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Neighbor cell hearabllity can be improved by including an additional reference signal that can be detected at a low sensitivity and a
low signhal-to-noise ratio, by Introducing non-unity frequency reuse for the signals used for a time difference of arrival (TDOA)
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(57) Abrege(suite)/Abstract(continued):

measurement, e.g., orthogonality of signals transmitted from the serving cell sites and the various neighbor cell sites. The new
reference signal, called the TDOA-RS, Is proposed to improve the hearability of neighbor cells in a cellular network that deploys
3GPP EUTRAN (LTE) system, and the TDOA-RS can be transmitted Iin any resource blocks (RB) for POSCH and/or MBSFN
subframe, regardless of whether the latter Is on a carrier supporting both PMCH and POSCH or not. Besides the additional TDOA-
RS reference signal, an additional synchronization signal (TDOA-sync) may also be included to improve the hearability of neighbor
cells.
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tivity and a low signal-to-noise ratio, by introducing non-unity fre-
quency reuse for the signals used for a time difference of arrival
(TDOA) measurement, ¢.g., orthogonality of signals transmitted from
the serving cell sites and the various neighbor cell sites. The new ret-
erence signal, called the TDOA-RS, 1s proposed to improve the hear-
ability of neighbor cells in a cellular network that deploys 3GPP EU-
TRAN (LTE) system, and the TDOA-RS can be transmitted in any
resource blocks (RB) for POSCH and/or MBSFN subframe, regard-
less of whether the latter 1s on a carrier supporting both PMCH and
POSCH or not. Besides the additional TDOA-RS reference signal, an
additional synchronization signal (TDOA-sync) may also be included
to improve the hearability of neighbor cells.
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METHOD AND SYSTEM FOR USER EQUIPMENT
LOCATION DETERMINATION ON A WIRELESS
TRANSMISSION SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application 1s related to Provisional Patent Applications Serial Nos.
61/150,137 filed on February 5, 2009, 61/168,087 filed on April 9, 2009, and 61/174,333
filed on April 30, 2009, and priority i1s claimed for these earlier filings under 35 U.S.C. §
119(e). These Provisional Patent Applications are incorporated by reference into this utility
patent application.

TECHNICAL FIELD OF THE INVENTION

[0002] This application relates to wireless communication techniques in general,
and to determining position of user equipment using positioning reference signals in
particular.

BACKGROUND OF THE INVENTION

[0003] There i1s an increasing demand on mobile wireless operators to provide
voice and high-speed data services, and at the same time, mobile network operators wish to
support more users per basestation to reduce overall network costs and make services more
affordable to subscribers. As a result, wireless systems that enable higher data rates and
higher capacities to the user equipment are needed. The available spectrum for wireless
services 1s limited, however, and the prior attempts to increase traffic within a fixed
bandwidth have increased interference in the system and degraded signal quality.

[0004] Various schemes have been implemented on orthogonal frequency
domain multiple access (OFDMA) systems to increase system pertormance. Technologies
like multiple input multiple output (MIMO), orthogonal frequency di?ision multiplexing
(OFDM), and advanced error control codes enhance per-link throughput, but these
technologies do not solve all problems encountered in the communication network.

[0005] Wireless communications networks are typically divided into cells, with
each of the cells further divided into cell sectors. A base station transceiver unit 1s provided
in each cell to enable wireless communications with mobile stations located within the cell
site location. Reference signals are transmitted from cell site base station transceivers on

the cell site where the user equipment i1s located (eNodeB or serving cell sites), as well as
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being transmitted from base station transceivers on various neighbor cell sites (neighbor
cell sites) located around the serving cell site.

[0006] Reference signals are used by user equipment on an Orthogonal
Frequency-Division Multiple Access (OFDMA) system, such as a 3GPP and LTE mobile
wireless communication systems, to assist in establishing the location of user equipment on
the mobile wireless communication system. In one form of location analysis, the user
equipment uses the reference signals received from the serving and neighboring cell sites to
determine the user equipment location to determine a time difference of arrival between
reference signals transmitted from the serving cell site and the neighbor cell sites. By
calculating a time difference of arrival for the reference signals, the user equipment or other
components on the network can pertorm a triangulation calculation to accurately determine
the location of the user equipment on the network. That location information is used to
adjust the power of transmission signals to and from the user equipment so as to reduce
interference with other signals on the network and improve the overall accuracy of the
signal transmissions to and from the user equipment.

[0007] Neighbor cell hearability 1s the ability of the user equipment to detect, or
“hear,” reference signals from neighbor cell sites. Reference signals from the serving cell
sites and neighboring cell sites, however, must be accurately detected, or “heard,” by user
equipment in order to be used in the location analysis. One problem encountered in
neighbor cell hearability arises when user equipment 1s located near to the center of the
serving cell site such that reference signals from neighbor cell sites are too weak for proper
detection by the user equipment. In this situation, the reference signals from neighbor cell
sites 1s too weak for the user equipment to accurately estimate the time difference of arrivals
between the reference signal from the serving and various neighbor cell sites, which hinders
the triangulation location analysis conducted by the user equipment.

[0008] Known prior art systems and proposals do not adequately address the
neighbor cell hearability problem that arises when user equipment is located near to the
center of the serving cell site, and these known systems and proposals include the following:
(1) 3GPP TS 36.133 v8.4.0, “E-UTRA Requirements for support of radio resource
management,” (2) 3GPP TS 36.214 v8.5.0, 'E-UTRA; Physical layer measurements', Dec
2008, (3) 3GPP TS 36.211 v8.5.0, 'E-UTRA: Physical channels and modulation', Dec 2008,
(4) R1-090053, 'Improving the hearability of LTE Positioning Service', Alcatel-Lucent,
RAN155bis, Ljubljana, Slovenia, Jan 2009, [1] (5) R1-090321, 'Positioning Support for

LTE Rel-9 --- RANI1 Specific Issues', Motorola, RAN155bis, Ljubljana, Slovenia, Jan 2009,
2D
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[2] and (6) R1-090353, 'On OTDOA in LTE', Qualcomm Europe, RAN1-55bis, Ljubljana,
Slovenia, Jan 2009 [3].

[0009] In reference (4) and (6) identified above, different additional reference
signal patterns are proposed, but both these proposals do not provide a workable or
improved solution for the neighbor cell hearability problem when user equipment is located
near the serving cell site.

[0010] In reference proposal (4) identified above, one resource block (RB) for
transmitting a new reference signal RS pattern, called the LCS-RS, must be scheduled.
However, the joint scheduling of the resource block RB for transmitting the reference signal
(LCS-RS) requires coordination between various neighbor cell sites which 1s not currently
supported by network communication systems. Further, reference proposal (4) above
requires the cell sites to be synchronous, the new reference signal LCS-RS pattern has a
different structure as compared to the cell-specific reference signal RS, called the CRS that
is defined in the current specification. Lastly, collisions between clusters of neighbor cells
may still arise unless coordination is done extensively over a larger cluster of the network.
In order to implement this proposal identified by reference (4) above, a new type of
reference signal is required that is not recognized by the current network systems and large
scale synchronous coordination of system components would need to be coordinated. This
proposal, therefore, requires changes to the existing system that are too extensive to be
workable or practical.

[0011] With respect to the reference proposal (6) identified above, the proposed
reference signal (E-IRDL RS) follows a very different structure as compared to that of the
cell-specific reference signal (CRS) in the existing standard, which requires the introduction
of new, and complex, technology in the receivers. In order to implement this proposal
1dentified by reference (6) above, a new type of reference signal 1s required that is not
recognized by the current network systems and the implementation of new technology in
receivers would be required. This proposal, therefore, also requires changes to the existing
system that are too extensive to be workable or practical.

