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THODS OF POSITIONING IN A SYSTEM COMPRISING MEASURING
NODES WITH MULTIPLE RECEIVING POINTS

RELATED APPLICATIONS
This application claims the benefit of and prority to ULS. Provisional
Application Serial No. 61/718,894, filed 26 October 2012, The entire contents of said

U5, Provisional Application are incorporated herein by reference.

TECHNICAL FIELD
The present disclosure refates generally to wireless communication networks
and 1 particular 1o networks and devices performing positioning of devices based on

measwements of radio transmissions.

BACKGROUND

The development of technologies to deternune the position of & maobile device
has enabled application developers and wireless getwork operators to provide location-
based and location-aware services. Examples of these are guiding systems, shopping
assistance, friend finder, presence services, community and communication services
and other information services that give the mobile user mformation about his or her
surroundings or that use this information 1o enhance their services,

In additton to the commercial services facuitated by these technologies,
location-based emergency services are glso being deployed.  The governments in
several countries have put speeific requirements on the network operators to be able to
determine the position of an emergency call. For instance, governmental requirements
m the United States specify that mobile networks must be able to determine the
posttion of a certain percentage of all emergency calls and further mnclude accuracy
requirentents. The requirements make no distinctions between indoor and outdoor
environments,

In many enviromments, the position can be accurately estimmated by osing
positioning methods based on Global Navigation Satellite Systems {GNSS), such as the
well-known Global Positioning Svstem (GPS). However, GPS-based positioning may

often have pnsatisfactory performance, especially m arban and/or indoor environments.
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Complenmtentary positioning methods may also be provided by a wireless
network to augment GPS technology,  In addition to mobile terminal-based GNSS
{including GPS), the following methods are currently available or will be soon be
included in the Long-Term Evolution (LTE) standards developed by the 3-Generation
Partership Project (3GPP):

» Cell 1D (CID),

. E-CID, including network-based angle~-of-arrival (AoA),
. Assisted~-GNSS (A-GNSS), including Assisted-GPES (A-GPS), based on satellite
signals,

. Observed Time Difference of Arrival (OTDOA),
. Uplink Time Difference of Arrival (LI'TDOA) —currently being standardized.

Several positioning techniques are based on time-difference~of-arrival {TDOA)
or time-of-arrival (TOA) measurements. Examples include OTDOA, UTDOA, GNSS,
and Assisted-GNSS (A-GNSS), A tvpical, though not the only, format for the
positioning resalt with these techmigues is an ellipsoid point with an uncertainty
circle/ellipsefellipsoid,  which 15 the result of  intersection  of wmultiple
hyperbolas‘hyperbolic arcs {e.g.. OTDOA or UTDOA} or circlesfarcs {e.g., UTDOA,
GNSS, or AXGNSS).

Several techniques, such as Adaptive Enhanced Cell Identity (AECID), may
mvolve a mux of any of the methods above, and are thus regarded as “hybnid”
positioning methods. With these methods, the position resalt can be almost any shape,
but in many cases it is likely to be a polygon.

Cellular-based posttioning methods {as opposed 10 satellite-based methods, for
example) rely on knowledge of anchor nodes” locations, e, the fixed locations from
which measured signals gre transmitted {e.g., for OTDOA) or the fixed locations at
which stgnals transmitted by mobile devices are measured (e.g., for UTDOA). These
fixed locations may correspond, for example, to base station or beacon device locations
for OTDOA, Location Measurement Unit {LMUY antenna locations for UTDOA, and
base station locations for E-CID. The anchor nodes™ locations may alse be used to

enhance AECH), hybrid positioning, etc.
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Positicning Architecturs

In 3GPP, location-based services are known as Location Services (LCS). Three
key network elements in an L'TE positioning architecture are the LCS Chent, the LCS
target and the LCS Server. The LCS Server is a physical or logical entity that manages
positiontng for a LCS target device by collecting measurements and other location
mformation, assists the target device m measurements when necessary, and estimating
the LCS target location. A LUS Client is a software-based and/or hardware entity that
mnteracts with a LOS Server for the purpose of obtaining location mformation for one or
more LCS targets, ie., the entities being positioned. LCS Clients may reside m a
network node, an external node {1L.e, a network external to a cellular network), a Public
Safety Access Point (PSAP), a user equipment {or “UE,” in 3GPP terminology for an
end-user wireless station), a radio base station {or “eNodeB.” m LTE systems), etc. In
some cases, the LCS Client may reside in the LCS target itself. An LCS Client (e.g., an
external LCS Chlent) sends a request to LCS Server (e.g., a positioning node} to obtain
location information. The LOS Server processes and services the received requests and
sends the positioning resolt {(sometimes including a velocnty estimate) to the LCS
Client.

In some cases, the position calculation is condocted by a positioning server,
such as an Enbanced Serving Mobile Location Center (E-SMLC) or a Secure User-
Plane Location (SUPL) Location Platform (SLP) i LTE. In other cases, the position
calculation s carried out by the UE. The latter approach is known as the Ul-based
positioning mode, while the former approach includes both network-based positioning,
te., position calculation m a network node based on measwrements collected from
network nodes such as LMUs or eNodeBs, and UE-assisted positioning, where the
position calculation in the posittioning network node is based on measurements received
from UE.

LTE Positioning Protocol {LPP) is a positioning protocol for control plane
signaling between a UE and an E-SMLC, which is used by the E-SMLC 10 provide
assistance data to the UE and by the UE for reporting measurements to the E-SMLC.
LPP has been designed in such a way that it can also be utilized ouside the control

plane domain such as in the user plane in the context of SUPL. LPP is currently used

for dovnhink positioning.
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LTE Positioning Protocol Aanex (LPPa), sometimes referred to as LTE
Positioning Protocol A, 15 a protocol between the eNodeB and the E-SMLC, and i
specified only for control-plane positioning procedures, although it still can assist user-
plane positioning by guerving eNodeBs for information.  For example, LPPa can be
used to retrieve nformation such as positiomng reference symbol {PRS) configuration
m a cell for OTDOA positioning, or UE sounding reference signal (SRS) configuration
for UTDOA positioning, and/or eNodeB measurements. LPPa may be ased for
downlink positioning and aplink posttioning.

Figure 1 illustrates the UTDOA architecture currenmtly under discussion in
AGPP, including nodes found in the Radio Access Network (RAN} and the core
network, as well as an external LCS Client,  Although uplink (UL) measurements may
m principle be performed by any radio network node, such as the tdlustrated LTE
eNodeB 110, the UL positioning architecture also includes specific UL measurement
anits, known as Location Measwement Units (LMUs), which are logical andfor
physical nodes that measure signals transmitted by a target UE, such as the UE 130
lostrated m Figare 1. Several LML deployment options are possible.  For example,
referring to Figure 1, LMU 120a is integrated into eNodeB 110, while LMU {20b
shares some equipment, e.g., at least antennas, with eNodeB 110, LMU 120¢, on the
other hand, 18 a standalone physical node comprising its own radio components and
antennals).

