels transmitted 

by each sector in the neighborhood of the serving sector in which the cell phone is used.  The 

strength of each pilot channel is a quality of a signal from each candidate base station that is 

monitored by each Defendants’ CDMA/LTE Product as a function of time.  The pilots are ranked 

in order of signal strength.  The action of the drop timer in connection with monitoring the 

strength of the pilot channels evidence whether the strength or quality of each signal is rising or 

falling as a function of time.  Whenever conditions indicate, each Defendants’ CDMA/LTE 
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Product initiates a handover to a better cell by sending out a route update message.  The initiation 

of the handover is based on the fact that, for example, the signal strength of the pilot was not 

disabled by the action of a drop timer.  

34. When using LTE standards to communicate, Defendants’ CDMA/LTE Products 

periodically measure the signals received from base stations in the vicinity for cell section and 

reselection purposes.  Then, each Defendants’ CDMA/LTE Product selects a suitable cell based 

on idle mode measurements and cell selection criteria, including quality of the signal.  When 

camped on a cell, the Defendants’ CDMA/LTE Product will regularly search for better cells 

according to the cell selection criteria.  For example, if the ranking of the new cell rises above 

the ranking of the serving cell during a particular time frame, then the characteristics of the 

potential new cell may rise as a function of time.  Conversely, if the ranking of the new cell falls 

below the ranking of the serving cell during a particular time frame, then the characteristics of 

the potential new cell may fall as a function of time. Thus, the behavior of the characteristics of 

the potential new cell over the certain time interval produces an indication of the rise or fall of at 

least one measurement or criteria as a function of time.  If a better cell is found, then that better 

cell is selected which initiates the handover of Defendants’ CDMA/LTE Product from a current 

cell to the better cell.  The initiation of a handover is based on the fact that, for example, the new 

cell did not fall below the quality of the serving cell during the time frame.   

35. The patented method recited in one or more claims of the ‘834 Patent is 

performed when a cell reselection is made by any Defendants’ CDMA/LTE Product when it is 

using either the 3G CDMA or LTE standards to communicate. 
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COUNT 1 

DIRECT INFRINGEMENT OF THE ‘834 PATENT 

 

36.   Plaintiff realleges and incorporates by reference the allegations set forth in 

paragraphs 1-35. 

37. Taken together, either partially or entirely, the features included in the 

Defendants’ CDMA/LTE Products including, but not limited to, the Flash™ mobile phone, 

perform the process recited in one or more claims of the ‘834 Patent. 

38. Defendants directly infringe one or more claims of the ‘834 Patent by using 

Defendants’ CDMA/LTE Products, which perform the process defined by one or more claims of 

the ‘834 Patent.   For example, without limitation, Defendants directly infringe at least claim 8 of 

the ‘834 Patent by using Defendants’ CDMA/LTE Products, including use by Defendants’ 

employees and agents, use during product development and testing processes, and use when 

servicing and/or repairing phones on behalf of customers. 

39. By engaging in the conduct described herein, Defendants have injured Steelhead 

and are thus liable for infringement of the ‘834 Patent, pursuant to 35 U.S.C. §271.   

40. Defendants have committed these acts of infringement without license or 

authorization. 

41. To the extent that facts learned in discovery show that Defendants’ infringement 

of the ‘834 Patent is or has been willful, Steelhead reserves the right to request such a finding at 

the time of trial. 

42. As a result of Defendants’ infringement of the ‘834 Patent, Steelhead has suffered 

monetary damages and is entitled to a monetary judgment in an amount adequate to compensate 

for Defendants’ past infringement, together with interests and costs.   
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43. Steelhead will continue to suffer damages in the future unless Defendants’ 

infringing activities are enjoined by this Court.  As such, Steelhead is entitled to compensation 

for any continuing or future infringement up until the date that Defendants are finally and 

permanently enjoined from further infringement. 

44. Steelhead has also suffered and will continue to suffer severe and irreparable 

harm unless this Court issues a permanent injunction prohibiting Defendants, their officers, 

directors, agents, servants, employees, attorneys, affiliates, divisions, branches, parents, and 

those persons in active concert or participation with any of them from directly or indirectly 

infringing the ‘834 Patent. 

