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(57) ABSTRACT 
Apparatus and methods are disclosed for estimating the 
position and velocity of mobile Wireless transmit/receive 
units (WTRUs) in a Wireless communication system. Net 
Work stations use directional communication beams to 
divide service areas into sectors to provide communication 
services to the WTRUs. A WTRU saves pertinent informa 
tion such as sector ID, received poWer and time of reception 
of the several received signals. The collected information is 
sent to the network, Where it is used to estimate the WTRU’ s 
position, speed and direction of travel, Which information 
can then be used to improve radio resource management. 
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METHOD AND SYSTEM FOR DETERMINING 
THE SPEED AND POSITION OF A MOBILE UNIT 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims priority from US. Provi 
sional Patent Application No. 60/392,413 ?led on Jun. 28, 
2002; US. patent application Ser. No. 10/330,637, ?led Dec. 
27, 2002; and US. patent application. Ser. No. 11/261,238, 
?led Oct. 28, 2005, Which are incorporated by reference as 
if fully set forth. 

BACKGROUND OF THE INVENTION 

[0002] The present invention is directed to Wireless com 
munication systems. More particularly, the invention is 
related to a cellular system using a plurality of smart 
antennas for determining the speed and distance of a Wire 
less transmit receive unit (WTRU). 

[0003] In current Wireless system deployments, the speed 
and position of WTRUs are determined using many different 
methods. For example, global positioning system (GPS) 
may be used for those WTRUs With GPS capability. Alter 
natively, the netWork may determine the speed and position 
using triangulation techniques. Each of these techniques 
generally have undesirable drawbacks. For example, the 
GPS af?xes signi?cant expense and complexity to a WTRU. 
A WTRU that is equipped With a GPS is basically a device 
With tWo receivers, one for interfacing With the cellular 
system and the second for the reception of the positioning 
satellites. The additional receiver increases the battery con 
sumption and uses up valuable WTRU resources. 

[0004] Another method for WTRU position determination 
employs triangulation techniques that require the use of 
additional primary stations and/or extra hardWare in each 
primary station to support the triangulation. 

[0005] It Would desirable to provide an improved WTRU 
tracking mechanism Which is able to effectively locate a 
WTRU When it is in communication With a primary station. 

SUMMARY 

[0006] The present invention comprises a method and 
system Where a common channel (such as a beacon channel) 
is sWept over a speci?ed coverage area of a sectoriZed cell. 
An idle Wireless transmit/receive unit (WTRU) saves perti 
nent information such as received poWer and time of recep 
tion of the last several readings of the common channel. On 
the WTRU’s next access, the information is sent to the 
netWork to determine the WTRU’s location, its direction of 
travel and a speed estimate Which is valuable for radio 
resource management. 

[0007] The communications system preferably includes a 
plurality of WTRUs and means to calculate a speed and 
distance of each of the plurality of WTRUs using stored 
information. Each WTRU preferably has a receiver that is 
con?gured to monitor a selected channel While in an idle 
state, a memory to store information regarding the selected 
channel and a transmitter to send the stored information 
from the WTRU at an appropriate time. 

[0008] In one embodiment a Wireless communication net 
Work in Which communication services for WTRUs is 
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provided by netWork stations that transmit Wireless commu 
nication signals in directional beams such that beams are 
from time to time transmitted to each area serviced by the 
respective netWork station, each beam including beam iden 
tifying information. The netWork preferably includes at least 
one netWork station and at least one WTRU. 

[0009] A preferred netWork station has a transmitter con 
?gured to transmit Wireless communication signals in direc 
tional beams from a knoWn location such that beams are 
from time to time transmitted to each area serviced by the 
netWork station, each beam including beam identifying 
information. 