While the UTDOA architecture is pot finalized, there will likely be
comuuynication protocols established for communications between a LMU and
positioning node, and there may be some enhancements to support UL positioning
added to the existing LPPa or to similar protocols.

In LTE, UTDOA measurements, known as UL relative time-of-arrival (RTOA)
measurenents, are performed on Sounding Reterence Signals (SRS). To detect an SRS
signal, an LMU 120 needs a number of SRS parameters to generate an SRS sequence
that is correlated against the received signal. These parameters are not necessarily
known to LMU 120, Thus, to allow the LMU to generate the SRS sequence and detect
the SRS signals transmitted by a UL, SRS parameters must be provided in the
assistance data transmutied by the positioning node to LMU; these assistance data

would be provided via SLmAP. However, these parameters may generally be not
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known to the positioning node, which needs then to obtam this information from

eNodeB configuring the SRS to be transmitted by the UE gnd measured by LMU thig

information {e.g., SRS transmit configuration or the updated SRS configuration) would

have to be provided in LPPa.

Example parameters that may be signaled over LPPa from eNodeB to E-SMLC

for ULAUTDOA positioning may comprise, e.g., those parameters iastrated i Table 1,

below. Note that many of these parameters are described i the latest version of 3GPP

document 3GPP TS 36.211, available at www 3gpp.org.

Category Parameters
General PCT of PCell

UL-EARFON of PCell

Timing advance measurement for the UE 1 PCell
SRS For each serving cell in which SRS is configured:

- PCI

~ UL-EARFCN

- UL cychic prefix

- UL system bandwidth of the cell

- Cell-specific SRS bandwidth  configuration  sry-
BephwichthConyig

~ UE-~-specific SRS bandwidth configuration sys~-Bandwidih

- number of antenna ports for SRS transmission srs-dnsenaPort
- frequency domain position

- SRS frequency hopping bandwidth configuration

~ SRS-Cyclic shift

- Transimission comb

- SRS configaration index

- MaxUpPr, used for TDD only

~ Group-happing-enabled

N C Y .\"_3 - M o - W
- deltaSs, parameter 7 | included when SRS sequence hopping

15 used and not included otherwise

Table 1
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Example parameters that may be signaled over SLmAP from E-SMLC to LMU{s) may

comprise, 2.¢., those shown in Table 2, below. Agatn, many of these paraneters are

described in the latest version of 3GPP document 3GPP TS 36.211, available at

WWw,3gpp.org.

Category | Parameters

General Search window parameters:
expected propagation delay, T, corresponding to distance between
LML and PCell, delay uncertainty A

SRS For each serving cell in which SRS is configured and to be

measured by LMU
- PCl

- UL-EARFCN

- UL cyelic prefix
- UL system bandwidth of the cell

- Cell-specitic SRS bandwidth configoration srs-HandwidthConfig
- UE-specific SRS bandwidth configuration srs-Bandwidth

- number of antenna ports for SRS transmussion srs-Anfennalort

~ frequency domain position

- SRS frequency hopping bandwidth configuration

- SRS~Cyclic shift

- Transnussion comb

~ SRS configuration index

-~ MaxUpFr, used for TDD only

- Uroup-hopping-enabled

9 s

gt

- deltaSs, parameter T+ | included when SRS sequence hoppin

used and not included otherwise

Table 2

Measurements for UL positioning and UTDOA are performed on UL {ransmissions,

which may include, for example, reference signal transmissions or data channel

transpussions. UL RTOA is the currently standardized UTDOA timing measurement,

and may be performed on Sounding Reference Signals (SRS).  The results of the
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measprements are signaled by the measuring node (e g., LMU} 1o the positioning node
{e.q, E-SMLC), ez, over SLmAP.

Figure 2 illustrates the current architecture under discussion i 3GPP for
downlink (DL} positioning, again including nodes found in the Radio Access Network
{RAN) and the core network, as well as an external LCS Client. Tt wall be appreciated
that this architecture includes many of the same components found in the UL
positioning architecture iflustrated in Figare 1. Two additional components shown
Figare 2, however, are the Serving Gateway {$-GW) and the Packet Data Network
Gateway (PDN GW, or P-GW). These gatewavs terminate the UE’s interfaces towards
the E~-UTRAN network and the Packet Data Network (PDN), respectively,

LPP is currently used for downlink positioning. An LPP message may also include an
LPP extension packet data unit (EPDUY. Open Mobile Alliance (OMA) LPP
Extensions, defined as LPPe, take advantage of this possibility. Currently, LPP and
LPPe are used mainly for downlink postiioning, while LPPa may be used both for DL

and UL positioning.

Positioning resulf

A posittoning result is @ result of processing of obtained mwcasurements,
mchuding Cell IDs, power levels, recetved radio signal strengths or quality, etc. The
positioning result 5 often based on radio measurements {¢.g., HmMing MEASUICINCDLS
such as tmmg advance and RTT, or power-based measurements such as received
signal strength, or direction megsurements such as angle-of-ammval measurements)
received from measuring radio nodes {e.g., UE or eNodeB or LMU).

The positioning result may be exchanged among nodes in one of several pre-
defined formats. The signaled positioning result 1s represented in a pre-defined format,
e.g., corresponding to one of the seven Universal Geographical Area Descnption
{(GAD) shapes.

Currently, a positioning result may be signaled between:

» an LCS target, e.g., a UE, and an LCS server, e.g., over LPP protocal;
. two positioning nodes, e.g., an E-SMLC or SLP, eg. over a proprietary

tnterface;
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. a positioning server (such as an E-SMLC,} and other network nodes, e.g., a
Mebiliy Management Entity (MME), a Mobile Switching Center {MSC}, a Gateway
Mobile Location Center (GMLC), an Operations and Maintenance (O&M)} node, a
Self-Organizing Network (SON} node, andfor @ Minmnization of Drive Tests (MDT)
node:
. a posttioning node and an LOS Client, e.g., between an E-SMLC and a Public
Safety Access Pomt {(PSAP), or between an SLP and an External LCS Client, or
between an E-SMLC and a UE.

Note that in emergency positioning, the LOS Client mav reside in a PSAP.

The result for UL positioning 15 based at least on one UL measurements. UL
measwrements may also be nsed for hybrid positioning. UL measurements may be used

jointly with other measurements, to obtain the positioning result.

Uplink Positioning Measurements

As the name suggests, measurements for uplink positioning {e.g., UTDOA} are
performed on uplink transmissions, which may comprise, e.g., one or more of physical
signal or channel trapsmissions, e.g., reference signal transnussions, random access
channel transmissions, Physical Uplink Control Channel (PUCCH) transnussions, or
data channel transnuissions. Some examples of reference signals transnutted i LTE UL
are SRS and demodalation reference signals.