DEMAND FOR JURY TRIAL 

45. Steelhead demands a trial by jury of any and all causes of action. 

PRAYER FOR RELIEF 

 Steelhead respectfully prays for the following relief: 

1.   That Defendants be adjudged to have infringed the ‘834 Patent; 

2.  That Defendants, their officers, directors, agents, servants, employees, 

attorneys, affiliates, divisions, branches, parents, and those persons in active concert or 

participation with any of them, be preliminarily and permanently restrained and enjoined 

from directly and/or indirectly infringing the ‘834 Patent;  

3.   An award of damages pursuant to 35 U.S.C. §284 sufficient to compensate 

Steelhead for Defendants’ past infringement and any continuing and/or future 

infringement up until the date that Defendants are finally and permanently enjoined from 

further infringement, including compensatory damages;  
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4.   An assessment of pre-judgment and post-judgment interests and costs 

against Defendants, together with an award of such interests and costs, in accordance 

with 35 U.S.C. §284; 

5.   That Defendants be directed to pay enhanced damages, including 

Steelhead’s attorneys’ fees incurred in connection with this lawsuit pursuant to 35 U.S.C. 

§285; and 

6.   That Steelhead have such other and further relief as this Court may deem 

just and proper.   

 

Dated: January 3, 2013 

 

OF COUNSEL: 

 

Eugenio Torres-Oyola 

FERRAIUOLI LLC 

221 Plaza 5th Floor 

221 Ponce de León Ave.  

San Juan, Puerto Rico 00917 

(787) 766-7000 

etorres@ferraiuoli.com 

 

BAYARD, P.A. 

/s/ Stephen B. Brauerman 

Richard D. Kirk (#0922) 

Stephen B. Brauerman (#4952) 

Vanessa R. Tiradentes (#5398) 

222 Delaware Avenue, Suite 900 

P.O. Box 25130 

Wilmington, DE 19899 

(302) 655-5000 

rkirk@bayardlaw.com 

sbrauerman@bayardlaw.com 

vtiradentes@bayardlaw.com 

Attorneys for Plaintiff Steelhead Licensing LLC 
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MOBILE RADIO HANDOVER INITIATION priority of a handover and/or with an indication of the
DETERMINATION possibility of a handover contingent upon the proceeding

results of monitoring the quality of the transmitted signal.
Advantageously, the monitored signal is transmitted from

BACKGROUND OF THE INVENTION 5 each mobile unit to the base station.
The monitored signal may be the received signal power.

1. Field of the Invention However, in digital communications systems the bit error

ratio can be used.
This invention relates to handover determination between Preferably, the control means are arranged to instruct the

cells in a cellular radio system handling communications to
to monitoring means to monitor a set of signals, each signal

and from a mobile unit. being distinctive of one of the corresponding set of base
stations, the composition of the set being defined in accor-

2. Related Art dance with the identity of the serving base station. In

particular, each signal in the set of signals may distinguishIt is important that handover between cells in a cellular
15 a respective base station by the frequency of the signal.radio network is conducted appropriatley and reliably. In

In one particular form of the invention, the indicationmixed cell environments comprising macrocells and over-
producing means include a quality decrement/incrementlying microcells, the usability of an established communi-
estimator which is arranged to determine the rise or fall incation channel with a base station could be both noise and
the quality from the calculation of the running average of theinterference limited. As far as maintaining signal quality and

20 indications. There may also be provided means for storingthe limitation of the effects of interference are concerned, it
templates of changes in signal quality and/or rates of changeis Possible to use dynamic channel assignment in all cells.
thereof, the control means are arranged to initiate a handoverHowever, to afford an appropriate level of reliability for a
based at least partially on the recognition of a substantialmobile unit on the move it is necessary to be able to perform

intercell handover both reliably and at the appropriate time, match between the incoming signal and a template.
25 The invention also extends to a handover determination

In a cellular radio system comprising both macrocells and method for a mobile radio network comprising a plurality of
overlaying smaller microcells, a call to or from a mobile unit cells, each having associated with it a base station for
within the operating area of the system is handled by a base supporting communications with a mobile unit, the method
station for each cell. Whereas, a macrocell may be of a size comprising:covering a number of streets and extending for 1 or 2

