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METHOD AND APPARATUS FOR SUPPORTING 

POSITIONING MEASUREMENTS 

CROSS REFERENCE TO RELATED APPLICATION 

[0001] This application claims the benefit of U.S. provisional application 

No. 61/233,655, filed August 13, 2009, the contents of which is hereby 

incorporated by reference herein. 

BACKGROUND 

[0002] Support of wireless transmit/receive unit (WTRU)-based and 

WTRU-assisted observed time difference of arrival (OTDOA) methods has been 

identified as one technique to improve upon achievable accuracy and speed for 

positioning in a long term evolution (LTE) system. 

[0003] For OTDOA methods, a WTRU observes signals of several neighbor 

cells, measures the observed time differences of arrival (for example, as compared 

to its own serving cell), and reports these to the network. In one method, the 

network then derives a positioning estimate based on factors such as known 

deployment locations of the reported neighbor signals, known transmission time 

differences among various cells in the network, and the like. This is referred to 

as WTRU-assisted positioning. Alternatively, the network provides the factors to 

the WTRU so that the WTRU computes its own position from the measurements 

using these factors and the observed time differences of arrival measurements. 

This is referred to as WTRU-based positioning. 

[0004] WTRU time difference measurements may be defined based on one 

or more reference signals (RS) from the cells being measured. The RS may be 

either Release 8 LTE Cell-Specific RS (CRS) and/or a newly designed Positioning 

RS (PRS). Either may be used individually or in combination by the WTRU to 

derive the measured metrics. As a result, the WTRU may need to know which 

RS to use for the time difference measurements. 

[0005] The time difference measurement that may be used for OTDOA 

calculations may be the Reference Signal Time Difference (RSTD). The RSTD 
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may be defined as the relative timing difference between a cell j and cell i, which 

may be defined as TsubirameRxj - TsubirameRxi, where TsubframeRxj is the time when the 

WTRU receives the start of one subframe from cell j and TsuWrameRxi is the time 

when the WTRU receives the corresponding start of one subframe from cell i that 

is closest in time to the subframe received from cell j. The reference point for the 

observed subframe time difference may be the antenna connector of the WTRU. 

The RSTD measurement may be applicable to intra-frequency and inter-

frequency cells. The WTRU, therefore, needs to support measurements made on 

neighbor cell carrier frequencies that are different than the serving cell carrier 

frequency. 

SUMMARY 

[0006] A method and apparatus for supporting positioning measurements. 

The methods include designating a reference cell, choosing a positioning signal, 

and for inter-frequency measurements, determining which inter-frequency cell to 

measure and how to make such an inter-frequency positioning measurement. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] A more detailed understanding may be had from the following 

description, given by way of example in conjunction with the accompanying 

drawings wherein: 

[0008] FIG. 1A is a system diagram of an example communications system 

in which one or more disclosed embodiments may be implemented; 

[0009] FIG. IB is a system diagram of an example wireless 

transmit/receive unit (WTRU) that may be used within the communications 

system illustrated in FIG. 1A; 

[0010] FIG. 1C is a system diagram of an example radio access network 

and an example core network that may be used within the communications 

system illustrated in FIG. 1A; 
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[0011] FIG. 2 shows an example location service support flow in Evolved 

Universal Mobile Telecommunications System (UMTS) Terrestrial Radio Access 

Network (E-UTRAN); 

[0012] FIG. 3 shows example positioning protocols in a long term evolution 

(LTE) positioning architecture; and 

[0013] FIG. 4 shows an example flow diagram. 

DETAILED DESCRIPTION 

[0014] FIG. 1A is a diagram of an example communications system 100 in 

which one or more disclosed embodiments maj' be implemented. The 

communications system 100 may be a multiple access system that provides 

content, such as voice, data, video, messaging, broadcast, etc., to multiple 

wireless users. The communications system 100 may enable multiple wireless 

users to access such content through the sharing of system resources, including 

wireless bandwidth. For example, the communications system 100 may employ 

one or more channel access methods, such as code division multiple access 

(CDMA), time division multiple access (TDMA), frequency division multiple 

access (FDMA), orthogonal FDMA (OFDMA), single-carrier FDMA (SC-FDMA), 

and the like. 

[0015] As shown in FIG. 1A, the communications system 100 may include 

wireless transmit/receive units (WTRUs) 102a, 102b, 102c, 102d, a radio access 

network (RAN) 104, a core network 106, a public switched telephone network 

(PSTN) 108, the Internet 110, and other networks 112, though it will be 

appreciated that the disclosed embodiments contemplate any number of WTRUs, 

base stations, networks, and/or network elements. Each of the WTRUs 102a, 

102b, 102c, 102d may be any type of device configured to operate and/or 

communicate in a wireless environment. By way of example, the WTRUs 102a, 

102b, 102c, 102d may be configured to transmit and/or receive wireless signals 

and may include user equipment (UE), a mobile station, a fixed or mobile 

subscriber unit, a pager, a cellular telephone, a personal digital assistant (PDA), 
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a smartphone, a laptop, a netbook, a personal computer, a wireless sensor, 

consumer electronics, and the like. 

[0016] The communications systems 100 may also include a base station 

114a and a base station 114b. Each of the base stations 114a, 114b may be any 

type of device configured to wirelessly interface with at least one of the WTRUs 

102a, 102b, 102c, 102d to facilitate access to one or more communication 

networks, such as the core network 106, the Internet 110, and/or the networks 

112. By way of example, the base stations 114a, 114b may be a base transceiver 

station (BTS), a Node-B, an eNode B, a Home Node B, a Home eNode B, a site 

controller, an access point (AP), a wireless router, and the like. While the base 

stations 114a, 114b are each depicted as a single element, it will be appreciated 

that the base stations 114a, 114b may include any number of interconnected base 

stations and/or network elements. 

[0017] The base station 114a may be part of the RAN 104, which may also 

include other base stations and/or network elements (not shown), such as a base 

station controller (BSC), a radio network controller (RNC), relay nodes, etc. The 

base station 114a and/or the base station 114b may be configured to transmit 

and/or receive wireless signals within a particular geographic region, which may 

be referred to as a cell (not shown). The cell may further be divided into cell 

sectors. For example, the cell associated with the base station 114a may be 

divided into three sectors. Thus, in one embodiment, the base station 114a may 

include three transceivers, i.e., one for each sector of the cell. In another 

embodiment, the base station 114a may employ multiple-input multiple output 

(MIMO) technology and, therefore, may utilize multiple transceivers for each 

sector of the cell. 

[0018] The base stations 114a, 114b may communicate with one or more of 

the WTRUs 102a, 102b, 102c, 102d over an air interface 116, which may be any 

suitable wireless communication link (e.g., radio frequency (RF), microwave, 

infrared (IR), ultraviolet (UV), visible light, etc.). The air interface 116 maybe 

established using any suitable radio access technology (RAT). 
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[0019] More specifically, as noted above, the communications system 100 

may be a multiple access system and ma}' employ one or more channel access 

schemes, such as CDMA, TDMA, FDMA, OFDMA, SC-FDMA, and the like. For 

example, the base station 114a in the RAN 104 and the WTRUs 102a, 102b, 102c 

may implement a radio technology such as Universal Mobile Telecommunications 

System (UMTS) Terrestrial Radio Access (UTRA), which may establish the air 

interface 116 using wideband CDMA (WCDMA). WCDMA may include 

communication protocols such as High-Speed Packet Access (HSPA) and/or 

Evolved HSPA (HSPA+). HSPA may include High-Speed Downlink Packet 

Access (HSDPA) and/or High-Speed Uplink Packet Access (HSUPA). 

[0020] In another embodiment, the base station 114a and the WTRUs 102a, 

102b, 102c may implement a radio technology such as Evolved UMTS Terrestrial 

Radio Access (E-UTRA), which may establish the air interface 116 using Long 

Term Evolution (LTE) and/or LTE-Advanced (LTE-A) technologj'. 

[0021] In other embodiments, the base station 114a and the WTRUs 102a, 

102b, 102c may implement radio technologies such as IEEE 802.16 (i.e., 

Worldwide Interoperability for Microwave Access (WiMAX)), CDMA2000. 

CDMA2000 IX, CDMA2000 EV-DO, Interim Standard 2000 (IS-2000), Interim 

Standard 95 (IS-95), Interim Standard 856 (IS-856), Global System for Mobile 

communications (GSM), Enhanced Data rates for GSM Evolution (EDGE), GSM 

EDGE (GERAN), and the like. 

[0022] The base station 114b in FIG. 1A may be a wireless router. Home 

Node B, Home eNode B, or access point, for example, and may utilize any 

suitable RAT for facilitating wireless connectivity in a localized area, such as a 

place of business, a home, a vehicle, a campus, and the like. In one embodiment, 

the base station 114b and the WTRUs 102c, 102d may implement a radio 

technology such as IEEE 802.11 to establish a wireless local area network 

(WLAN). In another embodiment, the base station 114b and the WTRUs 102c, 

102d may implement a radio technology such as IEEE 802.15 to establish a 

wireless personal area network (WPAN). In yet another embodiment, the base 

station 114b and the WTRUs 102c, 102d may utilize a cellular-based RAT (e.g.. 
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WCDMA, CDMA2000, GSM, LTE, LTE-A, etc.) to establish a picocell or 

femtocell. As shown in FIG. 1A, the base station 114b may have a direct 

connection to the Internet 110. Thus, the base station 114b may not be required 

to access the Internet 110 via the core network 106. 