UL Relative Time of Awival (RTOA) is a cumently standardized UTDOA
timing measwement. The measorement may be performed on Sounding Reference
Signals (SRS). which may be configwred for penodic transmissions, typically
comprising multiple transmissions bat may  also be one transmission. SRS

trapsmissions may be triggered by any of the two trigger types:

. Trigger type O: Ingher layer signaling from eNodeB,
. Trigger type 1 vig downlink control channel signaling {DCI formats 0/4/1A for

FDD and TDD and DCI formats 2B2C for TDD).

Other example uplink measurements are the uplink measurements spectfied m
3GPP TS 36214 These meassurements include measurements of recefved signal
strength, recerved signal quality, angle-of~arrtval {AoA), eNodeB receive-to-transmit

{Rx-Tx)} timing, relative time-of-arrival (RTOA), and other measurements performed
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by radio network nodes {e.g., eNodeB or LMU). Other known measurements are UL
TDOA, UL TOA, UL propagation delay, etc.

Mubi-Antenna Systems

A multi-antenna system oay use one or more multi-antenna trausnut andior
multi-antenna receive technigues, such as Single-User Multiple-Input Maltiple-Qutput
{(SU-MIMO)Y  or multi-user MIMO (MU-MIMQO) techniques, transmit diversity,

-

receive  diversity, beam-forming, Antenna Array  Systems as cuwrrently being
standardized in 3GPP, multi-point communication (e.g., coordinated-multipoint, or
CoMP), distributed antenna systems (IDAS), ete. The antennas associated with a node
may be, e.g., co-located, quasi-collocated (e.g.. based on some channel properties such
delay spread, etc.), or non-collocated.

A multi-antenna systemy may alse deploy Remote Radio Units (RRUs) or
Remote Radio Heads (RRHs). An RRU is a single unit in which only the RF front-end
functionalities are implemented and which is connected to the remaining baseband
processing part {(Base Band Unit, or BBU) through a link {e.g., a fiber or wireless link}.
Depending on the finctionality split, an RRU may also comprise some baseband
tunctionahity. RRU may also be referred to as a RRH.

A multi-antenna system may also comprise a multi-carrier system operating on
multiple carrier frequencies or component carriers {CCs) andfor n different RF bands.
The multi-carnier system may use carrier aggregation (CA), as described below, where

different CCs may or may not be co-located.

Muhi-Carrier or Carvier Aggregation Congept

To enhance peak rates within a technology, so-called multi~carrier or carrier
aggregation solutions are known, Each carrier in multi-carvier or carrier aggregation
systemn is generally termed as a component carrier, or sometimes referred to as a cell. In
simple terms, the component carvier is an individual carrier in a multi-carrier system.
The term cartier aggregation is also referred to with the terms {c.g., wterchangeably
called) “multi-carrier system”, “mudti-cell operation”, “multi-carrier operation”, “multi-
carrier” transmission andfor reception. Carnier aggregation is used for transmission of

signaling and data in the pplink and dovwnhink directions. One of the component carriers
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is the primary component carrier {(PCCY or simply priumary carrier or even anchor
carrier. The remaining ones are called secondary component carriers (SCCs) or stmply
secondary carriers or even supplementary carriers. Generally the primary or anchor
component carier carries the essential UE specific signaling. The primary component

gation. The network

e

carrier exists in both uphink and downhnk direction in carrier aggre
may assign different primary carriers to different UEs operating i the same sector or
cell.

With carner aggregation, the UE has more than one serving cell mn downlink
andlfor in the uplink: one primary serving cell and one or more secondary serving cells
operating on the PCC and SCCs respectively. The serving cell i3 interchangeably called
the primary cell (PCell) or primary serving cell (PSC). Similarly, the secondary serving
cell is interchangeably called the secondary cell {SCell} or secondary serving cell
{S5CY. Regardiess of the terminology, the PCell and SCell(s) enable the UK to receive
andfor transmit data. More specifically the PCell and SCell exist m downlink and
uplink for the reception and transmission of data by the UE. The remaining non-serving
cells are called neighbor cells.

Component carriers belonging to the CA may belong to the same fregquency
band {intra-band carrier aggregation} or to differemt frequency hands (inter-band carner
aggregation} or any combination thereof (e.g., two component carriers in band A and
one component carvier in baad B). Furthermore, the component carniers m intra-band
carrier aggregation may be adpacent or nop-adiacent in the frequency domain {(infra-
band, non-adjacent carrier aggregation). A hybrid carrier aggregation comprising any
two of intra-band adjacent, mira-band non-adjacent and inter-band aggregations is also
possible. Using carrier aggregation between carriers of different technologies is also
referved to as “mult-RAT carrier aggregation”™ or “muolti-RAT-multi-carrier system”™ or
simply “inter-RAT carrier aggregation”. For example, carriers from WCDMA and LTE
mayv be aggregated. Another example is the aggregation of camers from LTE
Frequency-Division Duplex (FDD) and LTE Time-Division Duplexing (TDD) modes,
which may also be interchangeably called as muolii-duplex carrier aggregation system,
Yet another example i3 the aggregation of LTE and CDMAZ000 carriers. For the sake
of clarity, carrier aggregation within the same technology as described can be regarded

as ‘intra-RAT or simply “single RAT™ carnter aggregation.
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The component carviers in carrier aggregation may or may not be co-located
the same site or radio network node {e.g., 2 radio base station, relav, mobile relay, ete ).
For instance, the component carriers may originate at different locations {e.g.. from
non-co-located base stations, or from base stations and a remote radio head (RRH), or
at remote radio units (RRUs)). Well-known examples of combined carrier aggregation
and multi-point communication techniques include the Distributed Antenna System
{DAS), the Remote Radio Head (RRH), the Remote Radio Unit (RRU), and
Coordinated Multipoint {CoMP) transmission. The techniques described herein also
apply to multi-point carrier aggregation systems as well as to multi-point systems
withowt carrier aggregation. The nulti-carrier operation may also be used m
comjunction with multi-antenna transmission. For example signals on cach component
carrier may be transnutted by the eNodeB to the UE over two or more antennas.

The wide variety of deplovments and mulit-antenna schemes complicate the selection
of and configuration of positioning measurements.  Accordingly, unproved techniques

for selecting and configuring measurement nodes for positioning are needed.

SUMMARY

Particular tmplementations of the solutions detailed herein may address several
problems that occur in certain systems in which a measuring node is associated with
multiple antennas. In such systems, it may not be straightforward, ¢.g., how to select
and how to configure the set of receiving antennas suitable for performung UL
measyrements for g given wireless device, In particular, when multiple receive points

are associated with an LMUL it may not be straightforward:

» how to select LMU in the positioning node for a UE,
. which recetve point (e.g., antenna, antenna port, RRH. etc) to use for

performing measurements on UL radio signals transmitted by a UE.
Disclosed 1o detail below are a vartety of fechniques that mclude the following

{which may also be combined with each other):

» methods of deploying measuring nodes with multiple receiving pomts;
» methods for deterniming recewving points for perfornung UL measurement;
. search window adjustment m deployments with measuring nodes associated

with multiple receiving points; and
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» methods of managing measurements in deployments with measuring nodes with

multiple receiving points.