30 (a) monitoring a quality of a signal respectively transmit-kilometers in all directions, a microcell will often be about
200 to 500 meters long and may only extend linearly along ted between each of a plurality of candidate base

a street, within the coverage area of a macrocell. stations and the mobile unit;
(b) producing an indication of the rise or fall in the saidThe handover between a microcell and a macrocell is

subject to special considerations. It is important for the quality; and
35

system to be able to determine whether it is worthwhile (c) initiating a handover from a serving base station

effecting a handover of a mobile unit from a macrocell to a supporting communication with the mobile unit, to

microcell as the latter is approached or between adjacent another base station on the basis of the rise/fall in the
microcells. It may be that the mobile unit is going to enter said quality of the signal associated with the plurality of

the candidate microcell for a significant period, in which 40
candidate base stations being monitored.

case a handover is beneficial, or relatively momentarily as Furthermore, the invention also extends to a mobile unit
the candidate microcell is crossed, for a mobile radio system, the mobile unit comprising means

for receiving a plurality of signals each respectively trans-

SUMMARY OF THE INVENTION mitted by one of a set of candidate base stations; means for

monitoring a quality of the signal; means for producing an

According to the present invention there is provided a indication of the rise or fall in the said quality; and signalling
handover determination system for a mobile radio network means for transmitting to a serving base station supporting
comprising a plurality of cells, each having associated with communication with the mobile unit, a signal indicating the
it a base station for supporting communications with a need for a handover to a candidate base station on the basis
mobile unit, the system comprising: of the rise/fall in the said quality of the signals associated

50
(a) means for monitoring a quality of a signal respectively with the plurality of candidate base stations being moni-

transmitted between each of a plurality of candidate tored.
base stations and the mobile unit; The rise or fall in the quality being monitored may be

(b) means for producing an indication of the rise or fall in interpreted to derive an indication of the need for a handover

the said quality; and 55
based on the likelihood of the serving base station and each
of the candidate base stations being able to support com-(c) control means for initiating a handover from a serving munication, preferably for a substantial duration whichbase station, supporting communications with the

mobile unit to another base station, on the basis of the would make handover worthwhile.

rise/fall in the said quality of the signals associated with BRIEF DESCRIPTION OF THE DRAWINGS
the plurality of candidate base stations being moni- 60
tored. The invention can be put into practice in various ways,

one of which will now be described by way of example withPreferably, the mobile unit comprises the monitoring reference to the accompanying drawings in which:means and the producing means, the mobile unit further
comprising signalling means for addressing the serving base FIG. 1 is a block diagram of an intelligent mobile unit for
station with an indication of the need for a handover to be 65 use in the invention; and

initiated. The signalling means may be arranged to address FIG. 2 is a block diagram of a speed estimator for use in
the serving base station with an indication of the level of the invention.
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DETAILED DESCRIPTION OF EXEMPLARY mation via the radio frequency front end 50, to the serving
EMBODIMENTS base station.

Each base station in a cellular radio system according toThe embodiment of the invention includes an intelligent the invention transmits a signal identifying the base stationmobile unit which is able to monitor intensively the strength
5 specifically. Each time the mobile unit is handed over from,of signals transmitted from adjacent microcell base stations

say, a macrocell to a microcell or between microcells, a newin addition to a serving microcell or macrocell base station,
set of carrier frequencies to be monitored and a new algo-If the serving cell is a microcell which has a boundary in
rithm for addressing adjacent candidate base stations, in

common with a parent macrocell, the adjacent macrocell
order that their signal levels can be monitored is downloadedbase station is also monitored by the mobile unit.

10 from the newly appointed serving base station. Each algo-The invention utilises an assessment of the variation in rithm sets out the frequencies to be monitored and the
signal quality, e.g. received power level or bit error ratio, of look-up table of signal level increment/decrement gradient
a signal transmitted between each target microcell and templates. Each template is associated with a mobile unit
possibly an adjacent macrocell, which are candidates for a moving at a particular speed towards or away from the
handover, and the mobile unit which is served by a currently various monitored base stations.
serving microcell or macrocell. 15

