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observed time difference of arrival (OTDOA) measurements
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26 Claims, 8 Drawing Sheets

6810 Receive satellite positioning
information
6820 Receive OTDOA measurements
v 600
630 Determine location of mobile device
Y
640 Determine GPS time estimate

|

Determine transmission delay

650




US RE48,505 E

Page 2
(56) References Cited 6,519,465 B2 2/2003 Stilp et al.
6,546,256 Bl 4/2003 Maloney et al.
U.S. PATENT DOCUMENTS 6,553,322 Bl 4/2003 Ignagni
6,563,460 B2  5/2003 Stilp et al.
4,814,751 A 3/1989 Hawkins et al. 6,571,082 Bl 5/2003 Rahman et al.
4,845,504 A 7/1989 Roberts et al. 6,603,428 B2  8/2003 Stilp
4,891,650 A 1/1990 Sheffer 6,603,761 B1 82003 Wang et al.
5,056,106 A 10/1991 Wang et al. 6,640,106 B2  10/2003 Gutowski et al.
5,218,618 A 6/1993 Sagey 6,646,604 B2  11/2003 Anderson
5,317,323 A 5/1994  Kennedy et al. 6,661,379 B2  12/2003 Stilp et al.
2%22’5‘3 i l%ggj gtlllll?u?t al. 6,765.531 B2  7/2004 Anderson
D, CHILINZ 6,771,625 Bl 8/2004 Beal
5372,144 A 12/1994 Mortier et al. £771060 Bl 20004 Clel?noy ol
5,404,376 A 471995 Dent 6.782.264 B2 82004 Anderson
5,423,067 A 6/1995 Manabe .
5465280 A 11/1995 Kennedy, Jr. gag;‘ﬁ;‘ g% 1%88"5‘ %Chefzmge;et al.
5,506,863 A 4/1996 Meidan et al. 957, urrant et a.
5,506,864 A 4/1996 Schilling 6,845,240 B2 1/2005 Carlson et al.
5,508,708 A 4/1996 Ghosh et al. 6,859,172 B2 2/2005 Powers et al.
5,512,908 A 4/1996 Herrick 6,871,077 B2~ 3/2005 Kennedy, Jr.
5,515419 A 5/1996 Sheffer 6,873,290 B2 3/2005 Anderson et al.
5,519,760 A 5/1996 Borkowski et al. 6,876,859 B2 4/2005 Anderson et al.
5,559,864 A 9/1996 Kennedy, Ir. 6,920,329 B2 7/2005 Kennedy, JIr. et al.
5,592,180 A 1/1997 quev et al. 6,922,170 B2 7/2005 Alexander, Jr.
5,608,410 A 3/1997 Stilp et al. 6,952,158 B2  10/2005 Kennedy, Jr.
5,614,914 A 3/1997 Bolgiano et al. 6,987,979 B2 1/2006 Carlsson
5,675,344 A 10/1997 Tong et al. 6,996.392 B2  2/2006 Anderson et al.
5,736,964 A 4/1998 Ghosh et al. 7,023,383 B2 4/2006 Stilp et al.
5,815,538 A 9/1998 Grell et al. 7,167,713 R? 1/2007 Anderson
5,825,887 A 10/1998 Lennen -
7,271,765 B2 9/2007 Stilp et al.
5,870,029 A 2/1999 Otto et al.
7,340,259 B2 3/2008 Maloney et al.
5920278 A 7/1999 Tyler et al.
7.427.952 B2 9/2008 Bull et al.
5,952,969 A 9/1999 Hagerman et al. 7440767 BY 10/2008 Mal ¢ al
5,959,580 A 9/1999 Maloney et al. 1Y, oney ¢t al.
5960341 A 9/1999 LeBlanc et al 7,993,738 B2 9/2003  Anderson
5,973,643 A 10/1999 Hawkes et al. 9,423,508 B2 82016 Hannan et al.
5,087,329 A 11/1999 Yost et al. 9,778,371 B2 10/2017 Hannan et al.
6,014,102 A 1/2000 Mitzlaff et al. 2002/0172223 Al 112002 Stilp
6,047,192 A 4/2000 Maloney et al. 2003/0064734 A1 4/2003 Stilp et al.
6,091,362 A 7/2000 Stilp et al. 2003/0139188 Al 7/2003 Chen et al.
6,097,336 A 8/2000 Stilp 2003/0190919 Al  10/2003 Niemenmaa
2’?3}"??; i ggggg Eostl et al. 2003/0203738 Al  10/2003 Brown et al.
S cd 2004/0043775 Al 3/2004 Kennedy et al.
6,108,555 A 8/2000 Maloney et al. 004/0132466 A- 27004 K qv T
6,115,599 A 9/2000 Stilp - canedy, 4.
6,119,013 A 9/2000 Maloney et al. 2004/0203921 Al 10/2004 Bromhead el .‘:11.
6,127.975 A 10/2000 Maloney 2004/0218664 Al  11/2004 Kennedy, Jr. et al.
6,144,711 A 11/2000 Raleigh et al. 2004/0252752 Al 12/2004 Kennedy, Jr. et al.
6,172,644 Bl 1/2001 Stilp 2005/0058182 Al  3/2005 Kennedy, Jr. et al.
6,184,829 Bl 2/2001 Stilp 2005/0136945 Al 6/2005 Kennedy et al.
6,188,351 Bl ~ 2/2001 Bloebaum 2005/0164712 Al 7/2005 Kennedy, Jr. et al.
6,191,738 Bl 272001 Pteil et al. 2005/0192026 Al 9/2005 Carlson et al.
6,201,499 Bl 3/2001 Hawkes et al. |
£201.803 R. 32001 Munday e al 2006/0003695 Al 1/2006 Kennedy, Jr. et al.
6,212,319 R1 4/2001 Cayrefourcq 2006/0003775 A 1/2006 Bull et al.
6,233,459 Bl 5/2001 Sullivan et al. 2006/0030333 Al 2/2006 Ward et al.
6,236,359 Bl 5/2001 Watters et al. 2006/0116130 Al 6/2006 Kennedy, Jr et al.
b b y
6,246,884 Bl 6/2001 Karmi et al. 2006/0125695 Al 6/2006 Kennedy, JIr. et al.
6,266,013 Bl 7/2001 Stilp et al. 2006/0141998 Al 6/2006 Kennedy, Jr. et al.
6,281,834 Bl 8/2001 Stilp 2006/0154607 Al 7/2006 Kennedy, Jr. et al.
6,285321 Bl 92001 Sulp et al. 2006/0240836 Al  10/2006 Kennedy, Jr. et al.
6,288,675 B1  9/2001 Maloney | _ | " |
6288676 Bl  9/2001 Maloney 2007/0087689 Al 4/2007 Alles et al.
6,311,043 B1  10/2001 Haardt et al. 2007/0155401 Al 7/2007 Ward et al.
6,317,081 Bl  11/2001 Stilp 2007/0155489 Al 7/2007 Beckley et al.
6,317,604 Bl  11/2001 Kovach, Jr. et al. 2007/0202885 Al  8/2007 Kennedy, Jr. et al.
6,334,059 Bl 12/2001 Stilp et al. 2008/0132244 A1 6/2008 Anderson
6,351,235 B1 22002 Sulp 2008/0132247 Al  6/2008 Anderson
6,366,241 B2 4/2002 Pack et al. 2008/0137524 Al 6/2008 Anderson et al.
6,388,618 Bl 5/2002 Stilp et al. ~008/0158050 A 217008 Bull et al
6,400,320 Bl  6/2002 Stilp et al. ) ultetan
6,470,195 Bl 10/2002 Meyer 2008/0161015 Al 7/2008 Maloney et al.
6,477,161 B1  11/2002 Hudson et al. 2008/0248811 Al  10/2008 Maloney et al.
6,483,460 B2  11/2002 Stilp et al. 2008/0261611 A1  10/2008 Anderson et al.
6,492,944 B1  12/2002 Stilp 2008/0261612 Al  10/2008 Mia et al.
6,501,955 B1 12/2002 Durrant et al. 2008/0261613 Al 10/2008 Anderson et al.




US RE48,505 E
Page 3

(56) References Cited
U.S. PATENT DOCUMENTS

10/2008 Mia et al.
1/2009 Ward et al.

2008/0261614 Al
2009/0005061 Al

FOREIGN PATENT DOCUMENTS

WO 2006088472
WO 2006088472 Al

8/2006
8/2006

OTHER PUBLICATIONS

U.S. Patent and Trademark Oflice, File History from U.S. Appl. No.