[0010] A preferred WTRU has a receiver con?gured to 
receive a plurality of netWork station transmitted directional 
beams, including beam identifying information for each of 
the received beams. The WTRU receiver is preferably 
con?gured to measure respective received signal strength for 
each of the plurality of beams received. The WTRU has an 
associated memory con?gured to store respective beam 
identifying information data With respective measured 
received signal strength data. The WTRU also preferably 
has a transmitter con?gured to transmit to the netWork 
station stored beam identifying information data and 
received signal strength data for the plurality of received 
beams. The memory and the transmitter of the WTRU is 
preferably con?gured to transmit sets of beam identifying 
information data and received signal strength data for a 
selected number, no less than three, of successively received 
beams. The beam identifying information data for each 
beam preferably includes a direction of the beam, a time the 
beam Was sent and a transmit poWer of the beam. 

[0011] A preferred netWork station also a receiver con?g 
ured to receive sets of beam identifying information data and 
received signal strength data from WTRUs and an associ 
ated controller con?gured to estimate the position, speed and 
direction of movement of a particular WTRU using beam 
identifying information data and received signal strength 
data for a plurality, preferably at least three, of received 
beams received from the particular WTRU in a data set. The 
netWork station controller is preferably con?gured to calcu 
late a signal pathloss from the beam identifying information 
data and received signal strength data, for each of the 
plurality of beams; estimate, from a calculated pathloss, a 
distance from the netWork station knoWn transmission loca 
tion to the WTRU for each of the plurality of beams; 
estimate, from a netWork station knoWn transmission loca 
tion and respective estimated distances, a position of the 
WTRU each of the plurality of beams; and estimate a 
WTRU’s speed and direction of movement using the plu 
rality of position estimates in combination With the times the 
respective beams Were sent. The estimate of the distance 
from the netWork station to a WTRU is preferably made 
using at least one of an environmental factor, a cost-231 
Hata model, a plane earth propagation model or a free space 
model. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1A is a diagram of a communication system 
in accordance With the teachings of Which incorporates the 
present invention. 

[0013] FIG. 1B is a diagram of a convergence area of a 
primary station of the system illustrated in FIG. 1A. 
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[0014] FIG. 2 is a How diagram of a method for deter 
mining speed and distance of a WTRU in accordance With 
the teachings of the present invention. 

[0015] FIG. 3 is an example of the WTRU Cartesian 
coordinate representation of the coverage area illustrated in 
FIG. 1B. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0016] The present invention Will be described With ref 
erence to the drawing ?gures Wherein like numerals repre 
sent like elements throughout. Referring to FIG. 1A, a 
communication netWork 10 generally comprises one or more 
primary stations 14, each of Which is capable of Wireless 
communication With a plurality of WTRUs 16. Each WTRU 
16 communicates With either the closest primary station 14 
or the primary station 14 Which provides the strongest 
communication signal. WTRUs in general are Well knoWn in 
the art and are used as vehicle telephones or hand held cell 
phones. Generally such WTRUs are also knoWn as mobile 
units. Primary stations are also knoWn as base stations. 

[0017] Each primary station 14 broadcast and receives 
signals through the coverage area 100 via the primary 
stations’ antenna 21. The antenna 21, through its antenna 
array, shapes the antenna’s radiation pattern into the form of 
a beam 24. The beam 24 is sWept throughout a coverage area 
100 as shoWn in FIG. 1B. The coverage area 100 comprises 
a plurality of sectors S 1 . . . SN. The base station controller 

20 coordinates communications among multiple primary 
stations 14 by means of a netWork path 26 Which may be a 
land line or Wireless link. The communication netWork 10 
may optionally be connected to a public sWitched telephone 
netWork (PSTN) 22 via a PSTN netWork path 28. Although 
the Wireless communication system 10 is shoWn employing 
separate units for the netWork 26 and the primary stations 
14, these functions may be physically combined With a base 
station 14 to form a “master primary station.” 