[0012] Simulations were also conducted on the reference proposals (4), (5) and
(6) identified above in a multi-cell, multi-sector deployment scenario, with user equipment
simulated to be located with uniform randomness in the serving cell site. 3GPP simulation
results for Cases 1 and 3 are shown below with an FDD intra-frequency measurement
sensitivity requirement 1s set to be SGH_RP ~ 126 dBm as defined in 3GPP TS 36.133

v8.4.0, “E-UTRA Requirements for support of radio resource management.”
-3 -
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Figure 1: C/I distributions of 6 best sites detected by a uniformly-dropped UE (Reuse Factor = 1).

[0013]
time, and/or code domain, but no specific reuse mechanism has been assumed. The

simulations did, however, assume reuse factors of 1, 3 and 6. The Gi/ distributions of best
1-3. The geometry (Gil) distribution of the signal from the serving cell is also plotted for

N neighbor cell signals as observed by each UE are captured and plotted as shown in Figs.

WO 2010/090776
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The cell hearability requirement defined in 3GPP TS 36.133 v8.4.0, “E-UTRA
Requirements for support of radio resource management” 1s SCH E =~ -6 dB. In the
present simulation study, hearability C/I requirements are assumed to be -6, -8 or -10 dB.

The distribution of the number of neighbor cells with detectable signal are plotted as shown

in Figs. 4-6.
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Form the simulation data taken, the applicants observed the following:
* For a Reuse Factor of 1, the probability that a UE can detect 3 or more sites is less
than 20%, even when ISO = 500m (Case 1) the hearability CII threshold 1s as low
as -10 dB;

 For a Reuse Factor of 3:
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* In Case 1, UE can detect 3 or more sites with probability of about 69%
when CII threshold is -6 dB, 77% at -8 dB, and 85% at -10 dB;
 In Case 3, UE can detect 3 or more sites with probability of about 48%
when C/I threshold 1s -6 dB, 62% at -8 dB, and 73% at -10 dB;

» For a Reuse Factor of 6:

* In Case 1, UE can detect 3 or more sites with probability of about 98%
when CI] threshold 1s -6 dB; and,

* In Case 3, UE can detect 3 or more sites with probability of about 77%
when C/I threshold 1s -6 dB, 86% at -8 dB, and 92% at -10 dB.

[0014] Improving the accuracy in the calculation of the time difference of the
serving cell site reference signal and the neighboring cell site will result in an improvement
in the accuracy of the location determinations, which will result in enhanc‘ed system
performance and a reduction of lost data and control signals to and from the user equipment.
Increasing the accuracy of the triangulation calculation without requiring extensive system
changes or requiring wholesale changes to the reterence band or reference signals is needed.
Put another way, an improvement in the accuracy of the user equipment positioning analysis
when the user equipment is located near the serving cell site 1s needed, where the
improvement attempts to work within the constraints of the existing deployed 3GPP and
LTE system and without requiring extensive system changes or new hardware deployment.
Based on simulation analysis and comparative studies done on the existing systems and
proposals, there is a need to improve the positioning-assisting reference signals so more
accurate user equipment positioning can be achieved.

[0015] The various components on the system may be called different names
depending on the nomenclature used on any particular network configuration or
communication system. For instance, “user equipment” encompasses PC’s on a cabled
network, as well as other types of equipment coupled by wireless connectivity directly to
the cellular network as can be experienced by various makes and models of mobile
terminals (“cell phones’) having various features and functionality, such as Internet access,
e-mail, messaging services, and the like.

[0016] Further, the words "receiver" and "transmitter" may be referred to as

' "

"access point" (AP), "basestation,” and "user" depending on which direction the
communication is being transmitted and received. For example, an access point AP or a
basestaion (eNodeB or eNB) is the transmitter and a user is the receiver for downlink

environments, whereas an access point AP or a basestaion (eNodeB or eNB) 1s the receiver
-6 -
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and a user 1s the transmitter for uplink environments. These terms (such as transmitter or
receiver) are not meant to be restrictively defined, but could include various mobile
communication units or transmission devices located on the network.
SUMMARY OF THE INVENTION

[0017] Neighbor cell hearability can be improved by including an additional
reference signal that can be detected at a low sensitivity and a low signal-to-noise ratio, by
introducing non-unity frequency reuse for the signals used for a time difference of arrival
(TDOA) measurement, e.g., orthogonality of signals transmitted from the serving cell sites
and the various neighbor cell sites. The new reference signal, called the TDOA-RS, is
proposed to improve the hearability of neighbor cells in a cellular network that deploys
3GPP EUTRAN (LTE) system, and the TDOA-RS can be transmitted in any resource
blocks (RB) for POSCH and/or MBSFN subframe, regardless of whether the latter is on a
carrier supporting both PMCH and POSCH or not.

[0018] Besides the additional TDOA-RS reference signal, an additional
synchronization signal (TDOA-sync) may also be included to improve the hearability of
neighbor cells. This modified or new TOOA-sync signal can be transmitted in the OFDM
symbols sharing the same resource blocks RBs as the synchronization channel. To increase
the orthogonality, different cell sites may use different OFOM symbols to transmit this
TDOA-sync signal.

[0019] The synchromization signals can also be extended (TDOA-sync) to
maintain orthogonality between cell sites, with orthogonal or low correlation property
through the primary and secondary synchronization signals as defined in Release-8
standards, 3GPP TS 36.211v8.5.0. The resource blocks (RB) carrying these additional
signals can be transmitted by hopping through different frequency resources between
subsequent transmission instances. Alternatively, they can also hop within the resource
blocks used for synchronization signals, 1.e., when they are transmitted in the same resource
blocks RBs as the synchronization channel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Embodiments of the present application will now be described, by way of
example only, with reference to the accompanying drawing figures, wherein:

[0021] FIG. 1-6 are charts showing performance characteristics based on
simulation results.

[0022] FIG. 7-8 are schematics diagrams of block assignments in a transmission

signal;
-7 -
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[0023] FIG. 9 through 11 are network component diagrams for components on
the communications network.

[0024] Like reference numerals are used in different figures to denote similar
elements.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0025] Referring to FIG. 8, the block diagram shows a base station controller
(BSC) 10 which controls wireless communications within multiple cells 12, which cells are
served by corresponding basestations (BS) 14. In some configurations, each cell is further
divided into multiple sectors 13 or zones. In general, each base station 14 facilitates
communications using OFDM with mobile and/or wireless terminals 16, which are within
the cell 12 associated with the corresponding base station 14. The movement of the mobile
terminals 16 in relation to the base stations 14 results in significant fluctuation in channel
conditions.

[0026] As illustrated, the base stations 14 and mobile terminals 16 may include
multiple antennas to provide spatial diversity for communications. In some configurations,
relay stations 15 may assist in communications between base stations 14 and wireless
terminals 16. Wireless terminals 16 can be handed from any cell 12, sector 13 zone, base
station 14 or relay 15 to another cell 12, sector 13 zone, base station 14 or relay 15. In some
configurations, base stations 14 communicate with each and with another network (such as
a core network or the internet) over a backhaul network 11.