[0023] The RAN 104 may be in communication with the core network 106, 

which may be any type of network configured to provide voice, data, applications, 

and/or voice over internet protocol (VoIP) services to one or more of the WTRUs 

102a, 102b, 102c, 102d. For example, the core network 106 may provide call 

control, billing services, mobile location-based services, pre-paid calling, Internet 

connectivity, video distribution, etc., and/or perform high-level security functions, 

such as user authentication. Although not shown in FIG. 1A, it will be 

appreciated that the RAN 104 and/or the core network 106 may be in direct or 

indirect communication with other RANs that employ the same RAT as the RAN 

104 or a different RAT. For example, in addition to being connected to the RAN 

104, which may be utilizing an E-UTRA radio technology, the core network 106 

may also be in communication with another RAN (not shown) employing a GSM 

radio technology. 

[0024] The core network 106 may also serve as a gateway for the WTRUs 

102a, 102b, 102c, 102d to access the PSTN 108, the Internet 110, and/or other 

networks 112. The PSTN 108 may include circuit-switched telephone networks 

that provide plain old telephone service (POTS). The Internet 110 may include a 

global system of interconnected computer networks and devices that use common 

communication protocols, such as the transmission control protocol (TCP), user 

datagram protocol (UDP) and the internet protocol (IP) in the TCP/IP internet 

protocol suite. The networks 112 may include wired or wireless communications 

networks owned and/or operated by other service providers. For example, the 

networks 112 may include another core network connected to one or more RANs, 

which may employ the same RAT as the RAN 104 or a different RAT. 

[0025] Some or all of the WTRUs 102a, 102b, 102c, 102c! in the 

communications system 100 may include multi-mode capabilities, i.e., the 

WTRUs 102a, 102b, 102c, 102d may include multiple transceivers for 
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communicating with different wireless networks over different wireless links. 

For example, the WTRU 102c shown in FIG. 1A may be configured to 

communicate with the base station 114a, which may employ a cellular-based 

radio technology, and with the base station 114b, which may employ an IEEE 802 

radio technology. 

[0026] FIG. IB is a system diagram of an example WTRU 102. As shown 

in FIG. IB, the WTRU 102 may include a processor 118, a transceiver 120, a 

transmit/receive element 122, a speaker/microphone 124, a keypad 126, a 

display/touchpad 128, non-removable mem or}' 130, removable memory 132, a 

power source 134, a global positioning system (GPS) chipset 136, and other 

peripherals 138. It will be appreciated that the WTRU 102 may include an}' sub­

combination of the foregoing elements while remaining consistent with an 

embodiment. 

[0027] The processor 118 may be a general purpose processor, a special 

purpose processor, a conventional processor, a digital signal processor (DSP), a 

plurality of microprocessors, one or more microprocessors in association with a 

DSP core, a controller, a microcontroller, Application Specific Integrated Circuits 

(ASICs), Field Programmable Gate Array (FPGAs) circuits, any other type of 

integrated circuit (IC), a state machine, and the like. The processor 118 may 

perform signal coding, data processing, power control, input/output processing, 

and/or any other functionality that enables the WTRU 102 to operate in a 

wireless environment. The processor 118 may be coupled to the transceiver 120. 

which may be coupled to the transmit/receive element 122. While FIG. IB 

depicts the processor 118 and the transceiver 120 as separate components, it will 

be appreciated that the processor 118 and the transceiver 120 may be integrated 

together in an electronic package or chip. 

[0028] The transmit/receive element 122 may be configured to transmit 

signals to, or receive signals from, a base station (e.g., the base station 114a) over 

the air interface 116. For example, in one embodiment, the transmit/receive 

element 122 may be an antenna configured to transmit and/or receive RF signals. 

In another embodiment, the transmit/receive element 122 may be an 
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emitter/detector configured to transmit and/or receive IR, UV, or visible light 

signals, for example. In yet another embodiment, the transmit/receive element 

122 may be configured to transmit and receive both RF and light signals. It will 

be appreciated that the transmit/receive element 122 may be configured to 

transmit and/or receive any combination of wireless signals. 

[0029] In addition, although the transmit/receive element 122 is depicted in 

FIG. IB as a single element, the WTRU 102 may include any number of 

transmit/receive elements 122. More specifically, the WTRU 102 may employ 

MIMO technology. Thus, in one embodiment, the WTRU 102 may include two or 

more transmit/receive elements 122 (e.g., multiple antennas) for transmitting 

and receiving wireless signals over the air interface 116. 

[0030] The transceiver 120 may be configured to modulate the signals that 

are to be transmitted by the transmit/receive element 122 and to demodulate the 

signals that are received by the transmit/receive element 122. As noted above, 

the WTRU 102 may have multi-mode capabilities. Thus, the transceiver 120 may 

include multiple transceivers for enabling the WTRU 102 to communicate via 

multiple RATs, such as UTRA, E-UTRA and IEEE 802.11, for example. 

[0031] The processor 118 of the WTRU 102 may be coupled to, and may 

receive user input data from, the speaker/microphone 124, the keypad 126, 

and/or the display/touchpad 128 (e.g., a liquid crystal display (LCD) display unit 

or organic light-emitting diode (OLED) display unit). The processor 118 may also 

output user data to the speaker/microphone 124, the keypad 126, and/or the 

display/touchpad 128. In addition, the processor 118 may access information 

from, and store data in, any type of suitable memory, such as the non-removable 

memory 130 and/or the removable memory 132. The non-removable memory 130 

may include random-access memory (RAM), read-only memory (ROM), a hard 

disk, or any other type of memory storage device. The removable memory 132 

may include a subscriber identity module (SIM) card, a memory stick, a secure 

digital (SD) memory card, and the like. In other embodiments, the processor 118 

may access information from, and store data in, memory that is not physically 

located on the WTRU 102, such as on a server or a home computer (not shown). 

-8-



WO 2011/020008 PCT/US2010/045458 

[0032] The processor 118 may receive power from the power source 134. 

and may be configured to distribute and/or control the power to the other 

components in the WTRU 102. The power source 134 may be any suitable device 

for powering the WTRU 102. For example, the power source 134 may include one 

or more dry cell batteries (e.g., nickel-cadmium (NiCd), nickel-zinc (NiZn), nickel 

metal hydride (NiMH), lithium-ion (Li-ion), etc.), solar cells, fuel cells, and the 

like. 

[0033] The processor 118 may also be coupled to the GPS chipset 136, 

which may be configured to provide location information (e.g., longitude and 

latitude) regarding the current location of the WTRU 102. In addition to, or in 

lieu of, the information from the GPS chipset 136, the WTRU 102 may receive 

location information over the air interface 116 from a base station (e.g., base 

stations 114a, 114b) and/or determine its location based on the timing of the 

signals being received from two or more nearby base stations. It will be 

appreciated that the WTRU 102 may acquire location information by way of any 

suitable location-determination method while remaining consistent with an 

embodiment. 

[0034] The processor 118 may further be coupled to other peripherals 138, 

which may include one or more software and/or hardware modules that provide 

additional features, functionality and/or wired or wireless connectivity. For 

example, the peripherals 138 may include an accelerometer, an e-compass, a 

satellite transceiver, a digital camera (for photographs or video), a universal 

serial bus (USB) port, a vibration device, a television transceiver, a hands free 

headset, a Bluetooth® module, a frequency modulated (FM) radio unit, a digital 

music player, a media player, a video game player module, an Internet browser, 

and the like. 

[0035] FIG. 1C is a system diagram of the RAN 104 and the core network 

106 according to an embodiment. As noted above, the RAN 104 may employ an 

E-UTRA radio technology to communicate with the WTRUs 102a, 102b, 102c over 

the air interface 116. The RAN 104 may also be in communication with the core 

network 106. 
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[0036] The RAN 104 may include eNode-Bs 140a., 140b, 140c, though it will 

be appreciated that the RAN 104 may include any number of eNode-Bs while 

remaining consistent with an embodiment. The eNode-Bs 140a, 140b, 140c may 

each include one or more transceivers for communicating with the WTRUs 102a, 

102b, 102c over the air interface 116. In one embodiment, the eNode-Bs 140a, 

140b, 140c may implement MIMO technology. Thus, the eNode-B 140a, for 

example, may vise multiple antennas to transmit wireless signals to, and receive 

wireless signals from, the WTRU 102a. 

[0037] Each of the eNode-Bs 140a, 140b, 140c may be associated with a 

particular cell (not shown) and may be configured to handle radio resource 

management decisions, handover decisions, scheduling of users in the uplink 

and/or downlink, and the like. As shown in FIG. 1C, the eNode-Bs 140a, 140b, 

140c may communicate with one another over an X2 interface. 

[0038] The core network 106 shown in FIG. 1C ma}' include a mobility 

management gateway (MME) 142, a serving gateway 144, and a packet data 

network (PDN) gateway 146. While each of the foregoing elements are depicted 

as part of the core network 106, it will be appreciated that any one of these 

elements may be owned and/or operated by an entity other than the core network 

operator. 