15/242,272, 206 Pages, Published: US.

Ziskind et al., “Maximum Livelithood Localization of Multiple
Sources by Alternating Projection”, “IEEE Transactions on Acous-
tics, Speech, and Signal Processing”, “Oct. 19887, pp. 1553-1560,
vol. 36, No. 10, Publisher: IEEE.

US Patent Oflice, “Notice of Allowance”, “from U.S. Appl. No.
13/740,643, Apr. 21, 2016, pp. 1-7, Published in: US.

US Patent Oflice, “Ex Parte Quayle Action™, “from U.S. Appl. No.
13/740,643”, Nov. 16, 2015, pp. 1-34, Published in: US.

US Patent Office, “Restriction Requirement”, “from U.S. Appl. No.
13/740,643”, Jul. 14, 2015, pp. 1-6, Published in: US.

N.Agarwal et al., “Capacity Analysis of the GSM Short Message
Service”, “Indian Institute of Technology Bombay”, “Jan. 2004,
pp. 1-5.

J.D Bard et al., “Time Difference of Arrival Dilution of Precision
and Applications”, “IEEE Transactions on Signal Processing”, Feb.
1999, pp. 521-523, vol. 47, No. 2, Publisher: IEEE.

Caffery et al., “Overview of Radiolocation in CDMA Cellular
System”, “Communications Magazine”, “Apr. 1998”, pp. 38-45,
vol. 36, No. 4, Publisher: IEEE.

J. Caffery Jr et al., “Subscriber Location in CDMA Cellular Net-

- -1

works”, “IEEE Transactions on Vehicular Technology”, “May 1998 pp.
406-416, vol. 47, No. 2, Publisher: IEEE.

J. Caffery Jr, “A New Approach to the Geometry of TOA Location”,
“IEEE”, “V'TC 20007, pp. 1943-1949, Publisher: IEEE.

Y.T. Chan et al., “A Simple and Eflicient Estimator for Hyperbolic

D 1

Location”, “IEEE Transactions Signal Processing”, “Aug. 1994”,
pp. 1905-19135, vol. 42, No. 8, Publisher: IEEE.

Y. Chen et al., “Joint Angle and Delay Estimation for DS-CDMA
with Application to Reduced Dimension Space-Time Rake Receiv-
ers”’, “Mar. 1999, pp. 2933-2936, Publisher: IEEE.

P.C. Chen, “A Non-Line-of-Sight Error Mitigation Algorithm in
Location Estimation”, “IEEE Conference on Wireless communica-
tions Networking”, “Sep. 1999”, pp. 316-320, vol. 1, Publisher:
IEEE.

L. Cong et al., “Non-Line-of-Sight Error Mitigation in TDOA
Mobile Location”, “IEEE Global Telecommunications conference”,
“Sep. 20017, pp. 680-684, vol. 1, Publisher: IEEE.

G.W.K. Colman, “A Comparison of the Accuracy of TDOA and
TOA Location Algorithms with Equivalent Receiver Geometry™,
“Defence R&D Canada Technical Memorandum”, “Oct. 20017, pp.
1-53.

Drane et al., “Positioning GSM Telephones”, “IEEE Communica-
tion Magazine”, “Apr. 1998”, pp. 46-54,59, Publisher: IEEE.
W.H. Foy, “Position-Location Solutions by Taylor-Series Estima-
tion”, “IEEE Transactions on Aerospace and Electronic Systems”,
“Mar. 1976”, pp. 187-194, vol. AES 12, No. 2, Publisher: IEEE.
M. Haardt et al., “Joint Estimation of 2-D Arrival Angles, Propa-
gation Delays, and Doppler Frequencies in Wireless Communica-
tions”, “IEEE Digital Signal Processing Workshop, Bryce Canyon
National Park, Utah™, “Aug. 1998, pp. 1-4, vol. 1, Publisher: IEEE.
K.C.Ho et al., “An Accurate Algebraic Solution for Moving Source
Location Using TDOA and FDOA Measurements™, “IEEE Trans-
action on Signal Processing”, “Sep. 20047, pp. 2453-2463, vol. 52,
No. 9, Publisher: IEEE.

C.H. Knapp et al., “The Generalization Correlation Method for

- B ]

Estimation of Time Delay”, “IEEE Transaction on Acoustics, Speech,
and Signal Processing”, “Aug. 19767, pp. 320-327, vol. ASSP 24,
No. 4, Publisher: IEEE.

A. Leshem et al., “Array Calibration 1n the Presence of Multipath”,
“IEEE Transactions on Signal Processing”, “Jan. 2000, pp. 53-59,
vol. 48, No. 1, Publisher: IEEE.

L. Mailaender, “On the Geolocation Bounds for Round-Trip Time-
of-Arrival and All Non-Line-of-Sight Channels”, ““Journal on Advances
in Signaling Processing™, “2008”, pp. 1-10, Publisher: EURASIP.

C.B. Papadias, “Space-Time Signal Processing for Wireless Com-

- 1

munication: A Survey”, “Information Systems Laboratory, Stanford
University”, “Apr. 16-18, 1997, pp. 1-4.

A.J. Paulraj et al., “Space-Time Processing for Wireless Commu-
nications”, “IEEE Signal Processing Magazine”, “Nov. 1997”, pp.
49-83, vol. 11, Publisher: IEEE.

M. Rahnema, “Overview of the GSM System and Protocol Archi-
tecture”, “IEEE Communication Magazine”, “Apr. 1993, pp. 92-100,
Publisher: IEEE.

Rappaport et al., “Position Location Using Wireless Communica-
tions on Highways of the Future”, “Communication Magazine”,
“Oct. 19967, pp. 33-41, vol. 34, No. 10, Publisher: IEEE.

R. Schmdt, “Multiple Emutter Location and Signal Parameter
Estimation”, “IEEE Transactions on Antennas and Propagation”,
“Mar. 19867, pp. 276-280, vol. AP 34, No. 3, Publisher: IEEE.
M. Silventoinen et al., “Mobile Station Emergency Locating in
GSM”, “IEEE International Conference, Personal Wireless Com-
munications”, “1996”, pp. 232-238, vol. 1, Publisher: IEEE.

R.G. Stansfield, “Statistical Theory of DF Fixing”, “IEEE Journal
94, Part III A”, “Oct. 19477, pp. 762-770, Publisher: IEEE.

S. Stein, “Algorithms for Ambiguity Function Processing”, “IEEE

Transactions on Acoustics, Speech, and Signal Processing”, “Jun.
19817, pp. 588-599, vol. ASSP 29, No. 3, Publisher: IEEE.

N.J. Thomas et al., “Performace of a TDOA-AOA Hybrid Mobile
Location System”, “3G Mobile Communication Technologies™,
“Mar. 20017, pp. 216-220, No. 477.

D.J. Torrier1, “Statistical Theory of Passive Location Systems”,

“IEEE Transactions on Acrospace and Electronic Systems™, “Mar.
19847, pp. 183-198, vol. AES 20, No. 2, Publisher: IEEE.

M. Vanderveen et al., “Joint Angle and Delay Estimation (JADE) for
Multipath Signals Arriving at an Antenna Array”’, “IEEE Commu-
nications Letters”, “Jan. 19977, pp. 12-14, vol. 1, No. 1, Publisher:
IEEE.

Xin Wang et al., “A TOA-Based Location Algorithm Reducing the
Errors Due to Non-Line-of-Sight (NLOS) Propagation”, “IEEE
Transactions on Vehicular Technology”, “Jan. 2003, pp. 112-116,
vol. 52, No. 1, Publisher: IEEE.

M. Wax, “Position Location from Sensors with Position Uncer-
tainty”’, “IEEE Transactions on Aerospace and Electronic Systems”,
“Sep. 19837, pp. 658-662, vol. AES 19, No. 5, Publisher: IEEE.
M.P. Wylie et al.,, “The Non-Line of Sight Problem i Mobile
Location Estimation”, “IEEE 5th International conference on Uni-
versal Personal Communications”, “Oct. 19967, pp. 827-831, vol. 2,
Publisher: IEEE.

B.Yang, “Projection Approximation Subspace Tracking”, “IEEE
Transaction on Signal Processing™, “Jan. 19957, pp. 95-107, vol. 43,
No. 1, Publisher: IEEE.

Y.Zhao, “Standardization of Mobile Phone Positioning for 3G
Systems”, “Communications Magazine™, “Jul. 2002, pp. 108-116,
vol. 40, No. 7, Publisher: IEEE.