[0018] With reference to FIG. 1A. and FIG. 2, a WTRU 16 
traverses (step 301) through one or more sectors of the 
coverage area 100 of a primary stations 14, Which is sWept 
by a beam 24. The WTRUs 16 are con?gured to monitor one 
or more common channels When in an idle state (step 310), 
for example, the beacon channel Which is broadcast by a 
primary station 14 throughout of the coverage area 100. 
Common channels by design are meant to be received by all 
WTRUs Within the coverage area. As the idle (turned-on, but 
not active in user information exchange) WTRU 16 stays 
stationary or moves about the coverage area, it Will store 
information about and from the beacon channel (step 320). 
This information may include the time, signal path loss, 
sector ID, beacon transmit poWer, received poWer and 
received interference level. The WTRU 16 later uplinks the 
information it has collected from the common channel to the 
primary stations 14 (step 330). The information Will then be 
used by the netWork to determine the speed, distance and 
direction of the mobile (step 340). 

[0019] When the WTRU 16 acquires a common channel, 
the common channel may also contain information from the 
primary station 14 that Will assist the base station controller 
20 determine the WTRU’s location. For example, the net 
Work 20 Will instruct the primary stations 14 to systemati 
cally sWeep the beam 24 in a deterministic fashion through 
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out the coverage area to carve out sectors (see FIG. 1B). The 
base station controller 20 can append the common channels 
With a sector ID or beam number Which indicates the sector 
the beam is transmitting in. The WTRU 16 later uplinks the 
time stamped information to the base station controller 20. 
The base station controller 20 can then use the sector id or 
beam number received by the WTRU 16 along With the 
calculated path loss to calculate the location of the WTRU 
16 relative to the primary station 14. The pathloss is based 
upon the transmission poWer of the primary station 14 and 
the received poWer at the WTRU 16. An appropriate envi 
ronmental model is then applied to compensate for the 
effects of the terrain. For example, if the environment Were 
rural, then the base station controller Would use a rural 
environment model in its calculations. 

[0020] The position of the primary station is knoWn and 
the netWork can translate the relative position into an 
absolute position. It should be noted that the position of the 
primary station is not an absolute position, it is a relative 
value to a knoWn reference point using an X,Y grid or 
Cartesian coordinate system. The X axis represents the east 
and West direction and the Y axis represent the north and 
south direction. The grid values are usually in meters or 
kilometers. An example of the WTRU Cartesian coordinate 
representation for a coverage area is illustrated in FIG. 3. 

[0021] To locate the position of a WTRU (WTRU_X, 
WTRU_Y), the AX and AY distances are ?rst determined as 
the X and Y distance from the primary station and the 
WTRU. The WTRU_X of the WTRU’s position can be 
found in Equation 1: 

WTR UiX=AX+PSipositioniX; 

Where AX is the X distance from WTRU to the PS and 
PS_position_X is the X coordinate of the PS. The WTRU_Y 
of the WTRU position can be found by Equation 2: 

Equation 1 

WTR UiY=A Y+PSipositioniY; 

Where AY is the Y distance form WTRU to the PS and 
PS_position_Y is the Y coordinate of the PS. 

Equation 2 

[0022] The distance from the Primary Station to the 
WTRU can be found from Equation 3: 

DistancefTOfWTR U=‘/(AX2)+(AY2); Equation 3 

Where AX and AY are the values from above equations. The 
aZimuth angle from the PS to the WTRU can be found from 
Equation 4: 

Azimuth( WTR U)=tan’ l (A Y/AX) Equation 4 

Where Azimuth is the aZimuth angle in degrees. 

[0023] Referring to FIG. 3, a exemplary coverage area 30, 
is referenced by a Cartesian coordinate system With the 
reference point (RP) 32 located at the origin (0,0). A PS 14 
is located at coordinates (—5,2) and a WTRU 16 is located 
at (—l,5). The aZimuth angle (I338 is the angle from the PS 
14 to the WTRU 16. To calculate the distance from the PS 
14 to the WTRU 16, the AX and AY values must be 
obtained. The AX and AY values are the X and Y distances 
from the PS 14 to the WTRU 16, respectively, Which Were 
obtained from calculations using pathloss and knoWn PS 
transmit poWer and received poWer at the WTRU 16. The 
AX is equal to 4 and the AY is equal to 3. Equation 3 is the 
used to determine that the distance from PS to WTRU 16, 
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Which is 5 meters. The azimuth angle (I338 is determined 
from Equation 4 Which is approximately 39 degrees. 