[0027] The hearability problem solved by the present invention occurs when the
mobile terminal MS 16 is located in close proximity to the basestation transceiver unit BS
14. Without the use the present invention, the mobile terminal MS 16 would encounter
problems with its triangulation analysis, which would lead to problems with providing
accurate location or proximity data to the system. The invention solves this hearability
problem by using a reference signal (TDOA-RS) and an additional reference
synchronization signal (TDOA-sync). Neighbor cell hearability can be improved by
including an additional reference signal that can be detected at a low sensitivity and a low
signal-to-noise ratio, by introducing non-unity frequency reuse for the signals used for a
time difference of arrival (TDOA) measurement, e€.g., orthogonality of signals transmitted
from the serving cell sites and the various neighbor cell sites. The new reference signal,
called the TDOA-RS, 1s proposed to improve the hearability of neighbor cells in a cellular
network that deploys 3GPP EUTRAN (LLTE) system, and the TDOA-RS can be transmitted
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in any resource blocks (RB) for POSCH and/or MBSFN subframe, regardless of whether
the latter is on a carrier supporting both PMCH and POSCH or not.

[0028] An additional synchronization signal (TDOA-sync) may also be included
to improve the hearability of neighbor cells. This TOOA-sync signal can be transmitted in
the OFDM symbols sharing the same resource blocks RBs as the synchronization channel.
To increase the orthogonality, different cell sites may use different OFOM symbols to
transmit this TDOA-sync signal. The synchronization signals can also be extended (TDOA.-
sync) to maintain orthogonality between cell sites, with orthogonal or low correlation
property through the primary and secondary synchronization signals as defined in Release-8
standards, 3GPP TS 36.211v8.5.0. The resource blocks (RB) carrying these additional
signals can be transmitted by hopping through different frequency resources between
subsequent transmission instances. Alternatively, they can also hop within the resource
blocks used for synchronization signals, 1.e., when they are transmitted 1n the same resource
blocks RBs as the synchronization channel.

[0029] With reference to FIG. 9, an example of a base station 14 is 1illustrated.
The base station 14 generally includes a control system 20, a baseband processor 22,
transmit circuitry 24, receive circuitry 26, multiple antennas 28, and a network interface 30.
The receive circuitry 26 receives radio frequency signals bearing information from one or
more remote transmitters provided by mobile terminals 16 (illustrated 1n FIG. 3) and relay
stations 15 (illustrated in FIG. 4). In addition to the components shown in Figure 9, a low
noise amplifier and a filter may cooperate to amplify and remove broadband interference
from the signal for processing. Further, downconversion and digitization circuitry will then
downconvert the filtered, received signal to an intermediate or baseband frequency signal,
which is then digitized into one or more digital streams.

(0030} The baseband processor 22 processes the digitized received signal to
extract the information or data bits conveyed in the received signal. This processing
typically comprises demodulation, decoding, and error correction operations. As such, the
baseband processor 22 is generally implemented in one or more digital signal processors
(DSPs) or application-specific integrated circuits (ASICs). The received information is then
sent across a wireless network via the network interface 30 or transmitted to another mobile
terminal 16 serviced by the base station 14, either directly or with the assistance of a relay
15.

[0031] On the transmit side, the baseband processor 22 receives digitized data,

which may represent voice, data, or control information, from the network interface 30
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under the control of control system 20, and encodes the data for transmission. The encoded

data is output to the transmit circuitry 24, where it 1s modulated by one or more carrier
signals having a desired transmit frequency or frequencies. A power .ampliﬁer may also be
used will amplify the modulated carrier signals to a level appropriate for transmission, and
deliver the modulated carrier signals to the antennas 28 through a matching network (not
shown). Modulation and processing details are described in greater detail below.

[0032] With reference to FIG. 10, an example of a user equipment or mobile
terminal 16 is illustrated. Similar to the base station 14, the mobile terminal 16 will include
a control system 32, a baseband processor 34, transmit circuitry 36, receive circuitry 38,
multiple antennas 40, and user interface circuitry 42. The receive circuitry 38 receives radio
frequency signals bearing information from one or more base stations 14 and relays 15. A
low noise amplifier and a filter may cooperate to amplify and remove broadband
interference from the signal for processing. Downconversion and digitization circuitry will
then downconvert the filtered, received signal to an intermediate or baseband frequency
signal, which is then digitized into one or more digital streams.

[0033] The baseband processor 34 processes the digitized received signal to
extract the information or data bits conveyed in the received signal. This processing
typically comprises demodulation, decoding, and error correction operations. The baseband
processor 34 is generally implemented in one or more digital signal processors (DSPs) and
application specific integrated circuits (ASICs).

[0034] For transmission, the baseband processor 34 receives digitized data,
which may represent voice, video, data, or control information, from the control system 32,
which it encodes for transmission. The encoded data 1s output to the transmit circuitry 36,
where it i1s used by a modulator to modulate one or more signals that is at a desired transmit
frequency or frequencies. A power amplifier can also be used to amplify the modulated
carrier signals to a level appropriate for transmission, and deliver the modulated carrier
signal to the antennas 40 through a matching network.

[0035] Various modulation and processing techniques available to those skilled
in the art are used for signal transmission between the mobile terminal and the base station,
either directly or via the relay station. In OFDM modulation, the transmission band 1s
divided into multiple, orthogonal carrier waves. Each carrier wave 1s modulated according
to the digital data to be transmitted. Because OFDM divides the transmission band into

multiple carriers, the bandwidth per carmer decreases and the modulation time per carrier
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increases. Since the multiple carriers are transmitted in parallel, the transmission rate for
the digital data, or symbols, on any given carrier is lower than when a single carrer is
used.

[0036] Reference signals are used by user equipment, such as mobile terminal
MS 16, on an Orthogonal Frequency-Division Multiple Access (OFDMA) system, such as a
3GPP and LTE mobile wireless communication systems, to assist in establishing the
location of user equipment on the mobile wireless communication system. As shown in
Figure 10 and using one form of location analysis, the user equipment MS 16A uses the
reference signals received from the serving cell site controller BS 14A and neighboring cell
sites BS 14B and/or 14C to determine the user equipment location based on a time
difference of arrival analysis using the time difference reference signals transmitted from
the serving cell site BS 14A and the neighbor cell sites BS 14B and/or 14C.

[0037] By calculating a time difference of arrival for the reference signals, the
user equipment MS 16A or other components on the network can perform a triangulation
calculation to accurately determine the location of the user equipment MS 16A on the
network. That location information is used to adjust the power of transmission signals to
and from the user equipment MS 16A so as to reduce interference with other signals on the
network and improve the overall accuracy of the signal transmissions to and from the user
equipment.

[0038] Neighbor cell hearability is the ability of the user equipment to detect, or
“hear,” reference signals from neighbor cell sites BS 14B or 14C. Reference signals from
the serving cell sites BS 14A and neighboring cell sites BS 14B or 14C, however, must be
accurately detected, or “heard,” by user equipment MS 16A 1n order to be used in the
location analysis. One problem encountered in neighbor cell hearability arises when user
equipment MS 16A is located near to the center of the serving cell site controller BS 14A
such that reference signals from neighbor cell sites BS 14B or 14C are too weak for proper
detection by the user equipment. In this situation, the reference signals from neighbor cell
sites BS 14B and 14C 1s too weak for the user equipment to accurately estimate the time
difference of arrivals between the reference signal from the serving BS 14A and various
neighbor cell sites BS 14B and/or 14C, which hinders the triangulation location analysis
conducted by the user equipment MS 16A.