[0039] The MME 142 may be connected to each of the eNode-Bs 142a, 142b, 

142c in the RAN 104 via an Si interface and may serve as a control node. For 

example, the MME 142 may be responsible for authenticating users of the 

WTRUs 102a, 102b, 102c, bearer activation/deactivation, selecting a particular 

serving gateway during an initial attach of the WTRUs 102a, 102b, 102c, and the 

like. The MME 142 may also provide a control plane function for switching 

between the RAN 104 and other RANs (not shown) that employ other radio 

technologies, such as GSM or WCDMA. 

[0040] The serving gateway 144 may be connected to each of the eNode Bs 

140a, 140b, 140c in the RAN 104 via the Si interface. The serving gateway 144 

may generally route and forward user data packets to/from the WTRUs 102a. 

102b, 102c. The serving gateway 144 may also perform other functions, such as 
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anchoring user planes during inter-eNode B handovers, triggering paging when 

downlink data is available for the WTRUs 102a, 102b, 102c, managing and 

storing contexts of the WTRUs 102a, 102b, 102c, and the like. 

[0041] The serving gateway 144 may also be connected to the PDN gateway 

146, which may provide the WTRUs 102a, 102b, 102c with access to packet-

switched networks, such as the Internet 110, to facilitate communications 

between the WTRUs 102a, 102b, 102c and IP-enabled devices. 

[0042] The MME 142 or serving gateway 144 may interface with an evolved 

serving mobile location center (E-SMLC) 150 for at least control plane positioning 

support and for sending location information to or receiving location information 

from the WTRUs 102a, 102b, 102c. 

[0043] The core network 106 may facilitate communications with other 

networks. For example, the core network 106 may provide the WTRUs 102a, 

102b, 102c with access to circuit-switched networks, such as the PSTN 108, to 

facilitate communications between the WTRUs 102a, 102b, 102c and traditional 

land-line communications devices. For example, the core network 106 may 

include, or may communicate with, an IP gateway (e.g., an IP multimedia 

subsystem (IMS) server) that serves as an interface between the core network 

106 and the PSTN 108. In addition, the core network 106 may provide the 

WTRUs 102a, 102b, 102c with access to the networks 112, which may include 

other wired or wireless networks that are owned and/or operated by other service 

providers. 

[0044] Focusing on the control plane only, location service support flow is 

shown with respect to FIG. 2. A WTRU 200 or an eNB 210 may reqtiest some 

location service (e.g., positioning or delivery of assistance data) from the serving 

MME 220 at the non-access stratum (NAS) level (la). Alternatively, an entity in 

the evolved packet core (EPC) 240 (e.g., Gateway Mobile Location Centre 

(GMLC)) may request some location service (e.g. positioning) for a target WTRU 

to the serving MME 220 (lb). Alternatively, the serving MME 220 for a target 

WTRU 200 may determine the need for some location service (e.g. to locate the 

WTRU 200 for an emergency call) (lc). 
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[0045] The MME ma}' then transfer the location service request to an E-

SMLC 230 (2). The E-SMLC 230 may then instigate location procedures with the 

serving eNB 210 for the WTRU 200, e.g., to obtain positioning measurements or 

assistance data (3a). In addition or instead of step 3a, the E-SMLC 230 may 

instigate location procedures with the WTRU 200, (e.g... to obtain a location 

estimate or positioning measurements or to transfer location assistance data to 

the WTRU 200 (3b)). The E-SMLC 230 may then provide a location service 

response to the MME 220 and include any needed results, e.g., a success or 

failure indication and, if requested and obtained, a location estimate for the 

WTRU (4). 

[0046] If step la was performed, the MME 220 may return a location 

service response to the WTRU 200 (or the eNB 210) and include any needed 

results, (e.g., a location estimate for the WTRU 200 (5a)). If step lb was 

performed, the MME 220 may return a location service response to the EPC 

entity in step lb and include any needed results, (e.g., a location estimate for the 

WTRU (5b)). If step lc occurred, the MME 220 may use the location service 

response received in step 4 to assist the service that triggered this in step lc, 

(e.g., may provide a location estimate associated with an emergency call to a 

GMLC) (5c). 

[0047] FIG. 3 shows the two protocols that may be used for support of 

positioning: LTE positioning protocol (LPP) and LTE positioning protocol a 

(LPPa). The LPP protocol is a point-to-point protocol between the E-SMLC 300 

and the WTRU 330. The LPP passes through the MME 310 and eNB 320 to the 

WTRU. . The LPPa protocol may be used for transfer of positioning related 

information (e.g., PRS scheduling information) between the eNB 320 and the E-

SMLC 300. 

[0048] For OTDOA methods, a WTRU observes signals of several neighbor 

cells, measures the observed time differences of arrival (for example, as compared 

to its own serving cell), and reports these to the network. In one method, the 

network then derives a positioning estimate based on factors such as known 

deployment locations of the reported neighbor signals, known transmission time 
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differences among various cells in the network, and the like. This is referred to 

as WTRU-assisted positioning. Alternatively, the network provides the factors to 

the WTRU so that the WTRU computes its own position from the measurements 

using these factors and the observed time differences of arrival measurements. 

This is referred to as WTRU-based positioning. 

[0049] WTRU time difference measurements may be defined based on one 

or more reference signals (RS) from cells being measured. The RS may be either 

Release 8 LTE Cell-Specific RS (CRS) and/or a newly designed Positioning RS 

(PRS). Either may be used individually or in combination by the WTRU to derive 

the measured metrics. 

[0050] The PRS to be used by the WTRU for positioning purposes may be 

contained in either normal subframe(s), or in Multi-Media Broadcast over a 

Single Frequency Network (MBSFN)-reserved subframes. The PRS bandwidth 

may be configurable, e.g., up to the sj'stem bandwidth in a subframe. 

[0051] Without loss of generality and for illustration purposes, more than 

one positioning subframe allocation may be needed by the WTRU to accumulate 

enough energy to get to one measurement sample for one or more specific 

neighbors. For example, 1, 2, 4 or 6 consecutive positioning subframes may be 

needed to derive one sample. Furthermore, positioning subframes may typically 

occur in certain periodicities, (e.g. 16, 32, 64, or 128 radio frames, and positioning 

occasions may be semi-statically configured and coordinated among neighboring 

eNodeBs). 

[0052] MBSFN-reserved subframes, when used as positioning subframes, 

may have the same PRS pattern as normal subframes. Specifically, the same 

PRS pattern may be used in all PRBs used for positioning in frequency dimension 

in one subframe. The PRS pattern(s) similar to the CRS in Release 8 LTE maybe 

generated as a function of the Physical Cell ID (PCI) as one input parameter. 

[0053] Assistance data may be provided to the WTRU throvigh higher layer 

signaling such as radio resource control (RRC) or LPP signaling. 

[0054] The time difference measurement that may be used for OTDOA 

calculations may be the Reference Signal Time Difference (RSTD). The RSTD 
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may be defined as the relative timing difference between a cell j and cell i, which 

may be defined as TsubframeRxj - TsubframeRxi, where TsubframeRxj is the time when the 

WTRU receives the start of one subframe from cell j and TsubframeRxj is the time 

when the WTRU receives the corresponding start of one subframe from cell i that 

is closest in time to the subframe received from cell j. The reference point for the 

observed subframe time difference may be the antenna connector of the WTRU. 

The RSTD measurement may be applicable to intra-frequency cell measurements 

and inter-frequency cell measurements. 

[0055] When making inter-frequency measurements, the WTRU may need 

to tune its receiver to the appropriate downlink (DL) carrier frequency and may 

therefore not be able to receive on the serving cell DL frequency. In addition, 

many common WTRU RF implementations may use frequency synthesizers 

where a single oscillator may be employed to derive both DL receive (Rx) and 

uplink (UL) transmit (Tx) frequencies. This radio frequency (RF) architecture 

may be facilitated by the use of common DL-UL frequency duplex distances in 3G 

and LTE technology. Therefore, when the WTRU tunes its DL Rx frequency for 

measurement purposes to a different DL frequency channel than the one 

employed by its own serving cell, the WTRU may not be able to simultaneously 

transmit on the UL Tx frequency channel in use in that serving cell either. In 

addition, some DL frequency channels in certain 3G or LTE frequency bands may 

be too close to UL frequency channels of other 3G or LTE bands, such that a DL 

measurement may not be reliably performed without self-interference from 

concurrent UL transmissions by the WTRU even where the WTRU RF 

architecture may support such separate tuning of DL Rx and UL Tx frequencies. 

[0056] Although the methods described herein are shown in terms of 

OTDOA and RSTD, the methods are applicable to any positioning measurements 

and positioning methods. Moreover, although the methods described herein are 

described in particular combinations, each method and/or part of each method 

may be used alone or in combination with other methods or parts of other 

methods. 
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[0057] Methods are described herein for choosing between a CRS or PRS. 

In one method, the WTRU may determine whether to use CRS or PRS for 

positioning measurements based on the existence of a PRS. The WTRU may 

know of the existence and subframe allocation of the PRS in the serving cell 

based on high layer signaling. The information may be broadcast or sent via 

dedicated signaling. 