Ziskind et al., “Maximum Likelithood Localization of Multiple
Sources by Alternating Projection”, “IEEE Transactions on Acous-
tics, Speech, and Signal Processing™, “Oct. 19887, pp. 1553-1560,
vol. 36, No. 10, Publisher: IEEE.

Wax et al., “On Unique Localization of Multiple Sources by Passive
Sensor Arrays”, “IEEE Transactions on Acoustics, Speech, and
Signal Processing”, “Jul. 19897, pp. 996-1000, vol. 37, No. 7,
Publisher: IEEE.



US RE48,505 E

Sheet 1 of 8

Apr. 6, 2021

U.S. Patent

L1

His

|

SSH

=

Lil

e| ainbi4

$TIS

GOl

nr-3L1

— 9 Il_llo.__zo _ - m._wll_ FNA I_

ﬂV

cil

NVHLN

0
!_‘w|Fuoz,mlT\\dN\_
NG _

—_—

[Tl
|

"

0]



US RE48,505 E

Sheet 2 of 8

Apr. 6, 2021

U.S. Patent

'S n_ﬁow D@_\.r_ﬁlv_ o M_.ClmlEl.@l.h —.mmmlc._ lllllll ||__
19
0Ll S90IN0S HO 10l
sjuswiainseawl
leu18}xX] 32IA3(] 198
T s)1sanbal > *
_ sjuUswIaINSeaW |
| 201A8(]
| —~— — === |
sjusWwaINSEaLl SjuSWaINsSeaw
JOM]SN
1[Ul0O sjsanbal v_ _
| |——— — — — glualUaINSESW — soBLISIUI 1Y _
| HIOMJON _ _
| i}
{ \ NVHLN-3 |
NVH1LN/NVHID

ﬂb

601

IX81U0I U0ISS$as pue
uled jsenbal uoneoso

|
|
_
|
|
|
|
|
|
|
|

— qisodn|/q] ——
MIOMISN SS90V
| OTNS-3/SYS/OTANS J/ -

L0}

chi

LSM1/A0/V

NN
YIOMISN 8109

635/07

| SSHATH —— S YT

ﬁb

23

JTND

Lil



US RE48,505 E

Sheet 3 of 8

Apr. 6, 2021

U.S. Patent

uaby 1dNS
uonedlddy SN

ez 2.1nbI4

(dn7) 41S-01-13S

ﬁu

60¢

L1/o]

(DdS) seue) buuogisod 1dNS

_l BunisiA/Bunsanbay/euioH
—~J -
G0¢

(dn7) .0dS-01-143S

— Wby 1dNsS
(D718) 1sua) uoneaoi 1dNS - o _ juonesijddy SN
BuisipsBuiisenbay/ewoH (dn7) .O1S-0F13S 138
S -
c0g m
(d1S) 107
uLiofie|d uonedot 1dNS
10T -
[ _
I — | dI/dan % »
GiZ
- — e} ——
(dn) SNS _
rn_xos_aws_wm_l, B
_ €1z
(dn) dvd | (dn1) dv.10d
- | Odd dVM [T
(dn7) SIS
112
0zz




US RE48,505 E

Sheet 4 of 8

Apr. 6, 2021

U.S. Patent

(8d9 ‘69)
S90IN0S
juswiainseaul

[eulaix3

Olc

g 24nbi4

L E L . L " L J
/0C aoIneq J8s
\)‘\w -I_

syusuwiainseaw _

v sjuswaINsesW
e SIOMION
aoBIaUI |

|eai1sAyd |

S |
L0l

el AL 2R RS S,

Jaleaq
aue(d Jasn

0cc

sisenbal

Jusuwiainseaw || pue
yied UoISSOS UONBI0T



US RE48,505 E

Sheet 5 of 8

Apr. 6, 2021

U.S. Patent

e 2inbi4

OARIST X
LLLLLLLLL S,
ﬁ sﬁ_ ...... BN
= ANCNS
ﬁ :../ HFREON _
ﬂx ....................... -
1OI0SULCT A
- BLISUY K| oL
AYLIS *3LIS
:
| i
: ]
“ T M A3 'X3N
| . _
u ;;L N \xgaw
Ny w_..f\\}ff h/.w.,.f w,mx___
# T 0cE -
| T |
“ g L
m b e
| ﬁ. p - $
d - |
| - M
} ..,........._...1....1. M
_ e

]

S3IN0S
IDUBIRFY]

-
ln!L



US RE48,505 E

Sheet 6 of 8

Apr. 6, 2021

U.S. Patent

aoiaa(] 18biel W

LORRULOI JUdlainsesiy BUdIQ
QONEY J0) USode anusialal Uasoun

---------------------------------------------------------------------------------------------

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111

ke

rrrrren e

812

[SLu] 1ESNASY QLU JRSNEAS DeAIBSAD

SWi | = IESNAAS 8SEBUdan0nehs)u!
SWLQLS ' = IBSNEAS 988dRp0d

0 = L#AS 25BYdapouabsiu
SWLLOL D = {BAS 95BU4RDUD
Sl & = ANDIgUWYSSBY 48ponssub
] = JSQUINNBWERI JWBISAS
S H|7 = 085O0 88U
UGIRUUSI| Bssnsesly subie SOND

[5ti] M5 Uiy LEAS PRAIESOQ

----------------------------------------------------------------------------

pL NS 4000 gNe Sutaieg

11111111111111111111111111111111111111111111111111111111111111111111111111111

_ELE S @BLUIST 0L SSND

{ O
-
| O\
—
=
N

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

L] [T T R T L U T T R T R T T T T T S B | LI}
o ¥
L +
- -+
i .
.

2 > e s V) o Ling

............ fo e T e T

Sei] HICR LRAS

717 > swhi ol e8NS

, -
Sigi|

v K ELZ

-~




U.S. Patent Apr. 0, 2021 Sheet 7 of 8 US RE48.505 E

Receive satellite positioning

510 | information
Receive E-CID positioning
520 . .
iInformation
' 1“ 500
530 Determine location of mobile device
\ 4

540 Determine transmission delay

I

FIGURE 5



U.S. Patent Apr. 6, 2021 Sheet 8 of 8 US RE48.505 E

—

610 Receive satellite positioning

information
- |
6820 r Receive OTDOA measurements

630 Determine location of mobile device

S, A ——

640 Determine GPS time estimate I

1

Determine transmission delay

650

FIGURE 6




US RE48,505 E

1

AUTONOMOUS TRANSMIT CHAIN DELAY
MEASUREMENTS

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS REFERENCES

[The present application] This Reissue Application is a

reissue of application Ser. No. 15/242,272, filed Aug. 19,
2016, which issued as U.S. Pat. No. 9,778,371, and which 1s
a divisional of U.S. application Ser. No. 13/740,643, filed on

Jan. 14, 2013, now U.S. Pat. No. 9,423,508 and entitled
“AUTONOMOUS TRANSMIT CHAIN DELAY MEA-
SUREMENTS,” which claims the priority benefit of the
provisional application entitled, “Autonomous Transmit
Chain Delay Measurements,” Application Ser. No. 61/585,
681, filed on Jan. 12, 2012, wherein the contents of all of the
foregoing applications are hereby incorporated by reference.

BACKGROUND

The location of a mobile, wireless or wired device 1s a
uselul and sometimes necessary part of many services. The
precise methods used to determine location are generally
dependent on the type of access network and the information
that can be obtained from the device. For example, in
wireless networks, a range of technologies may be applied
for location determination, the most basic of which uses the
location of the radio transmitter as an approximation.