[0039]  Neighbor cell hearability can be improved by including an additional
reference signal that can be detected by user equipment MS 16A at a low sensitivity and a

low signal-to-noise ratio, by introducing non-unity frequency reuse for the signals used for a
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time difference of arrival (TDOA) measurement, e.g., orthogonality of signals transmitted

from the serving cell sites and the various neighbor cell sites. The new reference signal,
called the TDOA-RS, 1s proposed to improve the hearability of neighbor cells BS 14B and
14C in a cellular network that deploys 3GPP EUTRAN (LTE) system, and the TDOA-RS
can be transmitted in any resource blocks (RB) for POSCH and/or MBSFN subframe,
regardless of whether the latter is on a carrier supporting both PMCH and POSCH or not.

[0040] Besides the additional TDOA-RS reference signal, an additional
synchronization signal (TOOA-sync) may also be included to improve the hearability of
transmissions from neighbor cells sites BS 14B and 14c. Primary or secondary
synchronization signals can be covered or scrambled by a cell-specific orthogonal code such
as a Walsh code or other codes with low cross-correlation property. If Walsh code is used,
all 1's codewords are reserved in the normal primary or secondary signal. The scrambling 1s
performed on the synchronization sequence before mapping to the resource elements for
10FT processing. Other sequences with orthogonal or low cross-correlation property with
the primary or secondary synchronization signals can also be used.

[0041] This new TOOA-sync signal can be transmitted in the OFOM symbols
sharing the same RBs as the synchronization channel. To increase the orthogonality,
different cell sites may use different OFOM symbols to transmit this TOOA-sync signal.
For example, depending on the cell 10, the TOOA-sync signal can be transmitted in OFOM
symbol e =2, 3, 9, 10, 12 or 13 respectively, in the case of normal CP, Frame structure 1.
OFOM symbol e = 0, 1,4, 7 and 11 are reserved for cell-specific RS, while e = 5, 6 are
reserved for the secondary and primary sync signals respectively in subframe 5. For slot 1 in
subframe 0, the TOOA-sync signal cannot be sent in OFOM symbol e = 0, 1... 3 to avoid
collision with the broadcast channel PBCH, if it 1s sent in the same resource block RB.

[0042] The synchronization signals can also be extended (TDOA-sync) to
maintain orthogonality between cell sites, with orthogonal or low correlation property
through the primary and secondary synchronization signals. The resource blocks (RB)
carrying these additional signals can be transmitted by hopping through different frequency
resources between subsequent transmission instances. Alternatively, the TDOA-sync
signals can also hop within the resource blocks used for synchronization signals, 1.e., when
they are transmitted in the same resource blocks RBs as the synchronization channel.

[0043] For subframe #0, the TDOA-sync signals should be transmitted on the
OFDM symbols not used for broadcast channel PBCR transmissions. The group of 6

resource blocks RBs carrying the primary and secondary synchronization signals and
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TDOA-sync can also hop to different frequency locations away from the center of the

carrier, in the interval between the slots/subframes specified in the current specification T's
36.211 v8.5.0. This would also help to improve the synchronization performance for users
who may experience fading in the center of the band.

[0044] The TDOA-RS and TDOA-sync signals may also be transmitted on
MBSFN subframes on carriers with or without PDSCR support. Or, they can be scheduled
jointly by neighbor cells for transmissions in the same resource block RB as described in
other proposals. The periodicity of the subframes carrying TDOA-RS and/or TDOA-sync is
configurable, depending on the required TDOA estimation accuracy and the location
“distribution of the users (UEs or MS 16) 1n the cell site. - Similarly, the number of resource
blocks RBs carrying the TDOA-RS 1n one subframe 1s also configurable.

[0045]  Similar to Idle period downlink transmission (IPDL) in UTRAN, groups
of resource blocks RBs in a certain subframe can be reserved for exclusive transmissions by
different neighboring cell sites BS 14B or BS 14C (except for the CRS signal) or in the data
region of MBSFN subframes. The advantage for OFDMA-based EUTRAN (LTE) is that
transmissions from multiple neighbor cells BS 14B and BS 14C on these reserved resource
blocks RBs can be done simultaneously, as a form of fractional frequency reuse within the
subframe or group of subframes for TDOA measurement. These transmissions can be
power boosted, with or without additional reference signals. A fractional frequency reuse
scheme could be applied to further improve the hearing performance. For example, a
special zone can be reserved for the transmission of thé additional cell specific sequence
where different frequency reuse factors can be configured among the neighboring cells.

[0046] We can apply the similar design to relay stations to allow them to
monitor their neighboring relay stations, because relay cannot listen (detect SCH from
neighbor relay stations) while talking. In addition, the timing differences between different
base stations (eNB) in an asynchronous network can be identified through inquiry and
responses based on X2 signaling. The relative timing differences between different base
stations can be used by the network entity for location determination, e.g. LMU.

[0047] To maintain consistency with the cell-specific reference signal RS (CRS)
as defined in current Release-8 standard, an alternative structure of the additional TDOA
reference signal (TDOA-RS) for UE positioning is shown in Figure 7, for the case of
normal CP. The advantage of similarity in the structure of these TDOA-RS as compared to
CRS is that the similar receiver can be used for detecting TDOA-RS. Similar to cell-specific

RS, these TDOA-RS are also cell-specific, with the amount of shift as a function of cell 10.
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A major difference from the standard CRS signaling is that the TDOA-RS configured for
antenna ports 1, 2 or 3 can be used by antenna port 0, when there 1s only a single antenna
port. Likewise, when there are two transmit antenna ports only, TDOA-RS for antenna
ports 2 and 3 can be used for antenna ports 0 and 1 respectively. TDOA-RS that are

transmitted from different antenna ports can be either combined to increase the accuracy of

the TDOA estimation.

P vy e

cwy
‘‘‘‘‘‘‘
. -

Subcarrier index k

sk Cellspecific RS for the first Tx antenna
ﬁ Celi-specific RS for the second Tx antenna

[ \ TDOA-RS for the first Tx antenna

] TDOA-RS for the second Tx antenna, or the first
Hid | [ X antenna i thare ts only one transmit antenna

' 777] TDOA-RS for the third Tx antenna, if exist; to be used for the first Tx antenna, ¥ there are
4 only one or two transmit antenna

TDOA-RS for the fourth Tx antenna, if exist to be used for the frst or second Tx antenna,
if there are only ane or two transmit antennas respectively

Figure 7 Proposed TDOA-RS structure

[0048] The TDOA-RS can be transmitted in any resource blocks (RB) for
POSCH and/or MBSFN subframe, regardless of whether the latter 1s on a carrier supporting
both PMCH and POSCH or not. While the situation is similar for TDOA-sync signals,
there is an additional constraint that the TDOA-sync si'gnal has to be transmitted over 6
consecutive RBs 1n a subframe. The TOOA-sync signal can share the same RB as the
primary and secondary synchronization signals. Alternatively, the TOOA-RS can also be
transmitted in the RBs that are used for the synchronization channels, with some

modifications as shown in Figure 8.
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Figure 8 TDOA-RS pattern for transmission in the same resonrce blocks as the synchronization channel

[0049] To exploit frequency diversity gain and to ensure the maximum number
of UEs in the cell site can detect the TOOA-RS and TOOA-sync signals, the resource
blocks that carry these signals are allowed to hop between transmission instances of the
signals. Hopping across the entire band Frequency diversity gain can be maximized by
hopping across the entire band, according to a pre-determined cell-specific hopping
sequence. In the case of TDOA-RS, one or a few contiguous RBs carrying the TDOA-RS
can hop to different frequency resources between consecutive transmit instances.