As will be shown below, in many cases the detection of
Referring to FIG. 1 the intelligent mobile unit is used to

a rise or fall signal power level received from a particularmonitor the signals received from the serving and target base base station is sufficient on which to base a handover
stations as well as to transmit handover initiation com- decision in conjunction with the conventional criteria deter-
mands. mining handover, i.e. signal level thresholds and hysteresis,

The transmitted signals are relayed from a transmitter the 20 the latter causing a delay after the threshold is passed to
base station to the receiver (mobile unit) radio frequency ensure that the change in signal level is not simply a
front end 50 to be processed by a pair of receiving circuits. momentary phenomenon. However, there are also situations

On the one hand, the received signal is passed from the in which it is necessary to know the rate of change of signal
radio frequency front-end 50 to a receiver unit 52 arranged levels in relation to the speed of the mobile unit in order to
to derive the control channel information from the incoming 25 determine whether a handover is appropriate or not.

signal transmitted from the serving base station. The basic In our co-pending British Patent Application No.
information is then applied to a control channel information 9016341.1 filed on 25th Jul. 1990 (U.S. application Ser. No.
processor 54. The processor 54 demodulates and decodes the 08/030,205 filed Mar. 22, 1993), there is described a speedcontrol channel information for use by a central processing estimator which can be adapted to provide an assessment ofunit 56. The processed information is then used by the 30 the speed of a mobile unit in a cellular radio system basedcentral processing unit 56 in the handover determination,

on filtered received signals. As also described in that appli-This is described below,
cation, the speed estimator can be adapted to provide anOn the other hand, the received signal from each of the increment/decrement indication from the running average of

serving and target base stations is also relayed from the radio vehicle speed.frequency front end 50 to a signal measurement unit 58 35
Such a speed estimator is shown in FIG. 2. It consists ofwhich provides a measurement of signal quality. The unit 58

a received signal strength indicator circuit 10 which outputsmay be, for example, a received signal strength indication or
a voltage level signal proportional to the received signalbit error rate counter.
power to an analogue-to-digital convertor 12 (ADC). The

A running average is then determined of the indication or sampling rate of the ADC 12 is determined by the averagingcount by a running averager 60. The averaging serves to 40
window duration to the highest required speed. The highestsmooth out transients. A determination of the trend in the speed to be determined is 40 m/s and as 100 samples are

signal quality is then derived by an increment/decrement required to determine a running average, a sampling rate of
estimator 62 from the averaged signal. The averaged signal 1.7 kHz is required (i.e. 100 samples per 60 ms). A roundedis also used by a speed estimator 64 to provide an estimation sampling rate of 2 kHz may be applied.of the absolute speed of the mobile unit. 45

In FIG. 2, the digital data from the ADC 12 is fed in
The information from the control channel information

parallel to a number of speed detection modules comprising
processor, the increment/decrement estimator and the speed averaging units 14 to 20 each with an averaging window of
estimator is sent to the central processing unit 56. The

a different duration (1, nl, n2, n3, etc.). The output from
central processing unit uses the control channel information

50 each of the averaging windows is input via an average-bufferdownloaded from the serving base station to determine the 26 into a variance calculator 28 before being fed to speedmonitoring algorithm to be adopted according to the type decision logic 30.
and location of the cells in and around which the mobile unit

The averaging unit 14 with a window of 1 sample isis located,
equivalent to the instantaneous signal level. A runningThe trend in signal quality, the speed estimation, a look-

55 average can be calculated at each clock cycle where a new
up table 68 of signal quality templates and the control sample value is fed in parallel to all the averaging units 14
channel information downloaded from the base station, are to 22. The estimator will not be operational until all the
used to determine whether a handover is appropriate and, if

averaging units and the buffers 26 are filled with samples.so, whether it should be on an intracell or an intercell basis. Thus, the time delay for the system to be operational is
The central processing unit 56 controls a frequency syn- 60 equivalent to the size of the largest averaging window (n3)

thesiser 70 associated with the radio frequency front end to plus the average-buffer-size. The size of the buffer 26 is
scan the channel set of frequencies used by the serving and usually small, eg 10 samples. Thus, the majority of the time
target base stations in order to perform signal level mea- delay is taken up with filling the largest averaging unit n3.
surements, and to control the transmission and reception of For instance, if the largest averaging unit n3 is for averaging
signals. 65 over 3 seconds, then the system will have a time delay of