An example method, as implemented by a network node, is for controlling
measurements of radio signals transmitted by a wweless device, where the
measwements are performed by a measwring sode associated with two or more
recelving pomnts. This example method begms with obtaming a receiving point
configuration for at least one measuring node associated with two or more receiving
points, and continues with selecting one or more receiving pomts for performing
measwements, based on the obtained configuration. The selected receiving points are
then configared for performing the measurements. In some embodiments, this example
method may further comprise receiving measurements from the at least one measuring
node. In some embodiments, the selected receiving points comprise a subset of two or
more receving points associated with the same measuring node.  The selected
recelving points may be associated with the same or different focations.

A related method, suitable for implementation in a measuring node adapted 1o
measure radio signals transmitted by a wireless device, begins with obtaining recetving
point configuration for two or more non-colocated receiving pownts assoctated with the
measuring node.  The method continues with performing at least one measurement
using the obtained configuration.  In some embodiments, this example method
continues with sending the measurement to another node, ¢.g., 10 4 positioning node. In
some embodiments, performing the at least measurement comprises selectively
performing the measurement.  In several embodiments, the obtaining of the receiving
point configuration comprises receiving the receiving point configuration from another
node. In these or i any other embodiment, the receiving pomnt configuration may
comprise any one or more off a receiver radio-frequency (RF) characteristic; a
frequency or frequency range; a recelve bandwidih: a radio frequency (RF)
configuration parameter; an antenna configuration; an antenna patiern configuration;
an antenna polarization configuration; a radio beam configuration; an antenna array
configuration; a receiver type: a recetved signal measurement reference point; and
parameters associated with the location or installation of the receiving point.

Another related method, also switable for unplementation w a measurement

node adapted to measure radio signals transmitted by a wireless device, begins with



WO 2014/064656 PCT/IB2013/059670

14

ot
145

[
)

receiving search window information for performing measurements of radio signals
from g wireless device, The method continues with performing measurements for at
least two receiving points associated with the measurement node, using at least two
different search windows, based on the search window information. In some
embodiments, the search window information comprises a common reference search
window, in which case the method may further comprise adjusting the reference search
window to obtain the search window for at least measurements associated with one of
the recetving points.  In some of these embodiments, the common reference search
window is based on a location for the measurement node, and adjusting the reference
search window i3 based on the receiving point location. In some embodinents,
receiving search window information comprises recetving search window parsmeters
for each of the at least two receiving points, and the method further comprises
determining the search window for each of the at least two receiving points based on
the received search window parameters. In some methods, search windows for the at
least two receiving points are based on owpe or more mobility parameters for the
wireless device.

Yet another related method, this one suitable for mmplementation in a first
network node, beging with obtaining measurements for two or more receiving points
associated with one or more measuring nodes, wherein at least one of the measuring
nedes is gssociated with two or more of the receiving points,  Next, measurement
identifiers are assigned 10 the measuraments, based on a rule relating measurements and
receving potats, where gach measurement dentifier corresponds to one or more
receiving points.  PFmally, the measurements and the corresponding measwrement
identifiers are forwarded to 8 second network node. In some enthodiments, the method
may further comprise fivst recetving a measurement request, the measurement request
identifving the two or more receiving points using corresponding measurement
tdentifiers.

Apparatus configured to carry out one or more of the methods summarized
above andior vanants thereof are also descnibed in detad below. These apparatus
include measurement nodes and other network nodes. Of course, the present invention
is not limited to the above-summarized methods, apparatus, features, and advantages.

Indeed, those skilled i the art will recognize additional featwres and advantages upon
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reading the following detaled description, and uwpon viewing the accompanying

drawings,

BRIEF DESCRIPTION OF THE DRAWINGS

5 Figore 1 illustrates several nodes in an example network contigured accordmg

to the LTE positioning architecture for uplink positioning.

Figure 2 illustrates several nodes in an example network configured according

to the LTE positioning architecture for downhink positioning.

Figures 3A, 3B, 3C, and 3D illustrate various network deplovment options for a

16 measuring node associated with multiple recetving points.

Figures 4A, 4B, 4C, 4D, and 4E Hlustrate examples of control units controlling

multiple receiving point configurations.

Figure 5 illustrates components of an example mobile terminal (UE) according

to some embodiments.

15 Figure 6 dinstrates components of an example radin network node.
Figure 7 15 a block diagram showing components of an example network node.
Figure 8 i3 a process flow diagram illustrating an example method for
controtling measurements.
Figures 9, 10, and 11 are process flow diagrams tHustrating related methods.
20
DETAILED DESCRIPTION
While termunology from 3GPP LTE 15 used m this disclosure to exemplity the
mvention, this should not be seen as hmiting the scope of the wvention to LTE svstems
or systems using the LTE Radio Access Technology (RAT). Other wireless systems,
25 inclading those based on WCDMA, WiMAX, UMB and GSM, may also benefit from

exploiting the ideas covered within this disclosure. Furthermore, the inventive

techiiques disclosed herein are not Hmuted to single-RAT systems, but may also be

applied i the multi-RAT context. Some other RAT examples are LTE-Advanced,

UMTS, HSPA, GSM, odma2000, WiMAX, and WiFi, The embodiments described

3¢ herein apply also for single-carrier, multi-carnier, and carrier-agpregation networks.

gt
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Stll further, the techniques and apparatus deseribed herein may be considered
as standalone embodiments oy may be used in any combination with each other, unless
their descriptions hevein clearly indicate otherwise.

The terms “wireless device” and “UE” are used interchangeably in the
desceiption that follows., A UE may comprise any device equipped with a radio
mterface and capable of at least generating and transmitting a radie signal 0 a radio
network node.  Note that some radio network nodes, e.g., a femto base station, or
“home base station,” and LMUx, may be equipped with a Uli-like mterface, and m
some cases may need to be posttioned in the same mamner as UEs are positioned.
Examples of UEs that are to be wdersiood in a general sense are wireless PDAs,
wireless~equipped laptop computers, mobile telephones, wireless sensors, fixed relay
nodes, mobile relay nodes, and any radio network pode equipped with a UBE-like
interface {e.g., small RBS, eNodeB, femto BS).

A “radio node”™ is characterized by its ability to trapsmit and/or receive radio
signals, and comprises at least a transmitting or receiving antenna. A radio node may
be a UE or a radio network node. Some examples of radio nodes are a radio base
station {e.g., eNodeB in LTE or NodeB in UTRAN), a relay, a mobile relay, a remote
radio wat (RRU), a remote radio head (RRH}, a wireless sensor, a beacon device, a
measurement unit capable of transmutting downdink signals {eg, LMUs), a user
terminal, a wircless PDA, a mobile ielephone, a smartphone, a wireless-equipped
laptop, etc.