[0058] For example, if PRS exists in the serving cell, the WTRU may use it 

for determining serving cell timing for use in positioning measurements, for 

example RSTD. In another example, the WTRU may use PRS for determining 

timing relative to the serving cell, such as RSTD, of any intra-frequency cells that 

transmit PRS in the same subframes as the serving cell, (i.e., the WTRU looks for 

PRS of other cells in the same subframe as the PRS of the serving cell and 

determines their relative timing to the serving cell, for example, RSTD). In a 

further example, the WTRU may use the PRS for determining timing relative to 

the serving cell, such as RSTD, of any intra-frequency cells that transmit PRS in 

subframes that are different from those containing PRS of the serving cell, but 

are known to the WTRU, (e.g., in the case of asynchronous PRS transmission 

where the WTRU is told, for example, the system frame number (SFN) offset 

between the neighbor cell and serving cell transmissions). 

[0059] In another method, if the serving cell does not support PRS, then 

the WTRU may use CRS for both the serving cell and each other cell that may be 

used for positioning measurements, and for determining the relative time 

difference between each cell and the serving cell, such as for RSTD in support of 

OTDOA. 

[0060] In another method, if a cell to be measured does not support PRS, 

then the WTRU may make the RSTD measurement for that cell and the serving 

cell based on CRS measurements for both cells. 

[0061] In another method, the WTRU may make an RSTD measurement 

using PRS for one cell and CRS for the other cell. 

[0062] In another method, explicit higher layer signaling may be used to 

tell the WTRU whether to use CRS or PRS. For example, the E-SMLC may 
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signal the WTRU via LPP signaling whether PRS should be used for the serving 

cell, and for which other cells. The default may be to use CRS, i.e., if the WTRU 

is not told to use PRS, then the WTRU may use CRS. 

[0063] In another method, if a cell, serving or other, supports PRS, then the 

WTRU may use PRS for the positioning measurement for that cell. If a cell, 

serving or other, does not support PRS, then the WTRU may use CRS for the 

positioning measurement for that cell. 

[0064] In another method, higher layer signaling may be used to tell the 

WTRU whether or not each cell to be measured supports PRS. If the WTRU is 

not told that a cell to be measured supports PRS, then the WTRU may assume 

that it does not support PRS. 

[0065] In another method, higher layer signaling may be used to tell the 

WTRU whether or not each cell to be measured is synchronized in its 

transmission of PRS with the serving cell. The higher layer signaling may allow 

for the possibility of informing the WTRU that all cells (or all cells to be 

measured) are synchronized in their transmission of the PRS with the serving 

cell. This may be done using, for example, a single bit. 

[0066] In another method, if PRS is to be used for the measurement, but 

the PRS measurement is of poor quality, then the WTRU may attempt to use 

CRS . If both PRS and CRS are of poor quality, the WTRU may discard the 

RSTD measurement. 

[0067] In another method, threshold parameters may be provided to the 

WTRU by the network for use in determining whether the RS measurements are 

of sufficient quality for acceptable RSTD measurements. 

[0068] In another method, the WTRU may use either CRS or PRS 

measurements depending on which provides the better quality. For each of the 

serving cell and other cell, the WTRU may use CRS or PRS based on the 

individual quality. Alternatively, for both the serving cell and other cell, the 

WTRU may use CRS or PRS (same for both) based on the individual qualities 

and/or the combined qualitj'. 
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[0069] Described herein are methods for designating and using reference 

cells. 

[0070] In an example method for designating a reference cell, the network 

may tell the WTRU which cell is the reference cell for positioning measurements. 

The reference cell may or may not be the serving cell. Allowing a reference cell 

to be a cell other than the serving cell may provide benefits such as the ability to 

continue positioning through handover. That is, the WTRU may continue 

positioning measurements and measurement reporting after handover without 

changes to reference or neighbor cells or the need for new assistance data. 

[0071] In one embodiment, if the WTRU is not told which cell is the 

reference cell, then the default reference cell may be the serving cell. 

[0072] In an example method of when the reference cell is not the serving 

cell, the existence and subframe allocation of the PRS may be provided to the 

WTRU via high layer signaling. 

[0073] If the WTRU is not told of the existence of PRS and/or what the 

subframe allocation is for the PRS in the reference cell, then the default may be 

the same as the serving cell. That is, if the WTRU is not told of the existence of 

PRS in the reference cell, then the existence of PRS in the reference cell is the 

same as the existence of PRS in the serving cell. If the WTRU is not told the 

subframe allocation of PRS in the reference cell, then the subframe allocation in 

the reference cell is the same as the subframe allocation of PRS in the serving 

cell. 

[0074] Alternatively, if the WTRU is not told of the existence of PRS in the 

reference cell, then the WTRU understands that PRS is not supported in the 

reference cell. If the WTRU is told that PRS exists in the reference cell but is not 

told the subframe allocation of PRS in the reference cell, then the subframe 

allocation in the reference cell is the same as the subframe allocation of PRS in 

the serving cell. 

[007 5] Alternatively, if the WTRU is not told of the existence of PRS in the 

reference cell, then the WTRU understands that PRS is not supported in the 

reference cell. If the WTRU is told that PRS exists in the reference cell but is not 
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told the subframe allocation of PRS in the reference cell, then this may be seen as 

an error and the WTRU may act as if PRS is not configured in the reference cell. 

[0076] In an example method of when PRS exists in the reference cell, the 

WTRU uses it for determining reference cell timing for use in positioning 

measurements, for example RSTD. 

[0077] In another example method, if PRS exists in the reference cell and 

the reference cell is an intra-frequency cell, the WTRU may use PRS for 

determining timing relative to the reference cell, for example RSTD, of any intra-

frequency cells that transmit PRS in the same subframes as the reference cell, 

i.e., the WTRU may look for PRS of other cells in the same subframe as PRS of 

the reference cell and determine their relative timing to the reference cell, for 

example RSTD. 

[0078] In another example method, if PRS exists in the reference cell and 

the reference cell is an intra-frequency cell, the WTRU may use it for 

determining timing relative to the serving cell, for example RSTD, of any intra-

frequency cells that transmit PRS in subframes that are different from those 

containing PRS of the reference cell, but are known to the WTRU. For example, 

as in the case of asynchronous PRS transmission where the WTRU may be told 

the SFN offset between the neighbor cell and reference cell transmissions (or the 

SFN offset between the neighbor cell and the serving cell and the reference cell 

and the serving cell so that it can derive the SFN offset between the neighbor cell 

and reference cell transmissions). 

[0079] In an example method of when the reference cell does not support 

PRS, then the WTRU may use CRS for both the reference cell and each other cell 

used for positioning measurements for determining the relative time difference 

between each cell and the reference cell, for example for RSTD in support of 

OTDOA. 

[0080] In an example method of when a cell to be measured does not 

support PRS, then the WTRU measurement of RSTD for that cell may be based 

on CRS measurements for both that cell and the reference cell. 
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[0081] In an example method, explicit higher layer signaling may be used 

to tell the WTRU whether to use CRS or PRS. For example, the E-SMLC may 

signal the WTRU via LPP signaling whether PRS should be used for the 

reference cell, and for which of the non-reference cells. In the case of explicit 

signaling, the default may be to use CRS, i.e., if the WTRU is not told to use PRS, 

then the WTRU may use CRS. 

[0082] In an example method of when a cell, reference or other, supports 

PRS, then the WTRU may use PRS for the measurement for that cell. If a cell, 

reference or other, does not support PRS, then the WTRU may use CRS for the 

measurement for that cell. 

[0083] In an example method, higher layer signaling may be used to tell 

the WTRU whether or not each non-reference cell to be measured supports PRS. 

If the WTRU is not told that a non-reference cell to be measured supports PRS, 

then the WTRU understands that it does not support PRS. 

[0084] In another example method, higher layer signaling may be used to 

tell the WTRU whether or not each non-reference cell to be measured is 

synchronized in its transmission of PRS with the reference cell. The higher layer 

signaling may allow for the possibility of informing the WTRU that all non-

reference cells (or all non-reference cells to be measured) are synchronized in 

their transmission of the PRS with the reference cell, for example using a single 

bit. 

[0085] In another example method, the WTRU may use either CRS or PRS 

measurements depending on which provides the better quality. For each of the 

reference cell and non-reference cell, the WTRU may use CRS or PRS based on 

the individual quality. Alternatively, for both the reference cell and neighbor 

cell, the WTRU may use CRS or PRS (same for both) based on the individual 

qualities and/or the combined quality. 

[0086] Described herein are methods for performing inter-frequency RSTD 

measurements. 
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[0087] In an example method, for inter-frequency neighbor cells to be used 

for positioning measurements, for example for OTDOA measurements, the 

carrier frequency(ies) of the cell(s) maybe provided to the WTRU by the network. 

[0088] In an embodiment of the example method, for inter-frequency 

neighbor cells to be used for positioning measurements, for example for OTDOA 

measurements, the carrier frequency(ies) of the cell(s) may be provided to the 

WTRU by the network as part of assistance data. Assistance data messages 

containing such inter-frequency cells indicated for positioning measurements by 

the WTRU may be realized through RRC or LPP signaling exchanges with one or 

more network nodes, such as eNB(s) or E-SMLC(s), with the WTRU. 

Alternatively, other protocol messages maybe used, such as for example, medium 

access control (MAC) control packet data units (PDU(s)) or equivalent messages. 

[0089] In one embodiment, the evolved absolute radio frequency channel 

number (EARFCN) of the inter-frequency cell(s) indicated for positioning 

measurements may be provided in the assistance data. 

[0090] In another embodiment, the carrier frequency(ies) of the inter-

frequency cell(s) indicated for positioning measurements may be provided to the 

WTRU by the E-SMLC via LPP signaling. 