The processing unit also controls the operation of a approximately 3 seconds plus a short time to load the buffer
transmitter 72 arranged to transmit handover initiation infor- 26.
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This speed estimator can be implemented in hardware confirmation that the mobile unit remains within it and

and/or software and the number of speeds can be estimated that the handover to the microcell was appropriate.
by implementing a multiple number of basic speed detection 5. If when the mobile unit is served by the microcell, it
modules. fails to locate another microcell base station with

The increment/decrement heading estimator is an exten- 5 increasing signal levels, then a handover to a macrocell
sion of the speed estimator. The values stored in the average- must be initiated. This will occur when a mobile unit
buffers could be easily manipulated by software to return has entered the outer cell of a microcell sub-network
either a majority logic vote for the underlying trend or the and is about to exit from it. The outer cell is typically
slope of the running average, constituted by the last microcell in a street.

The mobile unit is able to base a handover decision on an to 6. However, when the mobile unit is in a macrocell and
assessment of mobile unit received signal power level the signal level from microcell base station is on the

indications from 2 or more adjacent candidate base stations. increase, this indicates that the mobile unit is approach-
Alternatively, the mobile unit may be arranged to alert the ing that microcell. In this situation a handover from the

current serving base station of the desirability of a handover. macrocell to the candidate microcell should be initi-

It will be appreciated by the skilled person that any suitable 15 ated. It must be noted that in this situation the rate of

assessment of signal quality could be used in place of or in increase in relation to the vehicle speed must also be

combination with received signal levels. As one example, assessed. This is to distinguish proper entry into a

the bit error ratio could be used when a digital information microcell from a situation where the mobile unit is

signal is transmitted by the base stations. As another merely crossing the candidate microcell. If the rate of

example signal delay testing (timing advance) can be used to 20 increase detected is steeper than the limit represented
determine the distance of the mobile unit from a base station, by normal approach, a delay factor should be built-in

Whatever assessment is adopted, the result is used in a before initiating the handover. This will allow handover

determination of the mobile unit heading relative to each of only if the signal level continues to increase during the

the candidate case stations. delay, indicating that the mobile unit has turned into the
microcell rather than subsequently crossed it.When the mobile unit is monitoring signals transmitted 25

from candidate base stations, various scenarios for a given 7. For a 3 microcell merging situation if the signal levels

serving base station will be used to determine the appropri- of 2 microcell base stations are decreasing and the third

ateness of handover. These scenarios will form a set of one if increasing, this implies that the mobile unit is

condition templates, the constituents of which will be spe- leaving the microcell sub-network extending along one

cific to a particular serving base station. However, there are 30 road and is likely to join the microcell sub-network
various predictable scenarios which can be defined in gen- extending along a branching or parallel road.
eral terms: The implementation of the proposed handover processing

techniques requires an intelligent mobile radio receiver1. If a mobile unit is served by a microcell and the signal which has the capabilities of processing running averageslevels from both the serving microcell base station and
35 and of monitoring the signal level variations. In addition itcandidate microcell base station are decreasing as indi-

must also be able to store all the pre-defined handovercated by the increment/decrement estimator this
implies that the mobile unit is leaving the serving condition templates and the information downloaded from a

microeell via a side road and handover from the serving base station after handover has been effected, and the

microcell to the parent macrocell should be initiated information containing instructions on the monitoring car-

straight away.
40 rier frequencies for adjacent candidate base stations which

are to be monitored while the mobile unit is in that serving2. By contrast, if a mobile unit is served by the macrocell cell.
and the mobile unit detects the signal levels from 2 What is claimed is:
adjacent microcell base stations (established, for 1. A handover determination system for a mobile radio
example, in line along the same street) are increasing 45 network including a plurality of cells, each cell havingsimultaneously, this indicates that the mobile unit is associated with it a base station for supporting communica-
approaching an area served by microcells. In this tions with a mobile unit, the system comprising:situation a handover operation may potentially be

means for monitoring a quality of a signal respectivelyrequired. However, only a standby flag is set to warn
transmitted between each of a plurality of candidatethe system including the current serving and the target 50 base stations and the mobile unit;base stations or to raise the priority of access for the

mobile unit to the microcell system. No handover means for producing an indication of the rise or fall in the