A “radio network node” is a radio node in a radio communications network ard
ts typically characterized by baving its own network address. For example, a mobile
device in a cellular network may have no anetwork address, but a wireless devige
mvelved i an ad hoc network is fikely to bave a network address. A radio node may
be capable of operating or recetving radio signals or transmitting radio signals m one or
more frequencies, and may operate in single-RAT, multi-RAT or muulti-standard mode
{for example, a dual-mode user equipruent may operate with any one or combination of
WiFi and LTE or HSPA and LTE/LTE-A). A radio network node, including eNodeB,
RRH, RRU, LMU, or ransmitting-onty/receiving-only nodes, may or may not create
own cell. It may also share a cell with another radio node which creates own cell

More than one cell may be associated with one radio node.  Further, one or more
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serving cells (in DL andfor UL) may be configured for a UE, eg., v a camier
aggregation systeny where a UE may have one Primary Cell {(PCell} and one or more
Secondary Cells (SCells). A cell may also be a virtual cell, e.g., characterized by a cell
ID but not providing a full cell-like service, associated with a transmit node.

A “network node™ may be a radio network node or a core network node. Some
non-tiniting examples of a network node are an eNedeB, a Radio Network Controller
{RNC), a positioning node, an MME, a PSAP, a SON node, an MDT node, and an
O&M node. A “coordinating node,” as described below, may be but is not necessarily
a network node.

A “positionmg node” as described in several embodiments herein 15 a node that
lras positioning functionality.  For example, for LTE it may be understood as a
positioning platform in the user plane {e.g.. SLP in LTE) or a positioning node in the
control plane {e.g., E-SMLC 1n LTE). Ao SLP may also consist of a SUPL Location
Center (SL) and a SUPL Positioning Center {SPC), where the SPC may also have a
proprietary interface with E-SMLC. Positioning fimctionality may also be sphit among
two or more nodes. For example, there may be a gateway node between LMUs and E-
SMLC, where the gateway node may be a radio base station or another network node;
tn this case, the term “positioning node™ may relate 1o E-SMLC and the gateway node.
In a testing environment, a positioning node may be simulated or emulated by test
equipment.  The term “positioning node” may also be used, at least w some
embodiments, interchangeably with the term “positioning server™. A positioning server
or positioning node may also be configured in a wireless device, e.g., it may or may not
be a network node.

A “measuring node” is a radio node performing positioning measnrements, and
may be a wireless device or a radio network node {e.g., an LMU or eNodeB). Downlink
measurements are tvpically measorements performed by a wirelesy device on at least
signalsichannels transmitted by one radio network node. Uphnk measurements are
typically measurements performed by a radio network node on at least signalsichannels
transmutted by one or more wiveless devices. There are also measurements that include
both uphink and downlink measurement components, eg., Rx-Tx or RTT. In some
uplink measurements, typically, the measurement 1s performed by a radio network node

on signals/chanpels transmitted by wireless device as well as by the network node
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itself. Some examples of uplink positioning measurements, or radic measurements that
may be used for posttioning, are timing meagsurements (e.g., TDOA, TOA, timing
advance Type 1 and tming advance Type 2, RTT measured by a radio network node,
UL RTOA defined for UTDOA, UL propagation delay, etc.}), angle measurements (e.g.,
AoA), received signal strength and received signal quality measurements. Sowe of
these measurements are defined in 3GPP TS 36.214, the latest version of which may be
found at www. 3gpp.org. Uplink measurements may also include measurements that
have at least one uplink measurement component, e.g., the uphink measorement
component of a two-directional measurement. An example network node that may be
ased to unplement a measaring node m certam networks providing the proposed
solution is described in greater detail below,

The term “coordinating node” as used herein 18 a network andfor node that
coordinates radio resources amwong ope or more radio nodes.  Examples of a
coordinating node are a network monitoring and configwration node, an O8S node, an
O&M node, an MDT aode, a SON node, a positioning node, an MME, a gateway node
such as Packet Data Network Gateway (P-GW) or Serving Gateway (S-GW) network
node or femto gateway node, a macro node coordinating saaller radio nodes associated
with 1t, an eNodeB coordinating resources with other eNodeBs, etc. An example
network node that may be used to implement a coordinating node m certain networks
providing the proposed solution is described in greater detail below,

The signaling described below 1 connection with various emtbodiments of the
tnvention 1s either via direct links or logical links {e.g., via higher laver protocols
and/or via one or more network andfor radio nodes). For example, signaling from a
coordinating node may pass through another network node, ¢.2., a radio netwark node.
The term “sabirame™ as used m the description hevemn (typically related to LTE) 15 an
example resonrce n the time domain, and in general it may be any pre-defined tume
instance or time period.  The term “measurement” as used herem may refer to a
measurement process or to the result of that measuremert process. In some cases, the
term “measuremnent value” s used to refer to the result of a measorement process.
Simtlarly, the term “compensation” may refer to a compensating process of to a value

used in compensating some other value, 1.e., a “compensation value”
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For the purposes of providing background and description of related technigues
and apparatus, Interpational Patent Application Serial No. PCT/SE2012/051364, filed
10 December 2012, and Imermational Patent  Application  Serial  No.
PCT/SE2013/050490, filed 3 May 2013, are sach mcorporated herein by reference in
their entivety. Additionally. the 3GPP standard documents 3GPP TS 36211, “Evolved
Universal Terrestrial Radio Access (E-UTRA); Physical Channels and Meodulation,”
V11.0.0, September 2012 and 3GPP TS 36.214, “Evolved Universal Terrestrial Radio
Access (E-UTRA); Physical Layer; Measurements,” V11.0.0, September 2012 are both
incorporated by reference in their entirety, again for the purpose of providing
background and context for the present disclosure, and in particalar for the purposes of

defining many of the signal names, parameter names, and the like, as used herein.

Measuring node selection for UL positioning

In ULAUTTDOA positioning, E-SMLC selects assisting radio network nodes
{e.g.. LMUs in LTE) that will perform radio measurements on UL radic signals
transmitted by the UE. The selected measuring nodes are provided {e.g., over SLmAP)
with the assistance data necessary for the measuring nodes to configure and perform the
measurements, where the assistance data may compnse general data and the
configuration of the transmitted UL radio signal. When the UL radio signal
configuration changes during the on-going measurement reporting transaction between
the E-SMLC and LMU, the E-SMLC may send the updated configuration to the
measuring node.