[0050] In the case of TDOA-sync, the group of 6 contiguous RBs carrying the
TDOA-sync can hop to different frequency resources, €.g., a different group ot 6 contiguous
RBs between consecutive transmit instances. In the case of TDOA-RS that shares the same
RB as the sync channel, some frequency diversity gain can also be obtained through
hopping across those 6 RBs that carry the sync channel.

[0051] Depending on the signal sensitivity, TDOA estimation accuracy
requirement and UE location distributions in the cell site, the periodicity for transmitting the
TDOA-RS and TDOA-sync signals can be configured to transmit in each subframe for a
higher signal density, or in the same subframe as the sync signal. Either or both using

subframe 0 and 5 in each radio frame.
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[0052] In the extreme case where the reuse factor is relatively high, the whole
resource block RB may be used by one cell sites. Then the additional reference signals can
occupy the entire RB, except for the resource elements used for CRS to maintain backward
compatibility with Release-B. The reuse factor could be configured by network and be
broadcasted by a new SIB message. If FFR is configured, the transmission region for each
cell can be determined based on cell ID. Frequency hopping can also be applied on top of
FFR, by including a pre-determined cell specific hopping pattern with the configuration
message.

[0053] In UTRAN, the LMU is responsible to estimate the relative timing offset
between the neighbor cells by observing their transmissions. To avoid hearability problem
for E-UTRAN at the LMU, an alternative way for the LMU to find out about the relative
timing offset between the neighbor cells in an asynchronous system 1is to have a designated
eNB send an inquiry to the neighbor cells on their timing information. If a neighbor eNBs
are equipped with a satellite receiver for GPS or GNSS signals, then the neighbor eNB can
respond with an absolute timing of the frame boundary, as an example. Otherwise, the
neighbor eNB can respond with relative timing information, e.g., time stamp when the
inquiry is received from eNB, and the timing offset of the corresponding subframe and SFN
at the neighbor eNB. This inquiry and response can be transmitted through X2 signaling.
The periodicity of this inquiry will depend on the expected reference clock drifts at the
eNB.

[0054] To evaluate the performance of a positioning method such as TDOA, the
factors that affect the accuracy would need to be captured. Evaluation models should
capture the accuracy of TDOA estimation by the UEs, depending on the corresponding
location in the cell, e.g., the TDOA estimation error performance as a function of SINR
should be plotted and captured in the system level simulation. System simulation 1s used to
evaluate the resultant performance on the estimation of UE location based on triangulation
using the TOOA estimations of signals transmitted from various neighbor eNBs

[0055] The present invention solves hearability problems by using a new
reference signal (TDOA-RS) and a new synchronization signal (TDOA-sync) transmitted
over a signal structure that is already in use on the EUTRAN 3GPP Release 8 standard, i.e.,
cell-specific RS and synchronization signals. By using new signals over an existing signal
structure, the present invention can be implemented without adding additional receiver
complexity in the support of TDOA estimation. Moreover, hopping of the resource blocks

that carry the proposed TDOA-RS and TDOA-sync across the frequency domain can
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exploit frequehcy diversity, and maximize the hearability in various channel conditions as
experienced by different UEs.

[0056] The present invention can be used to allow relay station to maintain the
on-going measurement of the cell specific sequence sent by 1ts neighboring relay stations.
Such measurement can help the scheduling of the base station and-cannot rely on the
original reference signal (CRS) as defined in Release-8, because the relay station also needs
to transmit CRS, especially for synchronous network. This mechanism i1s usetul for the self-
organized relay network where the relay station can be added /removed dynamically or
relay station 1s moving.

[0057] To support UE location determination through time difference of arrival

(TOOA) measurements, additional UE measurement capability should be defined as

follows.
5.1.12 Timing offset
Definition Timing offset measurement, in units of Tg, is the time of amival of a downlink frame

in the neighbor cell (TOA neighbor) with reference to the time of arrival of the
corresponding frame in the serving cell (TOA_ref), i.e., TOA_neighbor ~ TOA_ref,
. where T; is the basic time unit for E-UTRA, as dsfined in TS 36.211 v8.5.0 {8]
Applicable for RRC_CONNECTED intra-frequency,
RRC _CONNECTED inter-frequency

[0058] The Definition for timing offset measurement, in units of T is the time of
arrival of a downlink frame in the neighbor cell (TOA neighbor) with reference to the time
of arrival of the corresponding frame in the serving ceil (TOA ref), i.e., TOA neighbor -
TOA ref, where T, 1s the basic time unit for E-UTRA, as defined in T8 36.211 vS.5.0 s11.
This modification to the system would be applicable for RRC CONNECTED intra-
frequency, RRC CONNECTED inter-frequency. |

[0059] The reporting format and triggering mechanism of such a measurement
will be defined as part of the MAC or RRC layer specifications. One triggering mechanism
is based on the triggering of RSRP and RSRQ reporting, as some timing offset information
can be made available. In addition, the triggering can be based on the configuration of
TOOA-RS and TOOA-sync transmission time, for improved accuracy, especially for UEs
located in the cell center. For UEs located near to the cell edge, the timing offset
measurement can be reported at the same time as the RSRP and/or RSRQ reports.

[0060] Additional positioning reference signals (RS) are proposed which have

property of frequency/time/code reuse 6 or greater. This i1s expected to greatly improve the
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neighbor cell signal hearability by the UE MS 16 over known methods and systems, which
1s only supporting reuse-3 in a system deployment with 2 transmit antennas.
[0061] Further details have also been provided for the contiguous RS which has
a similar structure to the synchronization signals. Avoid interference from neighbor cell
transmissions by assigning resources for the positioning RS (TDOA-RS) orthogonally,
through time, frequency and code, with an effective reuse factor of6 or higher. A frequency
reuse of 3 has been analyzed, but it 1s not sufficient to achieve sufficient neighbor cell
hearability. Thus, the present invention allows a frequency reuse pattern of 6 in the new
positioning-assisting reference signal RS (TDOA-RS). Similar to cell-specific RS (CRS),
there 1s cell-specific frequency shift in the RS pattern: V,shift = N(cell ID) mod 6, as
described in Section 6.10.1 of TS 36.211 v8.6.0

TDOA-RS with reuse 8 pattern, for deployments with 1 or 2-Tx antennas

—
| LB AL LI )

-
T
=
=3
75
Symbol & (&
2 N e ~1
Cellepaciic RS for the first Tx antenna
Cell-specific RS for the second Tx antenna
TOOA-RS for the first Tx antenna
TDOA-RS for the second Tx amteanna, or the first
Tx antenna if there ia only one transamit antenna
TDOA-RS with rouse 6 pattern, for depifoymaents with 1 or 2-Tx antennas
-
.%
=
(75
Symboil £ =0

Cellapecific RS for the first Tx antenna

Ceil-apeacific RS for the second Tx antenng

TDOA-RS for the first Tx antenna

TDOA-RS for the second Tx antanna, or the first
Tx antenna if there is only one transmit antanna
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TDOA-RS for 1 or 2 Antenna Port{s), within a doploymeant of neighbor
celis that may have more than 2 antonna ports

e
¥
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] Cell-specific RS for the first Tx antenna

ﬁf.iﬁ Cell-apecific RS for the second Tx amenns
’A _~

TDOA-RS for the first Tx antonne

TDOA-RS for the second Tx antanna, or the first
Tx antenna If thora is only one tranamil antenna
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Symbol £=0 Symboi £ =0 =