Exemplary wireless networks may be a World Interoper-
ability for Microwave Access (“Wi1IMAX™) network, a Long
Term Evolution (“LTE”) network, and the like. Generally,
WiIMAX 1s mtended to reduce the barriers to widespread
broadband access deployment with standards-compliant
wireless solutions engineered to deliver ubiquitous fixed and
mobile services such as VoIP, messaging, video, streaming
media, and other IP traflic. L'TE 1s generally a 4G wireless
technology and 1s considered the next in line 1n the Global
System for Mobile Commumnication (“GSM”) evolution path

alter Universal Mobile Telecommunications System
(“UMTS”)/ High-Speed Downlink Packet Access

(“HSPDA”) 3G technologies. LTE builds on the 3GPP
family including GSM, General Packet Radio Service
(“GPRS”), Enhanced Data Rate for Global Evolution
(“EDGE”), Wideband Code Division Multiple Access
(“WCDMA”), High Speed Packet Access (“HSPA™), etc.,
and 1s an all-IP standard like WiMAX. LTE 1s based on
orthogonal frequency division multiplexing (“OFDM”)
Radio Access technology and multiple input multiple output
(“MIMQO”) antenna technology. LTE provides higher data
transmission rates while efliciently utilizing the spectrum
thereby supporting a multitude of subscribers than i1s pos-
sible with pre-40 spectral frequencies. L1E 1s all-IP permit-
ting applications such as real time voice, video, gaming,
social networking and location-based services. LTE net-
works may also co-operate with circuit-switched legacy
networks and result 1n a seamless network environment and
signals may be exchanged between traditional networks, the
new 40 network and the Internet seamlessly. While LTE
protocol 1s being defined 1n the 3GPP standards as the next
generation mobile broadband technology, there 1s a need for
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mobile subscriber or user equipment (“UE”) location in
exemplary networks for compliance with the FCC E-911
requirements and for other location based services. The
3GPP standards have also 1dentified different methods that
could be used for positioning of an UE for an evolved-
UMTS Terrestrial Radio Access Network (“E-UTRAN™).
A number of applications currently exist within conven-

tional communication systems, such as those supporting

OSM, Time Division Multiple Access (“TDMA™), Code
Division Multiple Access (“CDMA”), Orthogonal Fre-
quency Division Multiple Access (“OFDMA™) and UMTS
technologies, for which location solutions are needed by
mobile units, mobile stations, UE or other devices and by
other entities 1n a wireless network. Examples of such
applications may include, but are not limited to, GPS
positioning and assisted global position system (“A-GPS™)
positioning. A-GPS adaptable UE may acquire and measure
signals from a number of satellites to obtain an accurate
estimate ol the DE’s current geographic position. GPS-
based solutions may offer excellent accuracy, but GPS-based
solutions generally sufler from yield i1ssues in indoor envi-
ronments or 1n environments that provide a poor line of sight
to the open sky 1n which to best receive GPS satellite
transmissions. Furthermore, embedding GPS chipsets into
UE may also add an associated cost to the manufacturing of
the UE and an associated cost to A-GPS functionality 1n the
respective communications network. There, however, exists
a need 1n the art to locate UMTS, OFDMA or W-CDMA
mobile devices to satisty FCC E-911 regulations as well as

to provide Location Based Services for mobile phone users.
The 3GPP UMTS standard outlines several methods for

location including Cell-ID, Enhanced Cell-ID (*E-CID”),
A-GPS, Observed Time Difference of Arrival (“OTDOA™),
and Uplink Time Diflerence of Arrival (“U-TDOA”). Cell-
ID generally 1s the simplest method which provides coarse
positioning of mobile devices based on a known location of
the coverage area centroid of each base station sector.
Additionally, A-GPS 1s a straightforward implementation for
network and handset manufacturers due to their legacy in
CDMA2000 networks. Likewise, U-TDOA 1s also a
straightforward technique for those skilled 1n the art and has
been widely deployed for other air standards. OTDOA may
be confronted with significant implementation challenges
for network carriers, due to the fact that the base station
timing relationships must be known, or measured, for this
technique to be viable.

Some prior art systems are mobile appliance-based and
determine the position of the mobile appliance by receiving
multiple dedicated location signals either from components
outside the mobile appliance’s communication system, such
as satellites and GPS systems or from a network of dedicated
land-based antennas. Other prior art geolocation systems
that are network overlay, or infrastructure-based, systems
use combinations of specific, as opposed to ambiguous,
measurements generally from multiple base stations, such as
AOA, TOA and TDOA. These specific measurement values
may be utilized to solve a set of mathematical equations to
determine the location of the mobile appliance.

There 15, however, a need i1n the art to obviate the
deficiencies in the prior art and provide methods that use

uplink and/or downlink signal measurements in an exem-

plary communications network, such as, but not limited to,
a UMTS, an LTE network, etc. There 1s also a need 1n the
art to provide the core measurements necessary for OTDOA
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positioning methods while attaining the accuracy standards
that meet FCC Phase I and II requirements.

SUMMARY

Embodiments of the present subject matter may thus
provide a system and method to autonomously measure
signal delay 1n the transmission path between a baseband
processing umt and antenna. Hence, embodiments of the
present subject matter may measure the transmission time of
downlink signals from the cell site antenna. Such an autono-
mous measuring technique may permit quick deployment of
an exemplary OTDOA system for positioning of a mobile
device or UE.

In some embodiments of the present subject matter a
method of determining transmission delay 1n a communica-
tions system 1s provided. Satellite positioning information
may be recerved for a mobile device, and E-CID positioning,
information received for the mobile device. A location of the
mobile device may then be determined as a function of the
received satellite positioning information. Transmission
delay between a node serving the mobile device and an
antenna serving the mobile device may then be determined
as a function of the received E-CID positioning information
and the determined location of the mobile device.

In other embodiments of the present subject matter a
method of determining transmission delay 1n a communica-
tions network having a plurality of nodes 1s provided. The
method may include receiving satellite positioning informa-
tion for a mobile device, the received satellite positioning,
information including System Frame Number (SFN) infor-
mation and receiving OTDOA measurements for a mobile
device from one or more of the plural nodes. A location of
the mobile device may be determined as a function of the
received satellite positioning information, and a Global
Positioning System (GPS) time estimate determined as a
function of the determined location of the mobile device.
Transmission delay between a node serving the mobile
device and an antenna serving the mobile device may then
be determined as a function of the recerved OTDOA mea-
surements and determined GPS time estimate.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s an 1illustration of an exemplary architectural
diagram for CoPL.

FIG. 1B 1s an 1llustration of the operation of an exemplary
CoPL architecture.

FIG. 2A 1s an illustration of an exemplary architectural
diagram for SUPL.

FIG. 2B 1s an illustration of the operation of an exemplary
SUPL architecture.

FIG. 3 1s an illustration of transmission delay measure-
ment 1n some embodiments of the present subject matter.

FI1G. 4 1s diagram of network time boundary alignment for
signal measurements according to some embodiments of the
present subject matter.

FIG. 5 1s a diagram of one embodiment of the present
subject matter.

FIG. 6 1s a diagram of another embodiment of the present
subject matter.

DETAILED DESCRIPTION

With reference to the figures, where like elements have
been given like numerical designations to {facilitate an
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understanding of the present subject matter, the various
embodiments for autonomous transmit chain delay measure-
ments are described.

The following description of the present subject matter 1s
provided as an enabling teaching of the present subject
matter and its best, currently-known embodiment. Those
skilled 1n the art will recognize that many changes can be
made to the embodiments described herein while still
obtaining the beneficial results of the present subject matter.
It will also be apparent that some of the desired benefits of
the present subject matter can be obtained by selecting some
ol the features of the present subject matter without utilizing
other features. Accordingly, those who work 1n the art will
recognize that many modifications and adaptations of the
present subject matter are possible and may even be desir-
able 1n certain circumstances and are part of the present
subject matter. Thus, the following description 1s provided
as 1llustrative of the principles of the present subject matter
and not 1n limitation thereof. While the following exemplary
discussion of embodiments of the present subject matter
may be directed towards or references specific telecommu-
nications systems, 1t 1s to be understood that the discussion
1s not intended to limit the scope of the present subject
matter i any way and that the principles presented are
equally applicable to other communications networks, sys-
tems and associated protocols.

Those skilled 1n the art will appreciate that many modi-
fications to the exemplary embodiments described herein are
possible without departing from the spirit and scope of the
present subject matter. Thus, the description 1s not intended
and should not be construed to be limited to the examples
grven but should be granted the full breadth of protection
allorded by the appended claims and equivalents thereto. In
addition, 1t 1s possible to use some of the features of the
present subject matter without the corresponding use of the
other features. Accordingly, the foregoing description of
exemplary or illustrative embodiments 1s provided for the
purpose of 1llustrating the principles of the present subject
matter and not 1n limitation thereof and may include modi-
fication thereto and permutations thereof. The terms
“device,” “handset,” “terminal,” and ‘“‘station” are utilized
interchangeably through the present disclosure and such use
1s not intended to limit the scope of the claims appended
herewith. It should also be noted that the terms “node(s)”
and “site(s)” and “station(s)” are also utilized interchange-
ably through the present disclosure and such use i1s not
intended to limait the scope of the claims appended herewith.