execution is effected until further information is said quality as a function of time: and

obtained, control means for initiating a handover from a serving
3. After the above warning flag has been set, if the signal 55

base station, supporting communications with the

levels monitored by the mobile unit change from both mobile unit, to another base station, the initiation being
increasing to one increasing while the other is decreas- based on the rise/fall as a function of time in the said

ing at a pre-defined rate, this implies that the mobile quality of the signals associated with the plurality of

unit is within the service area of one of the microcells. candidate base stations being monitored;
Handover from the serving macrocell to the microcell 60 said mobile unit including the means for monitoring and
in which the mobile unit is adjudged to be, i.e. as the means for producing, the mobile unit further com-

identified by the increasing signal level, should be prising signalling means for addressing the serving
executed immediately. The success of the handover will base station with an indication of the need for a

only depend on the availability of a channel in the handover to be initiated; and
microcell base station. 65. said signalling means being arranged to address the

4. When a mobile unit is travelling within the area served serving base station with an indication of the level of

by the microcell, the previous scenario also serves as a priority of a handover and/or with an indication of the
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possibility of a handover contingent upon the proceed- 10. A method as in claim 8, in which the monitored quality
ing results of monitoring the quality of the transmitted is the received signal power or the bit error ratio.
signal. 11. A method as in claim 8, including monitoring a set of

2. A system as in claim 1, in which the monitored signal signals, each signal being distinctive of one of a correspond-
is transmitted from each mobile unit to the base station. 5 ing set of candidate base stations, the composition of the set

3. A system as in claim 1, in which the monitored quality of candidate base stations being defined in accordance with
of the signal is the received signal power or the bit enor the identify of the serving base station.
ratio. 12. A method as in claim 11, in which each signal in the

4. A system as in claim 1, in which the means for set of signals distinguishes a respective base station by the
producing an indication include a quality decrement/incre-

10
ment estimater which is arranged to determine the rise or fall

carrier frequency of the signal.
13. A method as in claim 8, in which the monitoring of thein the quality from the calculation of the running average of

the indications, said quality and producing the said indication is conducted
by the mobile unit, the method further including addressing5. A system as in claim 1, in which the control means are
the serving base station from the mobile unit with anarranged to instruct the means for monitoring to monitor a

15 indication of the need for a handover to be initiated.set of signals, each signal being distinctive of one of a
14. A handover determination method for a mobile radiocorresponding set of candidate base stations, the composi- network including a plurality of cells, each cell havingtion of the set of candidate base stations being defined in

accordance with the identify of the serving base station. associated with it a base station for supporting communica-
tions with a mobile unit, the method comprising:6. A system as in claim 5, in which each signal in the set

of signals distinguishes a respective base station by the 20 monitoring a quality of a signal as a function of time

frequency of the signal. respectively transmitted between each of a plurality of

7. A handover determination system for a mobile radio candidate base stations and the mobile unit;
network including a plurality of cells, each cell having producing an indication of the rise or fall as a function of
associated with it a base station for supporting communica- time in the said quality; and
dons with a mobile unit, the system comprising: 25

initiating a handover from a serving base station, support-
means for monitoring a quality of a signal respectively ing communication with the mobile unit, to another

transmitted between each of a plurality of candidate base station, the initiation being based on the rise/fall as

base stations and the mobile unit; a function of time in the said quality of the signal
means for producing an indication of the rise or fall in the 30

associated with the plurality of candidate base stations

said quality as a function of time; and being monitored;
control means for initiating a handover from a serving said monitoring of the said quality and producing the said

base station, supporting communications with the indication being conducted by the mobile unit, the
mobile unit, to another base station, the initiation being method further including addressing the serving base
based on the rise/fall as a function of time in the said 35 station from the mobile unit with an indication of the

quality of the signals associated with the plurality of need for a handover to be initiated; and
candidate base stations being monitored; wherein said mobile unit addresses the base station with

said mobile unit including the means for monitoring and an indication of the level of priority of a handover
the means for producing, the mobile unit further com- and/or with an indication of the possibility of a han-

prising signalling means for addressing the serving 40 dover contingent upon proceeding results of monitor-
base station with an indication of the need for a ing the quality of the transmitted signal.
handover to be initiated; and 15. A handover determination method for a mobile radio

network including a plurality of cells, each cell havingmeans storing a set of templates of changes in signal
associated with it a base station for supporting communica-quality and/or rates thereof as a function of time, the