[0024] The distance calculation is dependent upon the 
pathloss calculation and environmental variables, such 
atmospheric conditions. A typical propagation in free space 
model for determining the distance based on the pathloss 
and environment is shoWn in Equation 5: 

Distance=l 0 , Equation 5 

Where f is the center carrier frequency in MHZ; distance is 
in Km and the pathloss is in dB. Another method to calculate 
distance is the plane earth propagation model, Which is 
illustrated by Equation 6: 

Distanc6=10(pathloss+20 log(HbH_rn)/40; Equation 6 

Where Hb is the height of the base station antenna (meters); 
Hm is height of mobile station antenna (meters) and the 
distance is in meters. In yet another method to calculate 
distance is the cost-231 Hata model for pathloss calculation 
is illustrated by Equations 7: 

(44.9—(6.55 log(Hb)))*log(distance)+Cm; Equation 7 

and for distance, Equation 8: 

Cm/44.9*6.55log(Hb))); Equation 8 

Where Hb and Hm are the base station’s and the WTRU’s 
antenna heights in meters; f is the center frequency in MHZ; 
the distance is in Km; a is a correction factor in dB for the 
antenna height of the mobile for a medium small urban city 
and is illustrated in Equation 9: 

Where the value of Cm changes depending on suburban or 
rural environments. For the suburban environmental model 
the Cm value is 0 dB and for the metropolitan environmental 
model, a 3 dB value is used. 

[0025] As the WTRU moves about the coverage area, the 
netWork 20 can then calculate the speed and direction of the 
WTRU 16 by comparing WTRU’s 16 beam 24 acquisition 
measurements. For example, to obtain an approximate speed 
determination, a simple equation such as the change in 
position divided by the change in time is shoWn in Equation 
10: 

speed=Aposition/Atime; Equation 10 

Where A position is change in position and Atime is the 
change in time. 

[0026] A further breakdown of Equation 1 is illustrated by 
Equation 11: 

speed=(Pn— nil)/(Tn—T *1); Equation 11 

Where PD and TD represent the current position and the 
current time of the WTRU 16 and Pn_l and Tn_l represent a 
previous position and its associated time. 

[0027] It should be noted that the estimate of speed 
depends on the accuracy of the position estimates. The 
position estimates may become inaccurate if the coverage 
area 100 is large or if the WTRU 16 is near the furthermost 
perimeter of the cell. HoWever, if the coverage area 100 is 
relatively small and the WTRU 16 is close to the center of 
the cell, the estimate Will be highly accurate. The siZe of the 
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sector Will also impact the position estimate; more sectors 
Will slice the coverage area into more positional determin 
able locations. 

[0028] To obtain the direction of the WTRU, the system 
may simply use the current and previous locations of the 
WTRU. First the distance is calculated using the equations 
above and in FIG. 3. 

[0029] In order to achieve the most ef?cient assignment of 
resources, it is highly desirable to produce an estimate of the 
position and speed of the WTRU 16 When it ?rst comes into 
the coverage area 100. This alloWs the communication 
netWork 10 to employ admission algorithms and ef?ciently 
assign communication resources. 

[0030] In another embodiment, the communications sys 
tem may utiliZe neighboring primary stations or neighboring 
cells to more accurately estimate the position of a WTRU 16. 
When the WTRU 16 accesses a primary station 14, the 
communications may be monitored up by neighboring pri 
mary stations Which also use adaptive antenna receivers. The 
linked receiving primary stations are then able to determine 
the location of the WTRU 16 using simple triangulation 
techniques to more accurately calculate the WTRU’s posi 
tion. 

[0031] In an alternative embodiment, three or more 
WTRU beacon measurements are taken by the WTRU and 
reported back to the communications system. This alloWs for 
better determination of the speed and the direction of the 
WTRU. 

[0032] While the present invention has been described in 
terms of the preferred embodiment, other variations Which 
are Within the scope of the invention as outlined in the 
claims beloW Will be apparent to those skilled in the art. 