[0091] In another method, the WTRU may determine which carrier 

frequencies and/or inter-frequency cells to measure for positioning purposes, for 

example for OTDOA measurements, based on existing carrier frequency list(s) 

and/or inter-frequency neighbor cell list(s) already provided to the WTRU by one 

or more network nodes, such as the eNodeB(s), for mobility handling purpose and 

the like. 

[0092] In one embodiment, either all or some of the carrier frequencies 

and/or inter-frequency cells indicated for other measurement purposes such as 

mobility handling may qualify as inter-frequencj' measurement candidates for 

positioning purposes for the WTRU. 

[0093] In another embodiment, carrier frequencies and/or inter-frequency 

cells otherwise discarded by the WTRU for measurement purposes (such as for 

mobility handling) due to specific measurement rules in that context, ma}' be 
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considered by the WTRU as valid measurement candidates for positioning 

purposes. 

[0094] In another embodiment, the WTRU may determine which carrier 

frequencies and/or inter-frequency cells to measure for positioning purposes 

based on the carrier frequencies and/or inter-frequency cells provided to the 

WTRU in the InterFreqCarrierFreqList and/or the InterFreqNeighList provided 

through RRC signaling. 

[0095] In another embodiment, the WTRU may determine which frequency 

channels and/or inter-frequency cells to evaluate for positioning purposes based 

on existing measurement lists and may not preclude cells in the 

InterFreqBlackCellList from measurements to be used for positioning. 

[0096] In another embodiment, the WTRU may exclude from inter-

frequency measurements for positioning any carrier frequencies and/or candidate 

cells that are not provided in the inter-frequency neighbor carrier and/or cell 

list(s) provided by the eNB. For example, in the case where the E-SMLC 

provides carrier frequencies of the inter-frequency cells to be measured for 

positioning purposes, if there are frequencies in that list that are not also 

included in the inter-frequency neighbor carrier and/or cell list(s) provided by the 

eNB, the WTRU may exclude those frequencies from positioning measurements. 

[0097] In another embodiment, in the case where the E-SMLC provides a 

list of inter-frequency cells to be measured for positioning purposes, if there are 

inter-frequency cells in that list that are not also included in the inter-frequency 

neighbor cell list(s) provided by the eNB, the WTRU may exclude those cells (the 

ones not on the inter-frequency neighbor cell list(s) provided by the eNB) from 

positioning measurements. 

[0098] In an example method, the cells the WTRU measures for positioning 

purposes may be limited to those whose strength or reception quality is good 

enough or deemed reliable enough as determined by other measurements. 

[0099] In one embodiment, those other measurements used in this 

determination may be reference signal received power (RSRP) and/or reference 

signal received quality (RSRQ). 
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[00100] In another embodiment, if the RSRP and/or RSRQ measvirements do 

not exceed specified thresholds, the WTRU may exclude the related cell(s) and/or 

the related frequency(s) from positioning measurements. 

[00101] In another embodiment, the threshold parameters maybe provided 

to the WTRU by the network for use in determining if applicable signal strength 

or signal quality levels, for example based on RSRP and/or RSRQ measurements, 

are good enough to consider specific cells and/or specific carrier frequencies for 

positioning measurements. 

[00102] In another embodiment, the WTRU ma}' configure applicable signal 

strength or signal quality levels based on its own measurements and without 

intervention of the network. 

[00103] In another embodiment, different signal strength or reception 

quality thresholds may be configured in the WTRU for different measurement 

objects. For example, a first signal quality threshold may apply to a first 

frequency channel used for positioning purposes, and a second, possibly different 

signal quality threshold may apply to a second frequency channel used for 

positioning purposes, and so on. 

[00104] In an example method, the serving eNB may inform the E-SMLC of 

the strength and/or quality of measurements reported by the WTRU to enable the 

E-SMLC to determine which cells and/or which frequencies the WTRU should 

measure subsequently. 

[00105] In an embodiment, the eNB ma}' inform the E-SMLC of the WTRU's 

measurements of RSRP and/or RSRQ. This information may be signaled using 

LPPa signaling. 

[00106] In an example method, when a WTRU may be told by the E-SMLC 

to perform inter-frequency positioning measurements, the E-SMLC may also 

inform the serving eNB for that WTRU. In a further example, the E-SMLC may 

inform the eNB using LPPa signaling. The E-SMLC may also inform the eNB 

that inter-frequency positioning measurements may be required of the specific 

WTRU and may optionally include the carrier frequencies and/or the cell IDs of 

the cell or cells to be measured. In yet a further example, the eNB may also 
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configure measurement gaps in the WTRU as needed to support these inter-

frequency measurements. 

[00107] In an example method, the serving eNB may inform the E-SMLC of 

the carrier frequencies of the cells for which the WTRU may be reporting 

measurements. For example, this may include the carrier frequencies of the cells 

for which the WTRU may be reporting RSRP and/or RSRQ. The E-SMLC is thus 

aware of the carrier frequencies the WTRU is already hearing and measuring. 

This information may be signaled using LPPa signaling. 

[00108] In an example method, the serving eNB may inform the E-SMLC of 

the cell IDs of the inter-frequency cells, and optionally all cells, the WTRU may 

be reporting measurements for. For example, this may include the cell IDs of the 

cells for which the WTRU is reporting RSRP and/or RSRQ. Thus, the E-SMLC is 

aware of the cells the WTRU is already hearing and measuring. This information 

may be signaled using LPPa signaling. 

[00109] In an example method, the WTRU capability for inter-frequency 

measurements maybe expanded to include RSTD measurements. For example, 

the WTRU may be required to be capable of performing RSRP, RSRQ, and RSTD 

measurements of at least 4 inter-frequenc}' cells per frequency division duplex 

(FDD) inter-frequency carrier for up to 3 FDD inter-frequency carriers. 

[00110] In an example method, the WTRU may have a requirement for 

inter-frequency RSTD measurements stating that the WTRU be capable of 

performing RSTD measurements of at least X inter-frequency cells per FDD 

inter-frequency carrier for up to Y FDD inter-frequency carriers. In one example, 

X= 2 or 3 and Y=1 or 2. A similar requirement may be imposed for time division 

duplex (TDD). 

[00 111] In an example, the WTRU ma}' limit the number of inter-frequency 

cells and/or carrier frequencies for which it makes RSTD measurements such 

that the total number of inter-frequency cells and carrier frequencies for which it 

makes any measurements does not exceed the capabilities required for RSRP and 

RSRQ. 
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[00112] For example, the WTRU may be capable of performing RSRP and 

RSRQ measurements of at least 4 inter-frequency cells per FDD inter-frequency 

carrier for up to 3 FDD inter-frequency carriers. If the WTRU, for example, were 

making RSRP/RSRQ measurements on 3 inter-frequency cells per FDD inter-

frequency carrier for each of 2 FDD inter-frequency carriers, then the capability 

requirement for RSTD would support measurement on the cells already 

measured for RSRP/RSRQ plus an additional 1 more cell on the existing 2 

frequencies plus up to 4 cells on a 3rd frequency. 

[00113] Described herein is an example method that a WTRU 405 may 

follow using the methods described herein. The WTRU 405 may receive and 

store configured inter-frequency measurement objects from the network 410 

(415). For example, an eNodeB or E-SMLC may send list(s) of measurement 

objects to the WTRU 405 through RRC or LPP protocol message exchanges. 

Inter-frequency measurement objects ma}' comprise carrier frequencies other 

than the current serving cell frequency, or inter-frequency cells including their 

respective identifiers. The WTRU 405 may then build the list of valid positioning 

measurement objects based on either one or more filtering criteria (420). 

[00114] One filtering criteria may result in having some measurement 

objects excluded from the positioning candidate list. For example, a frequency not 

also indicated by the eNB on the inter-frequency mobilit}' list, may not be usable 

by the WTRU 405 for positioning measurements. Other filtering criteria may 

result in one or more measurement objects being precluded from the list if signal 

strength or signal quality measurements indicate low reliability. In yet another 

filtering criteria example, the list of measurement objects may be completed by 

including certain cells or frequencies not considered in the context of inter-

frequency measurements for other measurement purposes. For example, black­

listed cells may be included for positioning purposes. 

[00115] The WTRU 405 then stores the list of measurement objects for 

positioning purposes (425) and starts executing positioning measurements 

according to a measurement schedule (430). 
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[00116] In addition to the initial building of the measurement object list, the 

same or a different set of filter criteria may be used to refresh the list of valid 

measurement objects for positioning purposes. This may be done at update 

intervals. For example, reception of a new list of inter-frequency channels may 

trigger an update to the measurement object list. Alternatively or additionally, a 

cell reaching sufficient signal strength or signal quality may be included for 

positioning purposes. 

[00117] Methods for determining which signals to measure for inter-

frequency measurements are described herein. In one example method, only CRS 

may be used for RSTD for inter-frequency cells. For example, while PRS and 

CRS both may be configured for the purpose of positioning measurements on the 

serving cell frequency, only CRS maybe used on inter-frequency cells. In another 

method, the rules for choosing CRS versus PRS may apply for both intra-

frequency and inter-frequency cells. 

[00118] Described herein are methods for determining how many subframes 

may be available for measurement accumulation. In one example method, the 

number of subframes available for accumulation (NPRS) for inter-frequency PRS 

measurements may be different from the number of subframes available for 

accumulation for intra-frequency PRS measurements. For example, the number 

of subframes available for accumulation (NPRS) for inter-frequency PRS 

measurements may be less than the number of subframes available for 

accumulation for intra-frequency PRS measurements. 