Generally, LCS methods are accomplished through Con-
trol Plane (“CoP”) or User Plane (“UP”) methods. CoP
Location (“CoPL”) refers to using the control signaling
channel within the network to provide location information
of the subscriber or UE. UP Location (“UPL”), such as
Secure User Plane Location (“SUPL”) uses the user data
channel to provide location information. CoPL location

approaches include, but are not limited to, Angle-of-Arrival
(“AOA”), Observed Time-Difference-of-Arrival (“O1-

DOA”), Observed-Time-Difference (“OTD”), Enhanced-
OTD (“E-OTD”), Enhanced Cell-ID (“E-CID”), A-GPS,
and A-GNSS. UPL approaches include, but are not limited
to, A-GPS, A-GNS S, and E-CID, where this position data
1s communicated over IP.

There are two established architectures associated with
location determination 1n modem cellular networks. These
architectures are CoP and UP architectures. Typically, loca-
tion requests are sent to a network through a query gateway
function, and depending on the network implementation,
CoP or UP may be used. The diflerence between user plane
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and control plane, generally, 1s that the former uses the
communication bearer established with the device 1n order
to communicate measurements. The latter uses the native
signaling channels supported by the controlling network
clements of the core and access to communicate measure-
ments. For example, a CoPL solution supporting A-GPS
would use its control plane signaling interfaces to commu-
nicate GPS data to/from the handset. Similarly UPL can
conduct E-OTD, 1.e., the handset takes the timing measure-
ments but 1t communicates them to the location platform
using the data bearer. UPL has the advantage of not depend-
ing on specific access technology to communicate measure-
ment information. CoPL has the advantage that 1t can access
and communicate measurements which may not be available
to the device. Current models generally require network
operators to deploy one or the other, CoPL or UPL. CoPL
generally uses the native signaling plane of the network to
establish sessions and communicate messages associated
with location requests and to communicate measurements
used for determinming location. The control plane 1s the
signaling infrastructure used for procedures such as call
control, hand-off, registration, and authentication 1 a
mobile network; CoPL uses this same infrastructure for
performing location procedures. CoPL can utilize measure-
ments made by both the control plane network elements as
well as the end-user device being located.

FIG. 1A 1llustrates an exemplary architectural diagram of
CoPL. A mobile station or mobile appliance 101 communi-
cates with an E-NodeB 105 via wireless interface LTE-Uu.
A mobility management entity (“MME”) 113 coordinates
between the mobile appliance communication network and
a gateway mobile location center (“GMLC”) 117. In opera-
tion, a location measurement device (not shown) may be
connected to the E-NodeB 105 and make measurements on
the RF signals of the LTE-Uu interface, along with other
measurements to support one or more of the position meth-
ods associated with the CoPL. Measurements from the
location measurement umits are sent to a serving mobile
location center (“SMLC”) or Evolved-SMLC (“*E-SMLC”)
109 where the location of a mobile appliance/UE 101 can be
determined. The GMLC 117 may be connected to a home
subscriber server (“HSS™) 111 over an SLh interface.

The operation of a CoPL architecture 1s shown 1n FIG. 1B.
This shows the 3GPP location services architecture. A
gateway mobile location centre (“GMLC”’) 117 may be the
network element that receives the location requests. The
GMLC queries the HLR/HSS 111 over the Lh/SLh interface
to find out which part of the access network 107 1s currently
serving the target device. The GMLC 117 sends a location
request to the current serving core network node 113 via the
Lg/SLg interface. The current serving core network node
113 (e.g., MME) then passes the request to the part of the
access network 107 attached to the target device (e.g.,
GERAN BSC, UTRAN RNC or E-UTRAN RNC). This
access network element 107 then invokes the facilities of the
SMLC/SAS/E-SMLC 109. The location request session
between the access network node 107 and the SMLC/SAS/
E-SMLC 109 provides a channel by which the SMLC/SAS/
E-SMLC 109 can ask for network measurements or to send
messages to the end-user device 101 so that device mea-
surement mformation can be exchanged. The SMLC/SAS/
E-SMLC 109 may also obtain location measurement infor-
mation Irom external devices 110 such as location
measurement units (“LMUs™) which take RF readings from
the air interface. Similarly, the device may also take mea-
surements from external systems, such as GPS satellites, and

communicate these to the SMLC/SAS/E-SMLC 109.
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The E-SMLC may generally be a serving location node
defined by 3GPP and 1s analogous to the GERAN-SMLC

and UTRAN-SAS. The E-SMLC hosts position calculation
functions and may be responsible for the overall coordina-
tion ol a location request including selecting approprate
positioning technologies based on the requested quality of
service (accuracy, response time), interacting with the
mobile appliance and access network to serve assistance
data and obtain appliance and network based measurements,
providing the position calculation function, fallback posi-
tioning 1n case the primary location technique of choice
fails, and generally assuring that a location result may be
provided back to the tasking entity. Thus, the E-SMLC may
generally support the interface to the MME 1n accordance
with 3GPP protocol specifications, support multiple posi-
tioning technologies including Cell ID, E-CID, handset-
based and handset-assisted A-GPS/A-GNSS, OTDOA,
uplink timing LMU technology, AOA, and hybrid position-
ing in accordance with emerging standards and the demands
ol the market.

Developed as an alternative to CoPL, SUPL may gener-
ally be a set of standards managed by the Open Mobile
Alliance (“OMA™) to transier assistance data and position-
ing data over IP to aid network and terminal-based posi-
tioning technologies in ascertaining the position of a SUPL
Enabled Terminal (“SET”). UPL does not explicitly utilize
the control plane infrastructure. Instead, UPL assumes that
a data bearer plane may be available between the location
platform and the end-user device. That 1s, a control plane
infrastructure may have been involved in establishing the
data bearer so that communication can occur with the device
but no location-specific procedural signaling occurs over the
control plane. As such, UPL may be limited to obtaining
measurements directly from the end-user device 1tself.

SUPL 1ncludes a Lup reference point, the interface
between the SUPL Location Platform (“SLP”’) and SET, as
well as security, authentication, authorization, charging
functions, roaming, and privacy functions. For determining
position, SUPL generally implements A-GPS, A-GNSS, or
similar technology to communicate location data to a des-
ignated network node over IP. FIG. 2A illustrates an exem-
plary architectural diagram for SUPL. The illustrated enti-
ties represent a group of functions, and not necessarily

separate physical devices. In the SUPL architecture, an SLP
201 and SET 207 are provided. The SLP 201 may include a

SUPL Location Center (“SLC”) 203 and a SUPL Positioning
Center (“SPC”) 205. The SLC and SPC may optionally
communicate over the Lip interface, for instance, when the
SLC and SPC are deployed as separate entities. The SE'T 207
generally includes a mobile location services (“MLS”)
application, an application which requests and consumes
location iformation, or a SUPL Agent, a service access
point which accesses the network resources to obtain loca-
tion information.

For any SET, an SLP 201 may perform the role of the
home SLP (“H-SLP”), visited SLP (*V-SLP”) or emergency

SLP (“E-SLP”). An H-SLP for a SET includes the subscrip-
tion, authentication, and privacy related data for the SET and
may generally be associated with a part of the SET’s home
public land mobile network (“PLMN”). A V-SLP for a SET
may be an SLP selected by an H-SLP or E-SLP to assist in

positioning thereol and may be associated with or contained
in the PLMN serving the SET. The E-SLP may perform

positioning in association with emergency services initiated

by the SET. The SLC 203 coordinates operations of SUPL
in the network and interacts with the SET over the User
Plane bearer to perform various functions including, but not
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limited to, privacy, mmitiation, security, roaming, charging,
service management, and positioning calculation. The SPC
205 supports various functions including, but not limited to,
security, assistance delivery, reference retrieval, and posi-
tioming calculation.

SUPL session 1nitiation may be network-initiated or SET-
iitiated. The SUPL architecture provides various alterna-
tives for imtiating and facilitating SUPL functions. For
example, a SUPL Imitiation Function (*“SIF”) may optionally
be mitiated using a Wireless Application Protocol Push
Proxy Gateway (“WAP PPG”) 211, a Short Message Service
Center (“SMSC/MC”) 213, or a User Datagram Protocol/
Internet Protocol (“UDP/IP”) 215 core, which forms user
plane bearer 220. The operation of UPL 1s shown 1n FIG. 2B.
Secure User Plane Location 1s a standard specification for
UPL. Location requests come to the SLP 201 from external
applications or from the end-user device itself. IT a data
session does not exist between the SLP 201 and the device
207 already, then the SLP 201 may initiate a request such
that an IP session (user plane bearer i1s established between
the device 207 and the SLP 201. From then on, the SLP 201
may request measurement information from the device 207.
The device may also take measurements from the network
107 or from external systems such as GPS 210. Because
there may be no control plane connectivity to the network,
the SLP 201 cannot directly request any measurement infor-

mation {from the network 107 itself. More information on
SUPL, including the Secure User Plane Location Architec-
ture documentation (OMA-AD-SUPL), can be readily
obtained through OMA.