What is claimed is: 
1. A method for determining a position, speed and direc 

tion of movement of a Wireless transmit/receive unit 
(WTRU), the method comprising: 

the WTRU receiving from a netWork station a plurality of 
the transmitted directional beams, including beam iden 
tifying information for each of the received beams; 

for each of the plurality of received beams, the WTRU 
measuring the respective received signal strength and 
storing respective beam identifying information data 
With respective measured received signal strength data; 
and 

the WTRU transmitting to the netWork station stored 
beam identifying information data and received signal 
strength data for the plurality of received beams to 
thereby enable the netWork station to estimate the 
position, speed and direction of movement of the 
WTRU using beam identifying information data and 
received signal strength data for the plurality of 
received beams received from the WTRU. 

2. The method according to claim 1 Wherein the WTRU 
receiving, measuring, storing and transmitting steps are 
performed With respect to a selected number of no less than 
three directional beams successively transmitted from the 
netWork station. 

3. The method according to claim 1 Wherein the storing of 
beam identifying information data for each beam includes 
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storing a direction of the beam, a time the beam Was sent and 
a transmit power of the beam. 

4. The method according to claim 3 Wherein the WTRU 
receiving, measuring, storing and transmitting steps are 
performed With respect to a selected number of no less than 
three directional beams successively transmitted from the 
netWork station. 

5. The method according to claim 1 Wherein the WTRU 
receiving and transmitting steps are performed With respect 
to a Wireless communication netWork Which is one of: an 
IEEE 802.11, an IEEE 802.16, a GSM or a 3GPP compliant 
netWork system using predetermined frame formats. 

6. A method for determining a position, speed and direc 
tion of movement of a Wireless transmit/receive unit 
(WTRU), the method comprising: 

transmitting Wireless communication signals from a net 
Work station in directional beams from a knoWn loca 
tion such that beams are from time to time transmitted 
to each area serviced by the netWork station, each beam 
including beam identifying information to thereby 
enable WTRUs to receive identi?ed beams and mea 
sure and store respective received signal strength; and 

receiving from a WTRU by the netWork station stored 
beam identifying information data and received signal 
strength data for the plurality of received beams; and 

estimating the position, speed and direction of movement 
of the WTRU using beam identifying information data 
and received signal strength data for the plurality of 
received beams received from the WTRU. 

7. The method according to claim 6 Wherein the receiving 
step is performed With respect to a selected number of no 
less than three directional beams successively transmitted 
from the netWork station. 

8. The method according to claim 6 Where the beam 
identifying information data for each beam includes a direc 
tion of the beam, a time the beam Was sent and a transmit 
poWer of the beam, Wherein the estimating the position, 
speed and direction of movement of the WTRU includes: 

calculating a signal pathloss from the beam identifying 
information data and received signal strength data, for 
each of the plurality of beams; 

estimating, from the calculated pathloss, a distance from 
the netWork station knoWn transmission location to the 
WTRU for each of the plurality of beams; 

estimating, from the netWork station knoWn transmission 
location and the respective estimated distances, a posi 
tion of the WTRU each of the plurality of beams; and 

estimating the WTRU’s speed and direction of movement 
using the plurality of position estimates in combination 
With the times the respective beams Were sent. 

9. The method according to claim 8 Wherein the distance 
from the netWork station knoWn transmission location to the 
WTRU is estimated using one of: an environmental factor, 
a cost-231 Hata model, a plane earth propagation model or 
a free space model. 

10. The method according to claim 8 Wherein the receiv 
ing step is performed With respect to a selected number of no 
less than three directional beams successively transmitted 
from the netWork station. 

11. The method according to claim 6 Wherein the trans 
mitting directional beams is performed by a netWork station 
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of a Wireless communication netWork Which is one of: an 
IEEE 802.11, an IEEE 802.16, a GSM or a 3GPP compliant 
netWork system using predetermined frame formats; and the 
estimating step is performed by the netWork. 