[00119] In an example method, the number of subframes available for 

accumulation (NPRS) for inter-frequency PRS measurements may be signaled to 

the WTRU. For example, the number of subframes available for accumulation 

(NPRS) for inter-frequency PRS measurements maybe signaled to the WTRU as a 

separate parameter from the number of subframes available for accumulation for 

intra-frequency PRS measurements. 

[00120] In an example method, the number of subframes to use for 

accumulation (NPRS) for inter-frequency PRS measurements may be a fixed 



WO 2011/020008 PCT/US2010/045458 

number. For example, the number of subframes to use for accumulation (NPRS) 

for inter-frequency PRS measurements may be one subframe. 

[00121] Described herein are methods for determining when to measure 

inter-frequency cells. In an example method, a network configured measurement 

gap may be used for performing inter-frequency RSTD measurements. The rules 

for DL reception and UL transmission during measurement gaps may apply. 

That is, during the measurement gap, the WTRU may not transmit any data and 

is not expected to tune its receiver on the E-UTRAN serving cell carrier 

frequency. 

[00122] In another example method, the gap identified for inter-frequency E-

UTRAN measurements (for example RSRP and RSRQ measurements) may also 

be used for the inter-frequency RSTD measurements. 

[00123] In another example method, a new measurement gap may be 

defined and used for the inter-frequency RSTD measurements. The gap length, 

the gap period, and the gap starting subframe may be provided to the WTRU by 

the network. The gap parameters may be flexible enough to allow the patterns to 

overlay on the PRS patterns totally or in part. Additionally, the WTRU may not 

be required to make any UL transmissions during this gap such as sounding 

reference signal (SRS), acknowledgement/negative acknowledgement 

(ACK/NACK), channel quality indicator (CQI) reports, and the like. Additionally, 

the WTRU may not be expected to tune its receiver on the E-UTRAN serving cell 

carrier frequency during this gap. 

[00124] In another example method, given NPRS may be the number of 

subframes allocated for PRS, the WTRU may use some of the subframes for 

intra-frequency PRS measurements and some of the subframes for inter-

frequency PRS measurements. For example, the WTRU may use the last X 

subframes (or alternatively the first X subframes) of the NPRS subframes to do the 

inter-frequency measurements. The value of X may be known (fixed) or signaled 

to the WTRU. During the subframes used for inter-frequency measurements and 

any subframe(s) used for transition between reception and/or operation on 

different carrier frequencies, the WTRU may not be required to make any UL 
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transmissions, such as SRS, ACK/NACK, CQI reports, and the like. The WTRU 

may not be expected to tune its receiver on the E-UTRAN serving cell carrier 

frequency during the subframe(s) used for inter-frequency measurements. 

[00125] In another example method, cells transmitting with different carrier 

frequencies may not transmit PRS in exactly the same subframes. The 

allocations may partially overlap or not overlap at all. For purposes of 

illustration only, consider celll transmitting with carrier frequency fl using 

allocation pattern 1 and cell2 transmitting with carrier frequencj7 f2 using 

allocation pattern 2. Allocation pattern 2 may be the same as allocation pattern 

1, but shifted in time by a fixed number of subframes. In another illustration, 

allocation pattern 1 may be 4 subframes every 16 frames beginning in subframe 0 

of system frame number (SFN) 0 and allocation pattern 2 may be the same 

pattern, but beginning in subframe 4 of SFN 0. In this example, there would be 8 

consecutive svibframes for PRS where the first 4 are for cells transmitting on fl 

and the second 4 are for cells transmitting on f2. In another example, allocation 

pattern 2 may be different from allocation pattern 1. 

[00126] In this example method, the WTRU may be signaled the allocation 

patterns for the inter-frequency cells. This may be on a cell basis or on a carrier 

frequency basis. During the subframes used for inter-frequency measurements 

and any subframe(s) used for transition between reception and/or operation on 

different carrier frequencies, the WTRU may not required to make any UL 

transmissions, such as SRS, ACK/NACK, CQI reports, and the like. The WTRU 

may not be expected to tune its receiver on the E-UTRAN serving cell carrier 

frequency during the subframe(s) used for inter-frequency measurements. 

[00127] In another example method, cells transmitting with different carrier 

frequencies may not transmit PRS in exactly the same subframes. The carrier 

frequencies may be placed in groups and each group may have a subframe 

allocation defined. All cells with a carrier frequency in a particular group may 

use the same subframe allocation. 

[00128] In this example method, the WTRU may be told the allocation 

patterns for the inter-frequency cells. This ma}' be on a cell basis, on a carrier 
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frequency basis, or on a group basis. For the group basis case, a means may be 

provided for the WTRU to know which frequencies are in each group. This may 

be fixed or signaled. During the subframes used for inter-frequency 

measurements and any subframes used for transition between reception and/or 

operation on different carrier frequencies, the WTRU maj' not be required to 

make any UL transmissions, such as SRS, ACK/NACK, CQI reports, and the like. 

Additionally, the WTRU may not be expected to tune its receiver on the E-

UTRAN serving cell carrier frequency during the subframe(s) used for inter-

frequency measurements. 

[00129] In another example method, the E-SMLC may provide information 

to the eNB(s) related to the configuration of WTRUs making inter-frequency PRS 

measurements such that the eNB(s) maybe able to configure measurement gaps 

accordingly. This information may include the carrier frequencies for which the 

WTRU is being asked to make RSTD measurements. LPPa signaling may be used 

for this communication. 

[00130] In another example method, the measurement gap to use for inter-

frequency measurements may be implicitly configured by the PRS subframe 

allocation, i.e., the network signaling the information regarding the subframe 

allocation of the inter-frequency PRS signals to the WTRU implies that a 

measurement gap is configured. The WTRU may understand that this is a 

measurement gap and during this gap may not be required to receive in the DL 

or transmit in the UL on the serving cell. 

[00131] In an example method, cells transmitting with different carrier 

frequencies may transmit PRS in the same subframes. The WTRU may be told 

which period of the PRS allocation to use for intra-frequency measurements and 

which to use for inter-frequency measurements. For example, the WTRU may be 

told to use every Nth period of the PRS allocation for inter-frequency 

measurements, where N may be an integer greater than or equal to 1. The 

default value of N may be 1 and the WTRU may not need to be informed by 

signaling if N is 1. Moreover, if N is always 1, no additional signaling may be 

required to inform the WTRU. 
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[00132] In this example method, during the subframes used for inter-

frequency measurements and any subframes used for transition between 

reception and/or operation on different carrier frequencies, the WTRU may not be 

required to make any UL transmissions, such as SRS, ACK/NACK, CQI reports, 

and the like. It is noted that during these subframes designated for inter-

frequency PRS measurements, the WTRU may need to tune its receiver to the 

serving (or other reference) cell carrier frequency at the beginning of the period 

for some length of time (for example, some number of subframes) to obtain the 

reference timing for the measurements of the other cells. Except as stated above , 

the WTRU may not be expected to tune its receiver on the E-UTRAN serving 

carrier frequency during the subframe(s) used for inter-frequency measurements. 

[00133] In one method, when the reference cell supports PRS, the OTDOA 

assistance data for the reference cell includes the PRS information for the 

reference cell and the OTDOA assistance data for a neighbor cell includes the 

PRS information for the neighbor cell if it is not the same as the PRS information 

of the reference cell. PRS information may include the PRS bandwidth, the PRS 

configuration index, where the PRS configuration index may be an index into a 

table which provides the subframe allocation for the PRS (where the subframe 

allocation identifies in which subframes PRS will be transmitted), and the like. 

[00134] In the case where the reference cell supports PRS and a neighbor 

cell does not, a means is needed to inform the WTRU that the neighbor does not 

support PRS. This may be done in one or more of the following methods. In one 

example method, in the PRS information for the neighbor cell, the PRS 

bandwidth may be set to a specific value that is interpreted by the WTRU to 

mean PRS is not supported in the neighbor cell. For example, the PRS 

bandwidth may be set to a value that is not a valid PRS bandwidth value, which 

may. for example, be a value of all zeroes or all ones. 

[00135] In another example method, in the PRS information for the neighbor 

cell, the PRS configuration index may be set to a specific value that is interpreted 

by the WTRU to mean PRS is not supported in the neighbor cell. For example, 

one of the reserved values may be used such as 4095. 
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[00136] In another example method, in the PRS information for the neighbor 

cell, specific values may be used for two or more of the parameters (the values 

may be the same or different for the different parameters) to indicate that PRS is 

not supported in the neighbor cell. For example, all the values may be set to 0. 

The WTRU may interpret the combination of parameter values to mean that PRS 

is not supported in the neighbor cell. 

[00137] Embodiments 

' [00138] 1. A method for supporting positioning measurements 

comprising designating a cell as a reference cell. 

[00139] 2. The method as in any preceding embodiment, further 

comprising transmitting the reference cell information to a wireless 

transmit/receive unit (WTRU). 

[00140] 3. The method as in any preceding embodiment, wherein the 

reference cell is not a serving cell. 

[00141] 4. The method as in any preceding embodiment, further 

comprising transmitting positioning reference signal (PRS) information for the 

reference cell to the WTRU on a condition that the reference cell supports PRS. 