Exemplary downlink positioning techniques and E-CID
positioning techniques have been 1dentified as candidates for
UE posr[lomng technology for E-UTRAN access. For
example, 1n a downlink positioning technique, the position
of a UE may be estimated based upon measurements taken
at the UE of downlink radio signals from multiple nodes
(c.g., eNodeBs, etc.), along with the knowledge of the
geographical coordinates of the measured nodes and their
relative downlink timing. In an E-CID positioming tech-
nique, knowledge of geographical coordinates of the serving,
node and additional UE/E-UTRAN radio resource measure-
ments may be employed to estimate the position of a UE.
Embodiments of the present subject matter may thus obtain
an estimated position of a UE by combining measurements
obtained from an exemplary E-CID process and measure-
ments obtained from an exemplary OTDOA process.

3GPP standards have defined the downlink System Frame
Number (SFN) 1nitialization time to determine an absolute
time of downlink transmission. For example, an SMLC,
E-SMLC, or equvalent may receive OTDOA cell informa-
tion from both the serving and/or reference eNodeB(s) that
contain the SFN initialization time. This SFN 1nitialization
time may be employed to determine an absolute downlink
transmission time of a downlink frame at a cell site antenna
by measuring the delay between the time stamping module
at the baseband and the transmission antenna.

A downlink SFN mitialization time tagging mechanism,
however, may occur 1n the eNodeB. Thus, 1n many deploy-
ment scenarios there may exist a delay 1n the transmission
path between the eNodeB and the cell site antenna due to
cables, filters, and/or other passive or active components.
Further, such delays 1n the transmission signal path may also
vary among different deployed sites. Transmission time of a
downlink Frame Tx_enb, at the Tx antenna of an nth

cNodeB may be provided by the following relationship:

Tx_enb,=SFN,+0, (1)
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where SFN, represents the SFN initialization time at the n”
e¢NodeB and may be reported under assistance ini

ormation
from the i” eNodeB under the OTDOA cell info Infi

'ormation
Element (IE), and &, represents the delay at the i” base
station between the respective time stamping module and the
transmission cell site antenna.

Exemplary embodiments may determine the delay 1n the

transmission path by using A-GNSS or A-GPS capable UEs,
SE'Ts or other mobile devices. Of course, A-GNSS and
A-GPS are provided as non-limiting examples, as embodi-
ments of the present subject matter may include other
exemplary satellite systems such as, but not limited to,
GLONASS, Galileo, Compass, BeiDou and the like.

For example, 1n one embodiment an E-SMLC or equiva-
lent may 1nitiate network assisted GNSS positioning proce-
dures and/or an E-CID procedure to obtain measurements
from the UE associated with the procedure. A delay 1n the
transmission path may be determined based upon Timing
Advance (TA) measurements from the E-CID procedure
and/or a target location determined from any A-GNSS
measurements. Thus, to determine the transmission path
delay, the UE(s) position(s) determined by or at the E-SMLC
may be paired or associated with respective TA measure-
ments for the UE(s) obtained from the E-CID procedure.

In this embodiment of the present subject matter, both
A-GPS/GNSS and E-CID positioning may be invoked from
the E-SMLC or SLP. In one embodiment, E-CID positioning
may be mvoked through the control plane to provide better
accuracy, and/or A-GPS/GNSS positioning may be invoked
through the SLP to minimize messaging overhead in the
control plane. Of course, embodiments of the present subject
matter should not be so limited as both the control and user
planes may be utilized in embodiments of the present subject
matter.

I1 the position of the UE 1s determined using an exemplary
A-GPS/GNSS positioning method, then the TA recerved
using E-CID may be employed to estimate the delay occur-
ring 1n the transmission path or of the eNodeB as illustrated
in FIG. 3. Further information regarding TA 1s provided 1n
3GPP TS 36.214, the entirety of which 1s incorporated
herein by reference. With reference to FIG. 3, using an
exemplary uplink E-CID positioning method where mea-
surements may be obtained by the eNodeB 310, an E-SMLC
may receive measurement results from the serving eNodeB
310 containing TA for a target UE 320 as illustrated 1n
Figure Ia. As described in 3GPP TS 36.453, the entirety of
which 1s incorporated herein by reference, two types of TA
information may be available from eNodeBs. According to
3GPP TS 36.214, TA may be determined at the transmission/
receiver (Ix/Rx) antenna connector point of the eNodeB.
The TA may account for both the propagation path delay and
Rx/Tx path delay. Hence, 11 one assumes that the delay 1n the
Tx and/or Rx path (1.e., the “transmission” path), 8, between
the cell site antenna 330 and eNodeB 310 are both equal,

then the following relationship may be obtained:

(2)

where, T represents the propagation delay. Equation (2) may
then be rearranged to provide the transmission delay as:

Tip V_g;p31:2$ (T+0)

(3)

It should be noted that the asymmetry of delay in the Tx
and Rx path due to different size of filters in the RF front end
may i1mpact the actual delay but should not impact the
relative timing of downlink signals as these asymmetries
between the Tx and Rx path or chain may not vary signifi-
cantly from one base station to the other. Further, 1n embodi-

0=(T 4pp - pel )/ 2=T
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ments where an SLP mvokes an E-CID positioning proce-
dure, T ;) ;.1 May be replaced by the TA received from a
SET within an LTE LID.

The propagation delay T between the cell site antenna 330
and UE 320 may be determined using knowledge of the
position of the UE 320 and the location of the cell site;
hence, an A-GPS/A-GNSS capable UE 320 may be used to
determine the location of the UE 320. In the absence of TA
Type 1, TA'Type 2 may also be used. In this embodiment, the
transmission delay may be determined using the following
relationship:

(4)

When an E-SMLC, SLP, or other management server or
entity desires to characterize the delay in the transmission
path or chain for a particular site, a number of GPS/GNSS
capable UEs served by that cell may be selected. Thus, the
E-SMLC or SLP may invoke A-GNSS and E-CID position-
ing procedures on the UEs and may retrieve positioning
measurements from UE as outlined in 3GPP TS 36.303,
3GPP TS 36.455, and 3GPP TS 36.3355, the entirety of each
being mcorporated herein by reference.

In another embodiment, a delay 1n the transmission path
may be determined from measurements obtained from the
A-GNSS positioning procedures and the SFN. Thus, the
E-SMLC or equivalent may request the UE to report a
GNSS-network-time association when returning A-GNSS
signal measurement information. In this embodiment of the

present subject matter, an A-GPS/A-GNSS positioning
method may be 1nvoked by the E-SMLC or SLP, and the
E-SMLC or SLP may receive OTDOA cell information from
the serving cell of the UE.
When mitiating the A-GNSS method, an exemplary
E-SMLC may request the target UE to report GNSS-net-
work time association. The fineTimeAssistanceMeasReq
field may be set as TRUE under the IE GNSS-Positioningln-
structions as discussed i 3GPP TS 36.355, the entirety of
which 1s incorporated herein by reference. It should be noted
that, while not required, the UE may support fine time
assistance measurements, as indicated by the field {fta-
MeasSupport, in the IE A-GNSS-Provide-Capabilities.
When the E-SMLC 1ndicates fineTimeAssistanceMeas-
Req, then the UE may align the measurement point with a
cellular frame boundary and include the same 1n the network
time (e.g., SFN) so that the GNSS time reported may be the
time occurs at the frame boundary. FIG. 4 provides an
illustration of such an embodiment. With reference to FIG.
4, precise time may be available after position determina-
tion, so the E-SMLC may establish the final GNSS-network
time relationship From the positioning determination of the
UE, precise GNSS/GPS time of the SFN boundary observed
at the UE may be determined. Assuming that the determined
GNSS/GPS time of SFN_ observed at the UE 1s
UERx™" .., one may determme the propagation delay T
from the cell site antenna to the UE as a function of the
determined location of the UE and the cell site location. If
transmission time of the downlink frame N from the i” base
station cell site antenna is represented as Tx_eNB 7 >
where 1 represents the serving base station, the following

relationship may be obtained:

621’/2(TABV_13:;:€2)_T

Tx_eNB/ SFN-UERx" SFN_q (5)

The E-SMLC may also obtain OTDOA cell information
of the serving eNodeB including SFN initialization time.
The SFN 1nitialization time (in sec relative to 00:00:00 on 1
Jan. 1900) may be translated to GNSS/GPS reference time.