@ Cell-specific RS for the second Tx antenna

TDOA-RS for the first Tx antenna

TOOA-RS for the second Tx antenna, or the first
Tx antenna if there Is only one transmit antenna

(0062} The sequences used for positioning RS can be similar to that used for the
CRS. Alternatively, other pseudo-random sequences may also be used, e.g., Zadoff-Chu
sequences. When MBSFN subframes are used to transmit positioning RS, the cell-specific
RS 1is only transmitted in OFDM symbol 0 of the subframe when one or two transmit
antenna ports are configured. Thus, positioning RS can be transmitted 1n all other OFDM
symbols in the subframe. However, OFDM symbol I of the subframe cannot be used for
positioning RS when more than two transmit antenna ports are configured for some

neighbor cells in the deployed network.
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TDOA-RS with rouso 6 pattem, for deployments with 1 or 2-Tx antonnas,
but only 1 antenna port |s usod for the transmission of positioning RS

Subcarrier index k

Symbot £ =0 ™

t.j{fLua Cell-epecific RS for the first Tx amanna

@ Cell-apecific RS ftor the second Tx armtenna
TOOA-RS for one of the antennas Gesed to
tranamit positioning RS

TDOA-RS with rouse 6 pattern, for deployments with more than 2-Tx antennas,
but only 1 antenna port is used for the tranasmission of positioning R3

Ceoll-apeacitic RS for the first Tx antenna

Cellspecine RS for the second Tx antenna

= :I TDOA-RS for ona of the anteannas usead o
: transmit positioning RS

The scquences used for positioning RS can be similar to that used for tiw CRS. Altcmativcly,: other pseudo-random
sequences may also be used, e.g., Zadoff-Chu sequences.

TDOA-RS with reuse 6 pattern, for deployments with 1 or 2-Tx antennas,
but positioning RS is transmitted from one antenna port

Subcarer index k

Coll-specific RS for the firat Tx antennea

%53 Ceil-spacific RS for the second Tx antenna

TDOA-RS for one of the Tx antenna ports uaed for transmitting positioning RS
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- TDOA-RS with reuse 6 pattorn, for deploymenta with 1 or 2-Tx antennas

st

Subcarries index k

viia  Cefl-specific RS for the first Tx antenna

Ceall-speacific RS for tha second Tx antanna

- .TDOA-RS for the first Tx antenna

TOOA-RS for the second Tx antanna, or the firat
Tx armtanna if thaere Is onty ono transmit antanna

TDOA-RS with rouse 6 pattern, for deployments with more than 2-Tx antennas

r:’& Caell-specific RS for the first Tx antanna

- .: Collapecinc RS for the secorxt Tx snteanna

.1 1 TDOA-RS for the first Tx antanna

TDOA-RS for tha second Tx armtanna, or the firagt
Tx antenna if thera ia only one transmit antenna

[0063] The reference signal TDOA-RS can be positioned 1n contiguous
frequency (subcarriers) over a number of resource blocks. In the example as shown in the
chart below, each OFDM symbol that has no cell-specific reference signal RS, each
spanning over the 6 contiguous resource block RBs, and the TDOA-RS reference signal is
allocated to a neighbor cell for the transmission of a cell-specific sequence. These are
transmitted on OFDM symbols not used for the synchronization signals and not for the
broadcast channel. Data traffic cannot be scheduled on those resource blocks RBs carrying
the TDOA-RS positioning reference signal.

[0064] [f these reference signals RS are transmitted in the same resource blocks
RBs and subframe (#5) as the synchronization signals, then there can be at most Nrs = 6
OFDM symbols for up to 6 different neighbor cells in deployment networks with more than
2 transmit antennas, and Nrs = 8 OFDM symbols for up to 8 different neighbor cells in
deployment networks with one or two transmit antennas only. Each neighbor cell can be
assigned more than one OFDM symbol for transmitting the positioning sequence. Other
subframes and resource blocks that do not carry the synchronization signals (PSS/SSS) may

also be used for transmitting the positioning sequence. A larger number of resource blocks
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RBs or a longer sequence length Nseq can also be supported, e.g., 15 resource blocks RBs
as in the 3 MHz bandwidth system with 3.84 MHz sampling rate.

[00635] These sequences are orthogonal or have low cross-correlation properties
with the primary (PSS) and secondary (SSS) synchronization signals, and between different
neighbor cells. One type of sequence that can be used 1s the CAZAC sequences or Zadoft-
Chu sequences that are already used for various reference signals RS. One example is to

use different cyclic shifts a of the length-62 primary synchronization signal den) as defined
in Release-8 of the 3GPP standard. ‘

ja | [ e'fm;:m n=01,...30
P (n) =€ d(?l) where du (’ l) = ~ j:m(n-i-l Wn+d)
, Le o n=3132,...61

[0066] The values of cyclic shifts o can be chosen such that they are spaced as
far apart as possible for the different neighbor cells. The amount of shifts should be a
function of the cell ID. Similarly, the OFDM symbol assigned to a neighbor cell should also
be a function of the cell ID. For example,

O '
a=N_ +N, mod (NW/NW)_I
where N >= 1: minimum number of samples between each possible cyclic shift values.

For example, for Nseq = 62, and 6 desirable distinct cyclic shift values, then

62
N sS|—
A2

=10

[0067] OFDM symbol assigned to neighbor cell with cell ID:

O'=N modN_

[0068] Where ' = OFDM symbols not containing CRS, PSS/SSSIPBCH,
arranged in ascending order of OFDM symbol index /, starting from1'=0 to I'=Nrs -1. For

a longer sequence, the ZC sequence of length 127 can be used:
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Raire (Rl )
-.II_FI—'—

d (n)=4¢ Y p=0,1,...,126

[0069] The root of these sequences u can be selected different from the ones
used for the shorter sequence or primary sync signal.

[0070] As shown below, when positioning the TDOA-RS reference signal in a
contiguous resource blocks, the TDOA-RS 1s located in the same subframe as
synchronization signals. The left block uses the same length as sync signals, and the right
block uses a longer length of reference signal RS sequence that may occupy about 15 RBs
in the center of the band. These resource blocks are identified for deployment in networks
with more than 2 antennas. An OFDM symbol index 1 in each slot should reserved and not

used for the positioning RS transmission.
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[0071] Positioning of the TDOA-RS reference signal 1n a staggered pattern and
contiguous pattern is beneficial, with a frequency reuse of 6 and the objective for the
staggered pattern. With the use of different OFDM symbols for contiguous positioning of
the TDOA-RS transmission with different cyclic shifts from different neighbor cells, a
frequency reuse pattern larger than 6 can be achieved.

[0072] The TDOA-RS positioning reference signals have been described using a

frequency/time/code reuse of 6 or greater. This code reuse i1s expected to greatly improve
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the neighbor cell signal hearability by the UE, as compared to that of cell-specitic RS in

Release-8, which i1s only supporting reuse-3 1n a system deployment with 2 transmit
antennas. Further details have also been provided for the contiguous RS which has a similar
structure to the synchronization signals.