The positioning node receives the LMU information, which may also include
the LMU location mformation, g, from LMU or an O&M node. Hence, the LMU
selection may be based, e.g.. on the LMU location information. However, the LMU
location may or may not accurately reflect the location of the receiving antenns, e.g.,
when the antenpa is remote from the messunng node. Forther, an LMU may be
associated with multiple antennas, which, again, may or may not have exactly the same
tocation as LMU and which may or may not even be co-located with each other, or
which may have different coverage or serving areas {e.g., an LMU integrated into

eNodeB with multi-sector and/or distributed antennas).
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Particular tmplementations of the solutions detailed herein may address several
problems that occur in centain svstenms i which g measuring nede s associated with
multiple antennas. In such systems. it may not be straightforward, e.g.. how to select
and how to configure the set of receiving antennas suitable for performung UL
measurements for a given wireless device.

In particular, when multiple recerve points are associated with an LMU, it may

not be straightforward:

. how to select an LML in the positioning node for a UE,
» which receive point {e.g. antenna, antenna port, RRH, ete) to use for

performiung measurements on UL radio signals transmitted by a UE.

In the discussion that follows, several related techniques are discussed. For
convenience, these are categorized into several groups, designated “Group 1.7 “Group
27 ete. While these categorizations are usetul for the purposes of describing the
techniques, it should be understood that techniques from different categories may be
combined and used with one another, unless the discussion below or the specifics of the
techniques clearly indicate otherwise. Likewise, it should be understood that when
vartations of a given techmgque are described in the following discussion, the same or
simidar vartations can generally be apphied to similar or related technignes, whether or

not those similar or related techniques fall in the same descriptive category used below,

Giroup 1 Techniques: Methods of Deploving Measuring Nodes with Muluple Receiving

According to several techniques in this category, a first node {e.g., 8 measuring
node, LMU, eNodeB, posiioning node, SON, coordinating node, or O&M node)
obtains a receiving point configuration for performing, by a measuring node, at least
one UL measurement for positioning a wireless device.  These technigues are
particularly relevant when, for example, moltiple receiving points may be associated
with the measuring node {e.g., LMU, eNodeB, AP). Note that as used herein, the tenm

“recetving point” may refer 10 any one or more off

. a receiving antenng;
» a recetving antenna element;

» a receving antenna port {physical or logical) or recerver port;
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. a recetving antenna panel;
. an antenna system;
. an antenna arey;
» an clement receiving a radio signal wa DAY
» a recerving point in a CoMP system;
. a point receiving a radio wave transmitted by the wireless device;
. a network element associated with receiving the radio signal;
» a radio network node {e.g.. eNodeB, RBS, WLAN access point, relay, femto

BS, RRH, RRU.etc.} or another wireless device recewving the radio signal {e.g, in a
multi-hop radio networky
. a receiving chain of network elements or node elements vig which the received

radio signal characteristics are delivered to the radio signal processing unit;

. a reference potat for the received signal measurement; and
. a location or an mstallation point associated with receiving the radio signal.

In particular embodiments, the obtained recetving pomnt configuration may be
received from another node, read from memory {e.g.. a local memory element
accessible by the first node), and/or obtained by the first node in any other suitable
manner. Thos, m certain embodiments, obtamng the receiving point configuration
may, for example, imvolve the first node receiving a recetving pomt configuration from
a second node or retrieving a stored recewing point configuration from memory.
Obtaining the receiving point configuration may inchude, for example, obtaining one or
a set of the receiving points (or their identifiers) to be used for performing the UL
measurements. Obtaining the set of receiving points may comprise obtaining the set of
all recerving points that are associated with a measuring sode (e.g., for any wireless
device or a specitic type of wireless devices), or a selected one or more receiving points
from the set of all available receiving points. There may also be a measuring node
capability indicating whether the measuring node 15 capable of supporting more than
one receving point, and the capability may be signaled to another node (e.g., to the
positioning node) upon an event, triggering condition, or a request from this node.
Depending on this capability, the other node may, for examiple, accordingly select a
subset of the receiving poiats relevant for a specific positioning session or may decide

Measurement IDs.  In some embodiments of the presently disclosed fechniques,



WO 2014/064656 PCT/IB2013/059670

14

oy
(2

obtaining a set of receiving points awy comprise obtaining the number of receiving
points associgted with a measuring node andior obtaining idemtifications of the
receiving points in the set.

Obtaining the receiving point configuration may alternatively or additionally
tnclude, for example, obtaining one or more of configuration parameters associated
with a receiving pomnt, where the parameters determine at least one received radio
signal characteristics or characteristic of the channel over which the signal is received
{e.g., phase, amphitude, received power, recetved energy, received signal quality,
propagation delay or tining of the received signal, propagation path, nwltipath profile,

etc.). Some examples of the recewving point configuration parameters are:

e

» receiver RF characteristic (e.g., such as is defined in the 3GPP docament 3GPP

TS 36.104, available at www.3gpp.org);

» frequency or frequency range,;
. receive bandwidth;
. radio frequency (RF)Y configuration parameter, £.g., a parameter associated with

receiver sensitivity, signal splitting, amplification, isolation, efc.;

. antenna configuration (e.g., mechanical tilt, electrical 6ilt, azimuth, anlenna
gainy;

] antenna pattern configuration;

. antenna polarization configuration;

» radio beam configwation {e.g.. gam, width, horizontal direction, vertical

direction, multi-beam configuration);

» antenna array configuration;
» recetver type (e.g., depending on how weak the signal is expected to be,
whether interference handling such as mterference cancellation/suppression/rejection i3

needed or not, etc.);

» received signal measurement reference point {e.g., whether the reference pownt
1s configurable); and

» parameters associated with the location or installation of the receiving point
{e.g., a height that may be adjustable).
In some embodiments, the obtaining of a set of the receiving points (or thewr

identifiers) to be usad for performing the UL measurements and the obtaming of one or
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more of configuration parameters assoctated with 3 recetving point may both be
performed. In some cases, these nway be perfonmed in two (or more) steps, by a single
or multiple nodes. In some embodiments, the result of the first obtaining may be stored
and/or signaled to a different node implementing the second obtaining operation,

A radio signal transmitted by the wireless device being positioned 1§ recetved
by one or more of the receiving points, after which the received radio signal andéor
received radio signal characteristics are shared with/communicated to the measuring
node {e.g.. via one or more radio hinks and/or cables; directly or via another node or
unit, e.g., via a gateway or Antenna Sharing Unit, ASU). The measuring node then
performs one or more UL measurements based at least on the received radio signal
andfor its characteristics.

Some examples of network deployments compnsing 8 measuring node
associated with multiple receiving points are illustrated in Figures 3A, 3B, 3C, and 3D.
Figure 3A llustrates an indoor system with distributed antennas, or an indoor system
with wireless local-area network (WLAN) access peints.  The multiple antennas or
access points provide multiple receiving points that are connected to a measuring node
{e.g., an LML, either directly, or throngh one or more other nodes. In the example
deployment shown in Figore 3B, a measuring node {e.g., an LMU) is co-sited with an
eNodeB or integrated into an eNodeB, which has a three-sectored antenna system with
divectional antennas. Thus, three receiving points (the three sectors of the antenna) are
associated with a single measunng node. As can be seen in Figure 3B, a UE that is
being positioned may be served by another eNodeB, in addition 1o or instead of the one
taking the measuwrements.