45 tions with a mobile unit, the method comprising:control means being arranged to initiate a handover
based at least partially on the recognition of a substan- monitoring a quality of a signal as a function of time
tial match between the incoming signal quality as a respectively transmitted between each of a plurality of

function of time and a template. candidate base stations and the mobile unit;
8. A handover determination method for a mobile radio producing an indication of the rise or fall as a function of

network including a plurality of cells, each cell having 50 time in the said quality; and
associated with it a base station for supporting communica- initiating a handover from a serving base station, support-
tions with a mobile unit, the method comprising: ing communication with the mobile unit, to another

monitoring a quality of a signal as a function of time base station, the initiation being based on the rise/fall as

respectively transmitted between each of a plurality of
55

a function of time in the said quality of the signal
candidate base stations and the mobile unit; associated with the plurality of candidate base stations

producing an indication of the rise or fall as a function of being monitored;
time in the said quality; and said monitoring of the said quality and producing the said

initiating a handover from a serving base station, support- indication being conducted by the mobile unit, the

ing communication with the mobile unit, to another 60 method further including addressing the serving base
base station, the initiation being based on the rise/fall as station from the mobile unit with an indication of the
a function of time in the said quality of the signal need for a handover to be initiated; and

associated with the plurality of candidate base stations recognising a set of unique template conditions for join-
being monitored. ing, leaving and/or staying within a microcell based on

9. A method as in claim 8, in which said monitoring step 65 interpretation of the rise/fall as a function of time in
includes causing the mobile unit to determine the quality of signal quality, the initiation of a handover being at least
signals received from each of the candidate base stations. partially determined on the basis of a substantial match
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between an incoming signal quality as a function of supporting communication with the mobile unit, a signal
time and a template. indicating the need for a handover to a candidate base

16. A mobile unit for a mobile radio system, the mobile station on the basis of the rise/fall as a function of time
unit comprising: in the said quality of the signals associated with the

means for receiving a plurality of signals each respec- 5 plurality of candidate base stations being monitored;
andtively transmitted by one of a set of candidate base

stations; wherein said signalling means are arranged to address the
base station with an indication of the level of priority of

means for monitoring the quality of the signal;
a handover and/or with an indication of the level of

means for producing an indication of the rise or fall in the
10 priority of a handover contingent upon proceeding

said quality as a function of time; and results of monitoring the quality of thc transmittcd
signalling means for transmitting to a serving base station, signal.

supporting communication with the mobile unit, a 20. A mobile unit for a mobile radio system, the mobile
signal indicating the need for a handover to a candidate unit comprising:
base station on the basis of the rise/fall as a function of 15 means for receiving a plurality of signals each respec-
time in the said quality of the signals associated with tively transmitted by one of a set of candidate base
the plurality of candidate base stations being moni- stations;
tored. means for monitoring the quality of the signal;

17. A mobile unit as in claim 16, in which the monitoring means for producing an indication of the rise or fall in the
means are arranged to monitor received signal power or bit 20 said quality as a function of time; and
error ratio.

signalling means for transmitting to a serving base station,18. A mobile unit as in claim 16, in which the means for

producing an indication include a quality increment/decre- supporting communication with the mobile unit, a signal
indicating the need for a handover to a candidate basement estimator which is arranged to determine the rise/fall
station on the basis of the rise/fall as a function of timein the quality as a function of time from the calculation of 25 in the said quality of the signals associated with thea running average of the indications.
plurality of candidate base stations being monitored;19. A mobile unit for a mobile radio system, the mobile
andunit comprising:

means storing a set of templates of changes in signalmeans for receiving a plurality of signals each respec- quality and/or rates thereof as a function of time, thetively transmitted by one of a set of candidate base 30

stations; signalling means being at least partially responsive to a

substantial match of a template with an incoming signal
means for monitoring the quality of the signal; as a function of time for transmitting to the serving base
means for producing an indication of the rise or fall in the station the indication of the need for a handover.

said quality as a function of time; and

signalling means for transmitting to a serving base station,
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