[0073] The present invention will avoid interference from neighbor cell
transmissions by assigning resources for the positioning reference signal RS (TDOA-RS)
orthogonally, through time, frequency and code, with an effective reuse factor of 6 or
higher. During the simulation analysis, 1t was assumed that the network is synchronized.
The mobile terminal UE time difference of arrival was measured based on either Release-8
CRS or proposed PA-RS in designated subframes without data transmission, i.e., IPDL
subframes. Furthermore, FDD intra-frequency measurement sensitivity requirement is set
to be SCH RP > -126 dBm [6]. Cell detectability requirement is SCH E/lot > 6 dB. Using
Rel-8 CRS, i1t 1s assumed that signal can be reliably detected down to around -14 dB due to
higher CRS symbol density than that of sync signal.

[0074] From the simulation results, i1t 1s observed that using Release-8 CRS
only, UE positioning performance cannot meet the US FCC mandate E911 phase-2
requirement. Positioning accuracy is essentially limited by neighboring cell hearability.
For example, for C /me threshold of -14 dB, the saturation point of position error at 83%
indicates that the probability that DE cannot detect 3 or more non-co-located sites 1s 17%.

[0075] For the standard shown in Release-8 using a CRS signal, a reuse factor of
3 i1s achievable for 2 antenna ports in IPDL subframes, 1.e., subframes without scheduled
data. In case of joint scheduling or configuration of positioning subframes consisting of a
mixture of normal and MBSFN subframes for different cell/group of cells, however, a
higher reuse factor can be achieved, but only at the expense of increased overhead and
complexity. The UE positioning error distributions for 3GPP Simulation Case-l1 (ETU
3kmlh) and Case-2 (ETU 30kmlh) using Release-8 CRS with a reuse factor of 6 were
analyzed, with a C/I threshold for cell hearability 1s set to be -6, -10, and -14 dB.

[0076] From the simulation results, it was also observed that using Release-8
CRS with a reuse factor of 6, UE positioning performance can meet the FCC E911 phase-2
requirement. Furthermore, it can be seen that positioning performance 1s impacted by the
CII threshold for cell hearability. To be specific, setting the C/I threshold to a very low
value results in more inaccurate time difference of arrival estimates, which degrades
positioning performance. On the other hand, if C/I threshold is set too high, cell hearability

will be reduced. Theretfore, a C/I threshold can be used to select neighbor cells for inclusion
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in UE positioning determination, to avoid the degradation in positioning accuracy as

caused by TDOA estimates with large errors. The C/I threshold needs to be optimized for a
trade-off between the TDOA estimation accuracy and the number of neighbor cells used in
the positioning determination, i.e., the subsequent trilateration step, from the positioning
performance point of view.

[0077] PA-RS patterns with a reuse factor of 6 were simulated to analyze the UE
positioning error distributions for 3GPP Simulation Case-1 (ETU 3kmlh) and Case-2 (ETU
30kmlh) using an additional position reference signal, such as the TDOA-RS or PA-RS
reference signal. The simulation was conducted to analyze the additional position reference
signal use with 1-Tx or 2-Tx antenna configurations and PA-RS bandwidths of 50, 25, 15
and 6 RBs.

[0078] From the simulation results using an additional position reference signal,
such as the TDOA-RS or PA-RS, with a reuse factor of 6, it is observed that: (1) UE
positioning performance can meet the FCC E911 phasé-2 requirement with an additional
position reference signal, such as the TDOA-RS or PA-RS, in a bandwidth of 15 RBs and
higher in both Case-l and Case-2; and (2) for a bandwidth of 50 REs, the antenna
configuration used to transmit the additional position reference signal, such as the TDOA-
RS or PA-RS, has negligible impact on positioning performance. With reduced bandwidth,
2-Tx PA-RS generally improves positioning performance due to diversity.

[0079] Using a standard positioning algorithm was adopted to conduct the
simulation, and the UE position 1s determined as follows.

[0080] Channel impulse response was estimated from serving and detectable
neighboring cells, and it was shown that: (1) if more than one detectable cell are co-located,
the one with the best signal quality 1s employed in positioning, (2) when multiple
transmit/receive antennas are deployed, estimated channel taps of all transmit-receive
antenna pairs are combined coherently, (3) when both CRS and an additional position
reference signal, such as the TDOA-RS or PA-RS are configured, estimated channel taps
from CRS and PA-RS are first combined using time-domain interpolation for each Tx
antenna port transmitting both CRS and PA-RS. Estimated channel taps of all transmit-
receive antenna pairs are then combined coherently, and (4) First arrival tap (path) is
identified as the earliest tap in the set of the strongest Ntap taps.

[0081] Propagation delay of signal from a cell is determined as the delay of the
identified first tap. The time difference of arrival is determined as the difference between

delay from neighboring cell and serving cell.
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[0082] The UE position is estimated from the time difference of arrival of the

Nns for neighboring sites with the best signal quality. The number of neighbor cell time

difference of arrival measurements is limited by a signal quality threshold, i.e. C/I threshold

such that TDOA measurements that are expected to have large errors are not used for

position estimation, provided that a minimum number, e.g., 2 or 3, of neighbor cell time

difference of arrival measurements are available. A different C/I threshold value may be
applicable for a different number of neighbor cell, i.e., there can be multiple CII thresholds.

[0083] For example, if there are Nns = 5 neighbor cells with C/I exceeding C/I
threshold 1 for hearability, the value of C/I threshold 2 for accurate TDOA measurement
can be set to a relative higher value than in the case Nns = 2. The threshold value settings
can be selected based on the TDOA link performance, and the cell-specific C/I threshold is
configured by eNB through higher-layer signaling. UE-specific C/I threshold adjustment
can also be supported. In this simulation, we assume Ntap = 6 and C/I thresholds of -6, -10
and -14 dB.

[0084] Based on the applicant’s simulation analysis, it is shown that the present
invention out-performs the standard Release 8 UE positioning for cell-specific (CRS). The
applicant was able to determine that the CRS-based solution has limited positioning
performance due to neighboring cell hearability problems. When joint scheduling or
configuration of positioning subframes consisting of a mixture of normal and MBSFN
subframes among different cells/group of cells, the CRS-based positioning performance can
be improved, but only with an increased reuse factor that will increase complexity and
overhead on the system.

[0085] Cell hearability threshold can be optimized to improve positioning
performance. The additional position reference signal, such as the TDOA-RS or PA-RS,
design with a reuse factor of 6 provides significantly improved positioning performance
over known techniques, and FCC E911 phase-2 requirement can be met with additional
position reference signal, such as the TDOA-RS or PA-RS, bandwidth of as low as 15
resource blocks RBs 1n a 2 transmit antennas system. The impact of the proposed additional
position reference signal, such as the TDOA-RS or PA-RS, antenna configuration was
analyzed, and i1t was determined that a 2-Tx antenna configuration for the additional
position reference signal, such as the TDOA-RS or PA-RS, improves positioning
performance for positioning subframes based on normal subframe with no data or MBSFN

subframe with no data and CRS 1n the data region.
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[0086] It was also determined that the time difference of arrival estimation
accuracy increased as the bandwidth of the positioning assisted reference signal, TDOA-
RS or PA-RS, was increased. The positioning assisted reference signal, TDOA-RS or PA-
RS does not need a full band, even though the time difference of arrival estimation error is
about twice as much with a half band as that for the case of a full-band. The resulting

positioning performance after trilateration can still meet FCC requirements.
[0087] Two proposed additional position reference signal, such as the TDOA-