In Figure 3C, a measuring node (e.g., an LMU) is sharing antennas with
multiple radio base stations (eNodeBs), and 18 also connected to some radio base
stations via a gateway. Finally, in Figure 3D, a standalone measuring node {e.g.. an
EMUY has #s own antenna, but 1s also connected to another eNode with which 1t 13
sharing antennas as well.

As can be seen from these figures, when a measunng node 15 assoctated with
multiple receive points (or, interchangeably, nmultiple receive points are associated with
a measuring node) it may not be optimal to alwayvs use all the associated receive points

for performing UL measurements for a given UE.
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A recelving pomnt configuration for a plurality of receiving points may be
cbtained andior used by anv of several nodes. Example operations that may be carried
out in a node include obtaining the receiving point configuration, e.g.. any one of more
of:

* deternuning, caleulating, identifying, or selecting from a determined set, e.g.,
based on the result of an earlier obtaining of a set of available recetver pomts, or from a
pre-defined set;

. deciding which receiving points to use or their configurations based on one or
more input parameters or conditions;

. acquiring the recetving point configuration {e.g., from internal or external

memory, a table, a database, in response to requesting from another node, such as a
posittontug node, Q&M node, ete.};

» recetving the receiving poim configoration from another node.

Other example operations wnclude using the obtaned recetving point configoration, e.g.,
any one or more of:

. selecting the receving points andior the measuring nodes for an uphnk
measurement, based on the obtained receiving point configuration. In one example, the
set of measuring nodes is selected prior to obtaining the recetving point configuration
andfor prior selecting the recetving points. In In another example, the set of measuring
nodes (e.g., assisting LMUs for a certain UE) 1s selected after obtaming the receiving
point configaration and/or after selecting the recetving points.

. sending data based on the receiving point configuration to at least one second
node (e.g., a measuring node, a node controlling receiving point configuration such as
eNodeB or DAS management node, another positioning node, a SON pode, a MDT
node, an O&M node}. The data may be assistance data, e.g., comprising uphink
transmit signal configuration, sent to the measoring node, for example. The data may
bie the set of the determined receiving points associated with an area (e.g., serving cell,
cell sector, efc.) of the wireless device's approximate {ocation; these data may be sent
from the serving eNodeB to the positioning node (e.g., via LPPa}, for example, together
with the SRS transmit signal configuration for the wireless device. The data, which
may be used the node that receives the data to perform uplmk measurements or to

configure radio equipment, may comprise the determuned receiving point configuration,
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e.z., the set of determined receiving points andior configuration parameter(s) for the
deterniined receving point(s), which may be associated with one or more megsuring
nodes.  For example, a positioning node may signal the data to an LM {eg, via
SLmAP), or a positioning node may signal the data to an eNodeB (e.g., over LPPa) that
is sharing antennas with LMUs.

» configuring the determined receiving pomnts for receiving radio signals
transmitted by a wireless device to be positioned. For example, the relevant node may
configure the receiving points by setting one or more parameters of a receiving poimt
configuration for the relevani receiving points {e.g., by transmitting mmformation
indicative of the configuration parameter(s) to the recerving points, or {0 a measwing
node or other node associated with those receiving poims) to facilitate receipt andior
processing of the radio signals to be transmitted by the wireless device i question.

» obtamming andfor using the received radio signal, received radio sigoal
characteristics or samples selectively {e.g., in the measuring node) only from the
receiving potnts comprised in the determined set of the receiving points gnd using them
i a processing unit for obtaining the uplink measurements.

. using uplink measyrements sclectively (e.g., m the measuring node or
posttioning node), e.g., only from the receiving points comprised in the determined set
of the receving poings, and using them for position caleulation for the wireless device.
The obtained receiving point configuration may also be stored, e.g., i a database or
mternal or external memory, and used later for positioning {e.g., for pesitioning of
other wireless device) or for other purposes, such as Radio Resowce Management
{RRM), Self-Orgamzaing Network (SON) management, mininmization of dnive testing
{MDT), network management, cell planning or optinnzation.

The functionality above may be tmplemented in one or more control units, e.g.,
as depicted in Figares 4A-4E, winch illustrate examples of control units controlling
nudtiple recetving point configurations.  These control units may implement one or
more of the steps above. They may represent a functional block, a processor configured
with appropriate software, a hardware unit, or a mix of software-based and hardware-
based processmg. In some examples, the contrel block may comprise an Antenna
Sharing Upit (ASU) wsed for co-siting LMU and RBS solutions.  In particular

embodiments, this control unit may represent a processor (e.g., & general processor,
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digital signal processor (DSP), application specific infegrated circuit (ASIC)) or other
electronic circutiry configured to perform the described functionality, The physical
components of the control unit may be located 1 a single node or may be distributed

over multiple nodes of the network.

Groun 2 Techmigues: Methods for Determining Receiving Polnts for Perfonmng

Uplink Measurements

Various techniques described below may be used to determine, 1o, identify or
select, the particular receiving points to be used for performing one or more uplink
measurements.  Determining one or a set of receiving points for performing aplink

measurements may be based, e.g., on:

. a pre-defined rule (e.g., one receiving point from one location or per small
areay;
. a pre-configured or dynamically configured relation structures {see Approach 1,

described below});

. measurement performance statistics (see Approach 2, described below);
» positicning performance statistics {see Approach 3, described below); or
) any combination of the above.

Depending on the positioning method and positioning measurement type, one or

more receiving points may be involved in the uplink measurements.

Approach 1 Determining based on serving cell information

The serving node or serving cell for a mobile terminal (UE, m 3GPP
terminology) 1s typically known when positioming session starts. This knowledge may
be exploited for determining the set of receiving points.

According to this approach, to determuine a set of receiving points, a node
{which may be the same node that obtained a sef of raceiving pomts according to the
Group 1 techniques described above) may use a relationship between the serving node
or cell wdentification of the wireless device being positioned and a ist of associated
receiving points. The list may be in an order of preference, for example, or with
assigned priorities for the receiving points. The order of preference or prionties may be

exploited when fewer recetving potnts may be necessary for positioning some wireless



WO 2014/064656 PCT/IB2013/059670

1

[
)

103

¥

145

device. Thus, for example, the N “best” receiving points (g.g., the first N receiving
points m the Hst) may be selected. The hist and recetving point priorities may also
depend, for example, on the type of wireless device to be positioned, which may be
different, en., depending on the wireless device transmission capability. Thus, for
example. the Hst of selected or candidate receiving points may be longer for wireless
devices having a maximum output power of 33 dBm than for wireless devices having a
maximum output power of 23 dBm.  As another example, the list and receiving point
priorities may depend on the target positioning QoS (e.g., uncertainty and confidence)
The relationship between the serving nede or cell identification of the wireless device
being positioned and the list of associated receiving points may have any of a variety of
structures or forms, such as a table or set of lists {e.g., one list for each serving
cellinode).  The relationship structures may be different for different positioming
measurement type or posttioning methods.