Thus, assuming that the translated SFN time 1s represented
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as eNB ™" if both eNB,* """ and Tx_eNB,"” *** are
expressed 1 GPS/GNSS time of day (TOD), then the
transmission delay may be determined as provided in the
relationship below:

0=Tx_eNB, ¥ 5"V _eNB, Vit

(6)

To minimize measurement errors, the location of the UE
may be obtained from A-GPS/A-GNSS methods by keeping
the UE stationary and/or averaging the same over a prede-
termined number of iterations to minmimize UE location
error. Tx delay, 6, may thus be obtained by averaging over
several times for a stationary UE location. This embodiment
may also be repeated by placing UE(s) distributed over the
cell area to minimize any bias from a particular location.

Thus, embodiments of the present subject matter may
provide a method of determiming delay using a mobile
device’s location and a respective signal’s propagation
delay. Such delay may include cable and/or other RF com-
ponent delays. Further, the propagation delay may be either
uplink and/or downlink paths and may be averaged for better
accuracy.

FIG. 5 1s a diagram of one embodiment of the present
subject matter. With reference to FIG. 5, a method 500 of
determining transmission delay 1n a communications system
1s provided. At step 510, the method may include receiving
satellite positioning information for a mobile device. At step
520, E-CID positioning mformation may be received for the
mobile device. In some embodiments, the received E-CID
positioning information may include timing advance infor-
mation ol an uplink signal transmitted from the mobile
device or timing advance information of a downlink signal
received by the mobile device. In other embodiments, the
E-CID positioning measurements may 1include timing
advance type 1 or timing advance type 2. In yet another
embodiment, step 520 may include invoking an E-CID
positioning procedure ifrom the UP or from the CoP.

A location of the mobile device may then be determined
at step 330 as a function of the received satellite positioning
information. At step 340, transmission delay between a node
serving the mobile device and an antenna serving the mobile
device may be determined as a function of the received
E-CID positioning imnformation and the determined location
of the mobile device. In an alternative embodiment, step 540
may include determining cable delay and/or radio frequency
component delay. In one embodiment, the serving node 1s an
cNodeB. In a further embodiment, the method may include
the step of determiming propagation delay between the
serving antenna and the mobile device as a function of the
determined mobile device location and location of the
serving antenna, where the determined transmission delay 1s
a function of the determined propagation delay. In such a
method, the determined propagation delay may be a function
of a transmission path from the mobile device to the serving
antenna or from the serving antenna to the mobile device. In
additional embodiments, the method may include the step of
iteratively repeating step 530 and averaging the determined
locations over the several iterations. In an alternative
embodiment, the method may include the step of determin-
ing a location of one or more other mobile devices using
respective received satellite information, whereby step 540
would include determining transmission delay as a function
ol the determined locations of the one or more other mobile
devices to minimize bias from any single location determi-
nation.

FIG. 6 1s a diagram of another embodiment of the present
subject matter. With reference to FIG. 6, a method 600 of
determining transmission delay in a communications net-
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work having a plurality of nodes 1s provided. The method
may 1nclude receiving satellite positioning information for a
mobile device, the received satellite positioning information
including SFN information at step 610 and receiving
OTDOA measurements for a mobile device from one or
more of the plural nodes at step 620. In one embodiment,
step 610 includes requesting the mobile device to report a
GPS to network time relationship. In another embodiment,
the OTDOA measurements may include SFN 1nitialization
time.

A location of the mobile device may be determined as a
function of the received satellite positioning information at
step 630. At step 640, a GPS time estimate may be deter-
mined as a function of the determined location of the mobile
device. At step 650, transmission delay between a node
serving the mobile device and an antenna serving the mobile
device may be determined as a function of the received
OTDOA measurements and determined GPS time estimate.
In one embodiment, the serving node 1s an eNodeB. In a
turther embodiment, the method may include the step of
determining propagation delay between the serving antenna
and the mobile device as a function of the determined mobile
device location and location of the serving antenna, where
the determined transmission delay 1s a function of the
determined propagation delay. In such a method, the deter-
mined propagation delay may be a function of a transmis-
sion path from the mobile device to the serving antenna or
from the serving antenna to the mobile device. In additional
embodiments, the method may include the step of iteratively
repeating step 630 and averaging the determined locations
over the several iterations. In an alternative embodiment,
step 650 may 1nclude determining cable delay and/or radio
frequency component delay. In an alternative embodiment,
the method may 1nclude the step of determining a location
of one or more other mobile devices using respective
received satellite information, whereby step 650 would
include determiming transmission delay as a function of the
determined locations of the one or more other mobile
devices to minimize bias from any single location determi-
nation.

While the discussion above has referenced certain exem-
plary networks such as UMTS networks, the disclosure
herein should not be so limited. For example, the principles
discussed herein are equally applicable to other networks
such as, but not limited to, a TDMA network, CDMA
network, a WiMax network, a WiF1 network, networks
utilizing EDVO, a CDMAZ2000 network, and 1xRTT stan-
dards or another equivalent networks or other networks that
may 1nclude a system clock or equivalent. Such exemplary
system clocks may thus be utilized by embodiments of the
present subject matter to determine timing relationships
relevant herein.

The present disclosure may be implemented by a general
purpose computer programmed in accordance with the prin-
cipals discussed herein. It may be emphasized that the
above-described embodiments, particularly any “preferred”
or exemplary embodiments, are merely possible examples of
implementations, merely set forth for a clear understanding
of the principles of the present subject matter. Many varia-
tions and modifications may be made to the above-described
embodiments of the present subject matter without departing
substantially from the spirit and principles of the present
subject matter. All such modifications and vanations are
intended to be included hereimn within the scope of this
present subject matter.

Embodiments of the subject matter and the functional
operations described herein may be implemented 1n digital
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clectronic circuitry, or in computer soitware, firmware, or
hardware, including the structures disclosed 1n this specifi-
cation and their structural equivalents, or in combinations of
one or more of them. Embodiments of the subject matter
described herein may be implemented as one or more
computer program products, 1.e., one or more modules of
computer program instructions encoded on a tangible pro-
gram carrier for execution by, or to control the operation of,
data processing apparatus. The tangible program carrier may
be a computer readable medium. The computer readable
medium may be a machine-readable storage device, a
machine-readable storage substrate, a memory device, or a
combination of one or more of them.

The term “processor” encompasses all apparatus, devices,
and machines for processing data, including by way of
example a programmable processor, a computer, or multiple
processors or computers. The processor may include, in
addition to hardware, code that creates an execution envi-
ronment for the computer program in question, €.g., code
that constitutes processor firmware, a protocol stack, a
database management system, an operating system, or a
combination ol one or more of them.

A computer program (also known as a program, software,
software application, script, or code) may be written 1n any
form of programming language, including compiled or
interpreted languages, or declarative or procedural lan-
guages, and 1t may be deployed 1n any form, including as a
standalone program or as a module, component, subroutine,
or other unit suitable for use in a computing environment. A
computer program does not necessarily correspond to a file
in a file system. A program may be stored in a portion of a
file that holds other programs or data (e.g., one or more
scripts stored 1 a markup language document), in a single
file dedicated to the program in question, or in multiple
coordinated files (e.g., files that store one or more modules,
sub programs, or portions of code). A computer program
may be deployed to be executed on one computer or on
multiple computers that are located at one site or distributed
across multiple sites and interconnected by a communication
network.

The processes and logic flows described herein may be
performed by one or more programmable processors execut-
Ing one or more computer programs to perform functions by
operating on input data and generating output. The processes
and logic flows may also be performed by, and apparatus
may also be implemented as, special purpose logic circuitry,
¢.g., an FPGA (field programmable gate array) or an ASIC
(application specific integrated circuit).

Processors suitable for the execution of a computer pro-
gram include, by way of example, both general and special
purpose microprocessors, and any one or more processors of
any kind of digital computer. Generally, a processor will
receive instructions and data from a read only memory or a
random access memory or both. The essential elements of a
computer are a processor for performing instructions and
one or more data memory devices for storing instructions
and data. Generally, a computer will also include, or be
operatively coupled to receive data from or transier data to,
or both, one or more mass storage devices for storing data,
¢.g., magnetic, magneto optical disks, or optical disks.
However, a computer need not have such devices. Moreover,
a computer may be embedded in another device, e.g., a
mobile telephone, a personal digital assistant (PDA), a
mobile audio or video player, a game console, a Global
Positioning System (GPS) receiver, to name just a few.