12. A Wireless transmit receive unit (WTRU) comprising: 

a receiver con?gured to receive from a netWork station a 
plurality of transmitted directional beams, including 
beam identifying information for each of the received 
beams; 

a memory associated With said receiver; 

said receiver con?gured to measure the respective 
received signal strength for each of the plurality of 
received beams and to storing respective beam identi 
fying information data With respective measured 
received signal strength data in said memory; and 

a transmitter con?gured to transmit to the netWork station 
stored beam identifying information data and received 
signal strength data for the plurality of received beams 
to thereby enable the netWork station to estimate the 
position, speed and direction of movement of the 
WTRU using beam identifying information data and 
received signal strength data for the plurality of 
received beams received from the WTRU. 

13. The WTRU according to claim 12 Wherein the trans 
mitter is con?gured to transmit beam data in sets With 
respect to a selected number of no less than three directional 
beams successively transmitted from the netWork station. 

14. The WTRU according to claim 12 Wherein receiver is 
con?gured to store beam identifying information data for 
each beam that includes a direction of the beam, a time the 
beam Was sent and a transmit poWer of the beam. 

15. The WTRU according to claim 14 Wherein the trans 
mitter is con?gured to transmit beam data in sets With 
respect to a selected number of no less than three directional 
beams successively transmitted from the netWork station. 

16. The WTRU according to claim 15 con?gured for use 
in a Wireless communication netWork Which is one of: an 
IEEE 802.11, an IEEE 802.16, a GSM or a 3GPP compliant 
netWork system using predetermined frame formats. 

17. A Wireless transmit receive unit (WTRU) con?gured 
a netWork station for a Wireless communication netWork 
comprising: 

a transmitter con?gured to transmit Wireless communica 
tion signals in directional beams from a knoWn location 
such that beams are from time to time transmitted to 
each area serviced by the WTRU, each beam including 
beam identifying information to thereby enable user 
WTRUs to receive identi?ed beams and measure and 
store respective received signal strength; and 

a receiver con?gured to receive from a user WTRU stored 
beam identifying information data and received signal 
strength data for a plurality of beams transmitted by the 
WTRU and received by the user WTRU; and 

a processor con?gured to estimate the position, speed and 
direction of movement of the user WTRU using the 
beam identifying information data and received signal 
strength data for the plurality of beams received by the 
user WTRU. 

18. The WTRU according to claim 17 Wherein the 
receiver is con?gured to receive from a user WTRU stored 
beam identifying information data and received signal 
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strength data for sets of a selected number of no less than 
three directional beams successively transmitted from the 
WTRU. 

19. The WTRU according to claim 17 Wherein: 

the transmitter is con?gured to transmit and the receiver 
is con?gured to receive beam identifying information 
data for each beam that includes a direction of the 
beam, a time the beam Was sent and a transmit poWer 
of the beam; and 

the processor is con?gured to estimate the position, speed 
and direction of movement of the user WTRU by: 

calculating a signal pathloss from the beam identifying 
information data and received signal strength data, 
for each of the plurality of beams; 

estimating, from the calculated pathloss, a distance 
from the WTRU knoWn transmission location to the 
user WTRU for each of the plurality of beams; 

estimating, from the WTRU knoWn transmission loca 
tion and the respective estimated distances, a posi 
tion of the user WTRU each of the plurality of 
beams; and 
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estimating the user WTRU’s speed and direction of 
movement using the plurality of position estimates in 
combination With the times the respective beams 
Were sent. 

20. The WTRU according to claim 19 Wherein the pro 
cessor is con?gured to estimate the distance from the WTRU 
knoWn transmission location to the user WTRU by using one 
of: an environmental factor, a cost-231 Hata model, a plane 
earth propagation model or a free space model. 

21. The WTRU according to claim 19 Wherein the 
receiver is con?gured to receive from a user WTRU stored 
beam identifying information data and received signal 
strength data for sets of a selected number of no less than 
three directional beams successively transmitted from the 
WTRU. 

22. The WTRU according to claim 17 con?gured as a 
netWork station of a Wireless communication netWork Which 
is one of: an IEEE 802.11, an IEEE 802.16, a GSM or a 
3GPP compliant netWork system using predetermined frame 
formats; and the estimating step is performed by the net 
Work. 