RS or PA-RS, patterns are shown below for one antenna and two antenna configurations,

respectively.
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[0088] The above-described embodiments of the present application are
intended to be examples only. Those of skill in the art may effect alterations, modifications
and variations to the particular embodiments without departing from the scope of the
application. In the foregoing description, numerous details are set forth to provide an
understanding of the present invention. However, 1t will be understood by those skilled in
the art that the present invention may be practiced without these details. While the invention
has been disclosed with respect to a limited number of embodiments, those skilled in the art
will appreciate numerous modifications and variations therefrom. It is intended that the
appended claims cover such modifications and variations as fall within the true spirit and

scope of the invention.
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What is claimed i1s:
1. A wireless radio communication system that adjusts signal quality and strength
based on proximity location of user equipment on the system, comprising;:

a serving cell site base station that transmits signals to a mobile unit located on the
serving cell site, said base station configured to perform communication based on a wireless
packet transmission protocol,

one or more neighbor cell site base stations that transmits signals to the mobile unit
located on the serving cell site, said neighbor cell site base station configured to perform
communication based on a wireless packet transmission protocol,

wherein the serving cell site base station and the neighbor cell site base stations
transmit a time difference of arrival reference signal (TDOA-RS) that is used for a time
difference of arrival measurement to determine proximity location of the mobile unit on the
network to assist in the adjustment of signal strength and quality, and the serving cell site
base station and the neighbor cell site base stations transmit a time difterence of arrival
synchronization signal (TDOA-sync), said TDOA-RS reference signal is transmitted on
resource blocks of the transmissions from serving site base stations and the neighboring
base stations such that the mobile unit can detect saad TDOA-RS refterence signal and

TDOA-sync synchronization signal in a low signal-to-noise ratio environment.

2. The wireless radio communication system according to Claim 1 wherein said

time difference of arrival reference signal (TDOA-RS) is transmitted 1in any resource blocks

(RB) for POSCH and/or MBSFN subframe.

3. The wireless radio communication system according to Claim 1 wherein said
resource blocks carrying the time difference of arrival reference signal (TDOA-RS) can be

transmitted by frequency hopping between subsequent transmission 1nstances.

4, The wireless radio communication system according to Claim 1 wherein said
resource blocks carrying the time difference of arrival reference signal (TDOA-RS) can be
transmitted by frequency hopping within the resource blocks used for transmission of

synchronization signals.
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5. The wireless radio communication system according to Claim 1 wherein said
resource blocks carrying the time difference of arrival reference signal (TDOA-RS) can be

transmitted on contiguous resource blocks.

6. The wireless radio communication system according to Claim 1 wherein said
time difference of arrival synchronization signal (TDOA-sync) is transmitted in the

OFDMA symbols used on the synchronization channel.

7. The wireless radio communication system according to Claim 1 wherein said
time difference of arrival synchronization signal (TDOA-sync) 1s transmitted in different

OFDMA symbols than those used on the synchronization channel.

8. The wireless radio communication system according to Claim 1 wherein said
resource blocks carrying the time difference of arrival reference signal (TDOA-RS) can be

reused using a factor of 6.

9. A wireless radio communication system that adjusts signal quality and strength
based on proximity location of user equipment on the system, comprising;:

a serving cell site base station that transmits signals to a mobile unit located on the
serving cell site, said base station configured to perform communication based on a wireless
packet transmission protocol,

one or more neighbor cell site base stations using one or more relay stations to
transmits signals to the mobile unit located on the serving cell site, said neighbor cell site
base station configured to perform communication based on a wireless packet transmission
protocol,

wherein the serving cell site base station and the neighbor cell site base stations
transmit a time difference of arrival reference signal (TDOA-RS) that 1s used for a time
difference of arrival measurement to determine proximity location of the mobile unit on the
network to assist in the adjustment of signal strength and quality, and the serving cell site
base station and the neighbor cell site base stations transmit a time difference of arrival
synchronization signal (TDOA-sync), said TDOA-RS reference signal and TDOA-sync
synchronization signals are transmitted on resource blocks of the transmissions from serving

site base stations and the neighboring base stations such that the mobile unit can detect said
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TDOA-RS reference signal and TDOA-sync synchronization signal in a low signal-to-

noise ratio environment.

10. The wireless radio communication system according to Claim 9 wherein said

time difference of arrival reference signal (TDOA-RS) is transmitted in any resource blocks

(RB) for POSCH and/or MBSFN subframe.

11. The wireless radio communication system according to Claim 9 wherein said
resource blocks carrying the time difference of arrival reference signal (TDOA-RS) can be

transmitted by frequency hopping between subsequent transmission instances.

12.  The wireless radio communication system according to Claim 9 wherein said
resource blocks carrying the time difference of arrival reference signal (TDOA-RS) can be
transmitted by frequency hopping within the resource blocks used for transmission of

synchronization signals.

13. The wireless radio communication system according to Claim 9 wherein said
resource blocks carrying the time difference of arrival reference signal (TDOA-RS) can be

transmitted on contiguous resource blocks.

14. The wireless radio communication system according to Claim 9 wherein said
time difference of arrival synchronization signal (TDOA-sync) 1s transmitted in the

OFDMA symbols used on the synchronization channel.

15. The wireless radio communication system according to Claim 9 wherein said
time difference of arrival synchronization signal (TDOA-sync) i1s transmitted in different

OFDMA symbols than those used on the synchronization channel.
16. The wireless radio communication system according to Claim 9 wherein said

resource blocks carrying the time difference of arrival reference signal (TDOA-RS) can be

reused using a factor of 6.
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17. A method of communicating packet transmissions on a communication system

that that adjusts signal quality and strength based on proximity location of user equipment
on the system, comprising the steps of:

transmitting signals from a serving cell site base station to a mobile unit located on

the serving cell site, said base station configured to perform communication based on a
wireless packet transmission protocol,

transmitting signals from one or more neighbor cell site base stations to the mobile

unit located on the serving cell site, said neighbor cell site base station configured to

perform communication based on a wireless packet transmission protocol,

wherein the transmissions from the serving cell site base station and the neighbor

cell site base stations include a time difference of arrival reference signal (TDOA-RS) that

1s used for a time difference of arrival measurement to determine proximity location of the

mobile unit on the network to assist in the adjustment of signal strength and quality, and

wherein the transmissions from the serving cell site base station and the neighbor cell site

base stations include a time difference of arrival synchronization signal (TDOA-sync), said

TDOA-RS reference signal is transmitted on resource blocks of the transmissions from

serving site base stations and the neighboring base stations such that the mobile unit can

detect said TDOA-RS reference signal and TDOA-sync synchronization signal in a low

signal-to-noise ratio environment.

18. The method of communicating according to Claim 17 wherein said time
difference of arrival reference signal (TDOA-RS) is transmitted in any resource blocks (RB)

for POSCH and/or MBSFN subframe.

19. The method of communicating according to Claim 17 wherein said resource
blocks carrying the time difference of arrival reference signal (TDOA-RS) can be

transmitted by frequency hopping between subsequent transmission instances.

20. The method of communicating according to Claim 17 wherein said resource
blocks carrying the time difference of arrival reference signal (TDOA-RS) can be
transmitted by frequency hopping within the resource blocks used for transmission of

synchronization signals.
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21. The method of communicating according to Claim 17 wherein said resource
blocks carrying the time difference of arrival reference signal (TDOA-RS) can be

transmitted on contiguous resource blocks.

22. The method of communicating according to Claim 17 wherein said time
difference of arrival synchronization signal (TDOA-sync) 1s transmitted in the OFDMA

symbols used on the synchronization channel.
23. The method of communicating according to Claim 17 wherein said time

difference of arrival synchronization signal (TDOA-sync) is transmitted in different

OFDMA symbols than those used on the synchronization channel.
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