Computer readable media suitable for storing computer
program 1nstructions and data include all forms data
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memory 1ncluding nonvolatile memory, media and memory
devices, including by way of example semiconductor
memory devices, e.g., EPROM, EFEPROM, and flash
memory devices; magnetic disks, e.g., internal hard disks or
removable disks; magneto optical disks; and CD-ROM and
DVD-ROM disks. The processor and the memory may be
supplemented by, or incorporated 1n, special purpose logic
circuitry.

To provide for interaction with a user, embodiments of the
subject matter described herein may be implemented on a
computer having a display device, e.g., a CRT (cathode ray
tube) or LCD (liquid crystal display) monaitor, for displaying,
information to the user and a keyboard and a pointing
device, e.g., a mouse or a trackball, by which the user may
provide mput to the computer. Other kinds of devices may
be used to provide for interaction with a user as well; for
example, input from the user may be received in any form,
including acoustic, speech, or tactile iput.

Embodiments of the subject matter described herein may
be implemented 1n a computing system that includes a back
end component, e.g., as a data server, or that includes a
middleware component, e.g., an application server, or that
includes a front end component, e.g., a client computer
having a graphical user interface or a Web browser through
which a user may interact with an implementation of the
subject matter described herein, or any combination of one
or more such back end, middleware, or front end compo-
nents. The components of the system may be iterconnected
by any form or medium of digital data communication, e.g.,
a communication network. Examples ol communication
networks 1nclude a local area network (“LAN”) and a wide
area network (“WAN™), e.g., the Internet.

The computing system may include clients and servers. A
client and server are generally remote from each other and
typically interact through a communication network. The
relationship of client and server arises by virtue of computer
programs running on the respective computers and having a
client-server relationship to each other.

While this description may contain many specifics, these
should not be construed as limitations on the scope thereof,
but rather as descriptions of features that may be specific to
particular embodiments. Certain features that have been
heretotore described in the context of separate embodiments
may also be implemented 1n combination 1n a single
embodiment. Conversely, various features that are described
in the context of a single embodiment may also be 1mple-
mented 1in multiple embodiments separately or 1n any suit-
able subcombination. Moreover, although features may be
described above as acting 1n certain combinations and may
even be mitially claimed as such, one or more features from
a claimed combination may 1n some cases be excised from
the combination, and the claimed combination may be
directed to a subcombination or variation of a subcombina-
tion.

Similarly, while operations are depicted 1n the drawings or
figures 1n a particular order, this should not be understood as
requiring that such operations be performed 1n the particular
order shown or in sequential order, or that all illustrated
operations be performed, to achieve desirable results. In
certain circumstances, multitasking and parallel processing
may be advantageous. Moreover, the separation of various
system components in the embodiments described above
should not be understood as requiring such separation 1n all
embodiments, and 1t should be understood that the described
program components and systems may generally be inte-
grated together 1n a single software product or packaged into
multiple software products.

10

15

20

25

30

35

40

45

50

55

60

65

14

The present subject matter may thus provide a method and
system for determining the delay in the transmission path to
allow for appropriate deployments of an exemplary OTDOA
system.

As shown by the various configurations and embodiments
illustrated in FIGS. 1-6, various embodiments for autono-
mous transmit chain delay measurements have been
described.

While preferred embodiments of the present subject mat-
ter have been described, it 1s to be understood that the
embodiments described are illustrative only and that the
scope ol the invention 1s to be defined solely by the
appended claims when accorded a tull range of equivalence,
many variations and modifications naturally occurring to
those of skill in the art from a perusal hereof.

We claim:

1. A method of determining transmission delay in a
communications network having a plurality of nodes com-
prising the steps of:

(a) receiving satellite positioming information for a mobile
device, the received satellite positioning information
including System Frame Number (SFN) information;

(b) receiving observed time difference of arrival (OT-
DOA) measurements for a mobile device from one or
more of the plural nodes;

(¢) determinming a location of the mobile device as a
function of the received satellite positioning informa-
tion;

(d) determining a Global Positioning System (GPS) time
estimate as a function of the determined location of the
mobile device; and

(¢) determiming transmission delay between a node serv-
ing the mobile device and an antenna serving the
mobile device as a function of the received OTDOA
measurements and determined GPS time estimate.

2. The method of claim 1 wherein the step of receiving
satellite positioming information further comprises request-
ing the mobile device to report a GPS to network time
relationship.

3. The method of claim 1 wherein the serving node 1s an
cNodeB.

4. The method of claim 1 wherein the OTDOA measure-
ments mclude SFN 1nitialization time.

5. The method of claim 1 further comprising the step of
determining propagation delay between the serving antenna
and the mobile device as a function of the determined mobile
device location and location of the serving antenna, wherein
the determined transmission delay 1s a function of the
determined propagation delay.

6. The method of claim 5 wherein the determined propa-
gation delay 1s a function of a transmission path from the
mobile device to the serving antenna or from the serving
antenna to the mobile device.

7. The method of claim 1 wherein the step of determining,
transmission delay further comprises determining cable
delay and/or radio frequency component delay.

8. The method of claim 1 further comprising the step of
iteratively repeating step (¢) and averaging the determined
locations over the iteration.

9. The method of claim 1 further comprising the step of
determining a location of one or more other mobile devices
using respective recerved satellite information, wherein the
step of determining transmission delay comprises determin-
ing transmission delay as a function of the determined
locations of the one or more other mobile devices to mini-
mize bias.
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10. The method of claim 1 wherein the serving node is a
baseband processing unit.
11. The method of claim 10 whervein a radio frequency
fromt end is positioned between the baseband processing unit
and the serving antenna.
12. The method of claim 11 wherein the step of determin-
ing transmission delay further comprises determining cable
delay or radio frequency component delay.
13. The method of claim 11 wherein the step of determin-
ing transmission delay further comprises determining cable
delay and radio frequency component delay.
14. A communication system, comprising.
a plurality of nodes configured to provide wireless service to
one or more mobile devices;
one orv movre processors coupled to a memory, wherein the
one or more processors are configured to:
receive satellite positioning information for a mobile
device, the received satellite positioning information
including System Frame Number (SFN) information,

receive observed time difference of arrival (OTDOA)
measurements for the mobile device from one or more
of the plural nodes;

determine a location of the mobile device as a function of

the received satellite positioning information;

determine a Global Positioning System (GPS) time esti-
mate as a function of the determined location of the
mobile device; and

determine transmission delay between a node of the

plurality of nodes serving the mobile device and an
antenna serving the mobile device as a function of the
received OTDOA measurements and determined GPS
lime estimate.

15. The communication system of claim 14, wherein the
one or¥ move processors are further configured to request the
mobile device to report a GPS to network time relationship.

16. The communication system of claim 14, wherein the
serving node is an eNodeB.

17. The communication system of claim 14, wherein the
OTDOA measurements include SFN initialization time.

18. The communication system of claim 17, wherein the
one ov more processors are further configured to determine
propagation delay between the serving antenna and the
mobile device as a function of the determined mobile device
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location and location of the serving antenna, wherein the
determined transmission delay is a function of the deter-
mined propagation delay.

19. The communication system of claim 18, wherein the
determined propagation delay is a function of a transmission
path from the mobile device to the serving antenna or from
the serving antenna to the mobile device.

20. The communication system of claim 14, wherein the
one or more processors are configured to determine trans-
mission delay between the node serving the mobile device
and the antenna serving the mobile device by determining
cable delay and/ov radio frequency component delay.

21. The communication system of claim 14, wherein the
one orv more processors are further configured to iteratively
repeat determining a location of the mobile device as a
function of the received satellite positioning information and
average the determined locations over the iteration.

22. The communication system of claim 14, wherein the
one or more processors are configured to determine a
location of one or more other mobile devices using respec-
tive received satellite information;

wherein the one ov more processors arve configured to

determine transmission delay between the node serving
the mobile device and the antenna serving the mobile
device by determining transmission delay as a function
of the determined locations of the one ov more other
mobile devices to minimize bias.

23. The communication system of claim 14, wherein the
serving node is a baseband processing unit.

24. The communication system of claim 23, wherein a
radio frequency front end is positioned between the base-
band processing unit and the serving antenna.

25. The communication system of claim 24, wherein the
one or more processors arve configured to determine trans-
mission delay between the node serving the mobile device
and the antenna serving the mobile device by determining
cable delay or radio frequency component delay.

26. The communication system of claim 24, wherein the
one or more processors are configured to determine trans-
mission delay between the node serving the mobile device
and the antenna serving the mobile device by determining
cable delay and radio frequency component delay.
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