[00142] 5 The method as in any preceding embodiment, wherein the 

PRS information includes PRS subframe allocation information. 

[00143] 6. The method as in any preceding embodiment, wherein lack of 

signaling of the PRS information equals non-support of PRS. 

[00144] 7. The method as in any preceding embodiment, further 

comprising transmitting information for each non-reference cell that indicates 

that its transmission of a positioning reference signal is synchronized with the 

reference cell's transmission of a positioning reference signal. 

[00145] 8. The method as in any preceding embodiment, further 

comprising transmitting at least one carrier frequency with respect to at least 

one inter-frequency cell being used for positioning measurements. 

[00146] 9. The method as in any preceding embodiment, wherein the at 

least one carrier frequency is provided as assistance data. 
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[00147] 10. The method- as in any preceding embodiment, wherein 

assistance data is signaled via one of radio resource control or long term 

evolution positioning protocol signaling. 

[00148] 11. The method as in any preceding embodiment, wherein the at 

least one carrier frequency is identified using an evolved absolute radio frequency 

channel number (EARFCN). 

[00149] 12. The method as in any preceding embodiment, wherein the 

EARFCN is provided as assistance data. 

[00150] 13. A method for supporting positioning measurements, 

comprising receiving reference cell information from a network. 

[00151] 14. The method as in embodiment 13, further comprising making 

positioning measurements using the reference cell information. 

[00152] 15. The method as in any one of embodiments 13-14, further 

comprising receiving positioning reference signal (PRS) information for a 

reference cell on a condition that the reference cell supports PRS. 

[00153] 16 The method as in any one of embodiments 13-15, wherein the 

PRS information includes PRS subframe allocation information. 

[00154] 17. The method as in any one of embodiments 13-16, wherein a 

wireless transmit/receive unit determines lack of positioning reference signal 

(PRS) support by the reference cell from lack of signaling of PRS information for 

the reference cell. 

[00155] 18. The method as in any one of embodiments 13-17. further 

comprising receiving information for each non-reference cell that indicates that 

its transmission of a positioning reference signal is synchronized with the 

reference cell's transmission of a positioning reference signal. 

[00156] 19. The method as in any one of embodiments 13-18. further 

comprising receiving at least one carrier frequency with respect to at least one 

inter-frequency cell being used for positioning measurements. 

[00157] 20. The method as in any one of embodiments 13-19. wherein the 

at least one carrier frequency is provided as assistance data. 
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[00158] 21. The method as in any one of embodiments 13-20, wherein 

assistance data is signaled via one of radio resource control or long term 

evolution positioning protocol signaling 

[00159] 22. The method as in any one of embodiments 13-21, wherein the 

at least one carrier frequency is identified using an evolved absolute radio 

frequency channel number (EARFCN). 

[00160] 23. The method as in any one of embodiments 13-22, wherein the 

EARFCN is provided as assistance data. 

[00161] 24. A method for choosing a positioning signal and for making 

inter-frequency measurements for long term evolution (LTE). 

[00162] 25. The method as in embodiment 24, further comprising 

determining whether or not to use Cell-Specific reference signal (CRS) and/or a 

Positioning RS (PRS). 

[00163] 26. The method as in any one of embodiments 24-25. further 

comprising using a PRS for determining cell timing for positioning 

measurements. 

[00164] 27. The method as in any one of embodiments 24-26.. further 

comprising using a PRS for determining cell timing of intra-frequency cells 

transmitting PRS in the same subframes as a cell. 

[00165] 28. The method as in any one of embodiments 24-27, further 

comprising using a PRS for determining cell timing of intra-frequency cells 

transmitting PRS in different subframes as a cell. 

[00166] 29. The method as in any one of embodiments 24-28, further 

comprising using CRS for determining positioning measurements. 

[00167] 30. The method as in any one of embodiments 24-29. further 

comprising using a Reference Signal Time Difference (RSTD) measurements 

based on a CRS. 

[00168] 31. The method as in an\r one of embodiments 24-30, wherein an 

RSTD is used using PRS. 

[00169] 32. The method as in any one of embodiments 24-31, wherein an 

RSTD is used using CRS. 
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[00170] 33. The method as in any one of embodiments 24-32, further 

comprising using higher layer signaling to signal whether to use CRS or PRS. 

[00171] 34. The method as in any one of embodiments 24-33, wherein 

LPP signaling is used to signal whether to use CRS or PRS. 

[00172] 35. The method as in any one of embodiments 24-34, wherein a 

serving cell, reference cell, or other cell does not support PRS and CRS is used for 

that cell. 

[00173] 36. The method as in any one of embodiments 24-35, wherein if 

explicit signaling is used, CRS is used by default. 

[00174] 37. The method as in any one of embodiments 24-36, wherein 

PRS is used if the explicit signaling is to use PRS. 

[00175] 38. The method as in any one of embodiments 24-37, further 

comprising using higher layer signaling to signal whether or not a cell supports 

PRS. 

[00176] 39. The method as in any one of embodiments 24-38, wherein if 

signaling does not include that a cell supports PRS, then it is assumed that it 

does not support PRS. 

[00177] 40. The method as in any one of embodiments 24-39, further 

comprising using higher layer signaling to signal whether or not a cell to be 

measured is synchronized in its transmission of PRS with a cell. 

[00178] 41. The method as in any one of embodiments 24-40, further 

comprising using higher layer signaling to signal allow for a possibility of 

informing that all cells, or all cells to be measured, are synchronized in their 

transmission of PRS with a cell. 

[00179] 42. The method as in any one of embodiments 24-41, wherein 

CRS is used if PRS is of poor quality. 

[00180] 43. The method as in any one of embodiments 24-42, further 

comprising discarding an RSTD measurement if both CRS and PRS are of poor 

quality. 
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[00181] 44. The method as in any one of embodiments 24-43, further 

comprising providing threshold parameters for determining whether RS 

measurements are of sufficient quality for acceptable RSTD measurements. 

[00182] 45. The method as in any one of embodiments 24-44, wherein 

PRS or CRS is selected based on which has better quality. 

[00183] 46. The method as in any one of embodiments 24-45, wherein 

PRS or CRS are selected based upon a combined quality. 

[00184] 47. The method as in any one of embodiments 24-46, further 

comprising signaling which cell is a reference cell for positioning measurements. 

[00185] 48. The method as in any one of embodiments 24-47, wherein a 

reference cell is a serving cell. 

[00186] 49. The method as in any one of embodiments 24-48, wherein a 

reference cell is not a serving cell. 

[00187] 50. The method as in any one of embodiments 24-49, further 

comprising signaling an existence and allocation of a subframe of a PRS via 

higher layer signaling. 

[00188] 51. The method as in any one of embodiments 24-50, wherein a 

subframe allocation in a reference cell is the same as for a serving cell. 

[00189] 52. The method as in any one of embodiments 24-51, further 

comprising using PRS for reference cell timing for positioning measurements. 

[00190] 53. The method as in any one of embodiments 24-52, wherein a 

cell is a serving cell or a reference cell. 

[00191] 54. The method as in any one of embodiments 24-53, further 

comprising providing carrier frequencies of inter-frequency neighbor cells used 

for positioning measurements. 

[00192] 55. The method as in any one of embodiments 24-54, wherein 

carrier frequencies are provided as part of assistance data. 

[00193] 56. The method as in any one of embodiments 24-55, further 

comprising indicating an EARFCN of an inter-frequency cell. 

[00194] 57. The method as in any one of embodiments 24-56, wherein 

carrier frequencies are providing via E-SMLC, RRC, and/or LLP signaling. 
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[00195] 58. The method as in any one of embodiments 24-57. further 

comprising determining which carrier frequencies and/or inter-frequency cells to 

measure for positioning purposes. 

[00196] 59. The method as in any one of embodiments 24-58, wherein all 

or some carrier frequencies and/or inter-frequency cells indicated for other 

measurement purposes qualify as inter-frequency measurement candidates for 

positioning purposes. 

[00197] 60. The method as in any one of embodiments 24-59, wherein all 

or some carrier frequencies and/or inter-frequency cells discarded for other 

measurement purposes qualify as inter-frequency measurement candidates for 

positioning purposes. 

[00198] 61. The method as in any one of embodiments 24-60, wherein 

carrier frequencies and/or inter-frequency cells are provided in an 

InterFreqCarrierFreqList and/or and InterFreqNeighList. 

[00199] 62. The method as in any one of embodiments 24-61, further 

comprising determining to exclude cells. 

[00200] 63. The method as in any one of embodiments 24-62, wherein 

cells whose strength and/or reception quality is reliable are used for 

measurements. 

[00201] 64. The method as in any one of embodiments 24-63. further 

comprising determining a cell to use for measurements using reference signal 

received power (RSRP) and/or reference signal reference quality (RSRQ). 

[00202] 65. The method as in any one of embodiments 24-64, wherein a 

cell is excluded from measurements if an RSRP and/or RSRQ is below a 

threshold. 

[00203] 66. The method as in any one of embodiments 24-65, further 

comprising signaling RSRP and/or RSRQ parameters. 

[00204] 67. The method as in any one of embodiments 24-66. further 

comprising determining signal strength or quality levels. 
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[00205] 68. The method as in any one of embodiments 24-67. further 

comprising informing an E-SMLC of strength and/or quality measurements 

reported. 

[00206] 69. The method as in any one of embodiments 24-68, further 

comprising informing a serving eNodeB of a user equipment (UE) being told to 

perform inter-frequency positioning measurements. 

[00207] 70. The method as in any one of embodiments 24-69, wherein 

informing includes informing of carrier frequencies and/or cell IDs of cells to be 

measured. 

[00208] 71. The method as in any one of embodiments 24-70, further 

comprising configuring measurement gaps. 

[00209] 72. The method as in any one of embodiments 24-71, wherein 

inter-frequency measurements include RSTD measurements. 

[00210] 73. The method as in any one of embodiments 24-72, wherein 

inter-frequency measurements are performed on a number of FDD or TDD cells 

for up to a number of FDD or TDD frequencies. 

[00211] 74. The method as in any one of embodiments 24-73, wherein a 

number of inter-frequency cells and/or carrier frequencies is limited to not exceed 

capabilities required for RSRP and/or RSRQ. 

[00212] 75. The method as in any one of embodiments 24-74, wherein 

CRS is used for RSTD for inter-frequency cells. 

[00213] 76. The method as in any one of embodiments 24-75, wherein 

PRS is used for intra-frequency and/or inter-frequency cell measurements. 

[00214] 77. The method as in any one of embodiments 24-76, wherein a 

number of subframes available for accumulation for inter-frequency PRS is 

different from a number of subframes available for accumulation for intra-

frequency PRS. 

[00215] 78. The method as in any one of embodiments 24-77, wherein a 

number of subframes available for accumulation for inter-frequency PRS is less 

than a number of subframes available for accumulation for intra-frequency PRS. 
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[00216] 79. The method as in any one of embodiments 24-78, further 

comprising signaling a number of subframes available for accumulation for inter-

frequency PRS. 

[00217] 80. The method as in any one of embodiments 24-79. further 

comprising signaling a number of subframes available for accumulation for inter-

frequency PRS as a separate parameter from a number of subframes available for 

accumulation for intra-frequency PRS. 

[00218] 81. The method as in any one of embodiments 24-80, wherein a 

number of subframes available for accumulation for inter-frequency PRS is a 

fixed number. 

[00219] 82. The method as in any one of embodiments 24-81, wherein a 

number of subframes available for accumulation for inter-frequency PRS is one 

subframe. 

[00220] 83. The method as in any one of embodiments 24-82. further 

comprising using a configured measurement gap for performing inter-frequency 

RSTD measurements. 

[00221] 84. The method as in any one of embodiments 24-83, wherein a 

gap for inter-frequency E-UTRAN measurements is used for inter-frequency 

RSTD measurements. 

[00222] 85. The method as in any one of embodiments 24-84. further 

comprising defining a measurement gap for performing inter-frequency RSTD 

measurements. 

[00223] 86. The method as in any one of embodiments 24-85. further 

comprising providing a gap length, gap period, and/or gap starting subframe. 

[00224] 87. The method as in any one of embodiments 24-86, wherein gap 

parameters overlay on PRS patterns totally or in part. 

[00225] 88. The method as in any one of embodiments 24-87. wherein 

uplink (UL) transmissions are not required to be made during a gap. 

[00226] 89. The method as in any one of embodiments 24-88, wherein a 

receiver is not expected to be tuned on an E-UTRAN serving carrier frequency 

during a gap. 
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[00227] 90. The method as in any one of embodiments 24-89, wherein 

some subframes allocated for PRS are used for intra-frequency PRS 

measurements some are used for inter-frequency measurements. 

[00228] 91. The method as in any one of embodiments 24-90, wherein 

uplink (UL) transmissions are not required to be made during inter-frequency 

measurement subframes. 

[00229] 92. The method as in any one of embodiments 24-91, wherein a 

receiver is not expected to be tuned on an E-UTRAN serving carrier frequency 

during inter-frequency measurement subframes. 

[00230] 93. The method as in any one of embodiments 24-92, wherein 

cells transmitting with different carrier frequencies do not transmit PRS in the 

same subframes. 

[00231] 94. The method as in any one of embodiments 24-93, wherein 

allocations overlap partially or not at all. 

[00232] 95. The method as in any one of embodiments 24-94, further 

comprising signaling allocation patterns. 

[00233] 96. The method as in any one of embodiments 24-95, wherein 

allocation patterns are signaled on a cell basis and/or a carrier frequency basis. 

[00234] 97. The method as in any one of embodiments 24-96, wherein 

cells transmitting with different carrier frequencies do not transmit PRS in the 

same subframes. 

[00235] 98. The method as in any one of embodiments 24-97, wherein 

carrier frequencies are put in groups. 

[00236] 99. The method as in any one of embodiments 24-98. wherein 

carrier frequency groups have a subframe allocation defined. 

[00237] 100. The method as in any one of embodiments 24-99, wherein all 

cells with a carrier frequency in the same group us a same subframe allocation. 

[00238] 101. The method as in any one of embodiments 24-100, further 

comprising providing an eNodeB information related to configuration of UEs 

making inter-frequency PRS measurements. 
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[00239] 102. The method as in arvy one of embodiments 24-101, wherein a 

measurement gap for making inter-frequency measurements be implicitly 

configured by a PRS subframe allocation. 

[00240] 103. The method as in any one of embodiments 24-102, wherein a 

UE is not required to receive in the downlink (DL) or transmit in the UL on a 

serving cell during a measurement gap. 

[00241] 104. The method as in any one of embodiments 24-103, wherein 

cells transmitting with different carrier frequencies transmit PRS in the same 

subframes. 

[00242] 105. The method as in any one of embodiments 24-104, further 

comprising providing which period of a PRS allocation to use for intra-frequency 

measurements and/or which to use for inter-frequencj' measurements. 

[00243] Although features and elements are described above in particular 

combinations, one of ordinary skill in the art will appreciate that each feature or 

element can be used alone or in any combination with the other features and 

elements. In addition, the methods described herein may be implemented in a 

computer program, software, or firmware incorporated in a computer-readable 

medium for execution by a computer or processor. Examples of computer-

readable media include electronic signals (transmitted over wired or wireless 

connections) and computer-readable storage media. Examples of computer-

readable storage media include, but are not limited to, a read only memory 

(ROM), a random access memory (RAM), a register, cache memory, 

semiconductor memory devices, magnetic media such as internal hard disks and 

removable disks, magneto-optical media, and optical media such as CD-ROM 

disks, and digital versatile disks (DVDs). A processor in association with 

software may be used to implement a radio frequency transceiver for use in a 

WTRU, UE, terminal, base station, RNC, or any host computer. 
k vt "k 
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What is claimed is-

1. A method for supporting positioning measurements, comprising: 

designating a base station cell as a reference cell; 

designating at least one other base station cell as a non-reference cell; and 

transmitting the reference cell information and each non-reference cell 

information to a wireless transmit/receive unit (WTRU) that makes the positioning 

measurements with respect to the reference cell and each non-reference cell, wherein the 

positioning measurements are used to determine the WTRU's position. 

2. The method of claim 1, wherein the reference cell is not a serving cell. 

3. The method of claim 1, further comprising: 

transmitting positioning reference signal (PRS) information for the reference cell 

to the WTRU on a condition that the reference cell supports PRS. 

4 The method of claim 3, wherein the PRS information includes PRS 

subframe allocation information. 

5. The method of claim 3, wherein lack of signaling of the PRS information 

equals non-support of PRS. 

6. The method of claim 1, wherein transmitting information for each non-

reference cell indicates that its transmission of a positioning reference signal is 

synchronized with the reference cell's transmission of a positioning reference signal. 

7. The method of claim 1, further comprising: 

transmitting at least one carrier frequency with respect to at least one inter-

frequency cell being used for the positioning measurements. 

8. The method of claim 7, wherein the at least one carrier frequency is 

provided as assistance data. 
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9. The method of claim 8, wherein assistance data is signaled via one of radio 

resource control or long term evolution positioning protocol signaling. 

10. The method of claim 7, wherein the at least one carrier frequency is 

identified using an evolved absolute radio frequency channel number (EARFCN). 

11. The method of claim 10, wherein the EARFCN is provided as assistance 

data. 

12. A method for supporting positioning measurements at a wireless device, 

comprising: 

receiving reference cell information from a network, wherein the reference cell 

corresponds to a base station cell; 

receiving at least one non-reference cell information, wherein each non-reference 

cell information corresponds to one other base station cell; and 

making positioning measurements using the reference cell information and the 

non-reference cell information, wherein the positioning measurements are used to 

determine position of the wireless device. 

13. The method of claim 12, further comprising: 

receiving positioning reference signal (PRS) information for a reference cell on a 

condition that the reference cell supports PRS. 

14. The method of claim 13, wherein the wireless device determines lack of 

positioning reference signal (PRS) support by the reference cell from lack of signaling of 

PRS information for the reference cell. 

15. A wireless device, comprising: 

a receiver configured to receive reference cell information from a network, 

wherein the reference cell corresponds to a base station cell," 

the receiver configured to receive at least one non-reference cell information, 

wherein each non-reference cell information corresponds to one other base station cell; 
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a processor in communication with the receiver; 

a transmitter in communication with the processor; and 

the transmitter and processor configured to make positioning measurements 

using the reference cell information and the non-reference cell information, wherein the 

positioning measurements are used to determine position of the wireless device. 
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