The node may baidd and mamtain the relationships, e.g., adding or removing
receiving points from a list associated with a cell. Adding or removing receiving points
from a particular relationship may be based on any of several reasons, such as based on
measurement quality statistics (see Approach 2, below} or positioning accuracy {see
Approach 3, below). The node may obtain from another node (e.g., 8 neighbor node,
an MME, an O&M node, a SON node, a positioning node, etc.) the list of receiving
points for at least one cellfnede, or may acquire the relationships from gn irernal or
external database, memory, computer readable medium, efc. In some embodmments, the
node may signal the relationship(s) to another node, e.g., via X2, LPPa, SLmAP, etc.

fw

Approach 2: Determining based on measurement performance statistics

According to this embodiment, a node {which may be the same node that
obtained a set of receiving points according to the Group | techniques described above)
uses measurement performance statistics to determine the receiving poini(s) to be used
for the UL measurement, while taking into account information indicative of an
approximate location of the wireless device being positioned, e.g., any one or more of:
. a serving or neighbor radio network node or cell identification (e.g., serving cell
ECGI or serving cell PCI and EARFCN)

. a geographical area indication {2.g., street, area name, floor, or area index)
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. a logical area indication {e.g.. local area identification, tracking area, cell or
Sector)

The statistics may be obtained from another node, acquired from a database,
mnternal or external memory or computer readable medium,  These messurement
performance statistics may represent any suitable information indicating a quality of the
relevant measurement, or any other suitable mdication of how well the measurement
was performed.  For example, i particular embodupems, the measurement
performance statistics may represent a Ul RTOA measurement quality metric
mdicating a quality of certam associated UL RTOA measurements based on a standard
deviation of the measurements.

When there are not sufficient statistics, all receiving poimis associated with a
measuring node may be selected for the uplink measurements, in some embaodiments.
The measurement performance statistic (2.g.. UL RTOA messurement quality metric)
may then be stored in a database, with or without statistical processing {e.g., grouping,
averaging, etc.). An example record in the database may be formatted, for example, as
follows:
<receiving point ID; UL measurement quality; serving cell ECGH jother
parameters}>

Other parameters may further detail the wireless device location, e.g., any one
ot more of!

. a distance to a cell or & measurement {or measurement range) indicative of the
distance to the cell, e.g., a timing measurement {TA, eNodeB Rx-Tx, RTT, TQA)or a

ad

signal strength measurement;

» neighbor cell or radio nodes dentifiers;

. a direction measurement of a measurement range, e.¢., angle-of-arrival {AoA )

. an environment tvpe, e.g., indoor or outdoor;

. a UE transnut capability or power class; and

* a UE speed (2.g., a highway may indicate that the UE 1s possible in one cell but

not in the other one).
The parameters above may be obtained from one or more different sources {e.g.,

measured by the wireless device, measured by eNodeB, recetved from another network

node or from a wireless device), depending on what is the node. For example, if the
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node ¥8 a positioning node, the other parameters/measurement may be received from
the wireless device and’or an eNeodeB. In another example, when the node is the
measuring node {e.g.. LML), the other available parameters'measwrements for the
wireless device being positioned may be received from the positioning node via
SEmAP in a request for UL measurements. The parameters above may also be
additionally used in Approach 1.

(iven the available measurement performance statistics, a receiving point may
be included in the selected hist, in some emboduments, if the average or percentile of the
uplink measurement quality for wireless devices in the same area or in similar
conditions is above a threshold. The performance statistics may be collected and the
evaluation may be performed during a traiming phase, based on drive tests, or
dvnamically 1 a real life network. Note that a similar approach may also be gsed to

create the relationship Hists in Approach |

Apoproach 3: Determining based on positiching performance statistics

According to this approach, a node may determine/select receiving points based
on positioning performance statistics. For example, positioning performance stafistics
may be collected for each list of receiving points associated with an areg (see, e.g., the
relationship structures 1 Approach i, above). These positioning performance statistics
may represent any suitable mformation indicating a level of success or failure for
postiioning attempts performed using the relevant receiving point{s); a quality meinic
for positioning attempts involving these recerving point(s); and/or any other indication
of the results of postioning attempts involving the relevant receiving pomt(s).
Specific examples of such positioning performance statistics include, but are not
limited {0, an average or percentile accwacy, a measure of positioning errors (e.g., rate,
magnitude), and a success rate on positioning attempts mvolving the relevant receiving
point{s). Different sets may be evaluated for the same area, and the best set (based on
the achieved positioning performance statistics, e.g., average or percentile accuracy,
positioning errors, etc.) may be selected or prionitized. The performance statistics may
be collected and the evaluation may be performed during a traming phase, based on
drive tests, or dynamically 1 a veal hife network. Again, a similar approach may also

be used to create the relation lists in Approach 1.
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Group 3 Technigues: Search Window Adjustment i Deployvments with Measuring

Nodes Agsociated with Mulsiple Recetvine Potnus

To reduce the receiver complexity and resource consumption, a search window
may be configured for the uplink positioning measurements. For example, currently an
LMU may be provided with a search window in a measwement request via SLmAP by
the positioning node. In one examiple, the search window parameters may be described
by an expected propagation delay (search window center) and an uncentainty {search
window size), where the former may be indicative of the distance between the recerving
point and serving eNodeB and the latter may correspond to the distance between the
UE and the serving eNodeB, which may be determined, for example, by a timmng
advance {TA) measurement,

When multiple receiving points are associated with the measuring node, the
same search window may be not applicable for all receiving points. When the search
window is mcorrectly configured, a radio signal may be missed or the measuwrement
may be mcorrect, e.g., when the peak falls outside the search window. To selve this
problem, the search window may need to be adjusted for some receiving points. Either
or both of two approaches, described as “Approach A” and “Approach B,” may be
nsed, 1 vartoos embodiments.

Approach A mmvolves compensation at the measuring receiver. A common
reference search window is provided to the measuring node, and the measuring node or
the receiver applies a compensation to the szarch window, when needed, for a piven
receiving point when performing the measurement using this receiving point. The
reference search window may be associated with a reference location, e.g.. measuring
nade focation,

In Approach B, compensation is performed by another node. In this approach, a
measuring node recetves from another node {e.g., a positioning node) search window
parameters that enable calculation of the different search windows corresponding to the
different receiving points. The search window parameters may comyprise, for example,
at least two different search window configurations or at least one compensation factor
that is to be applied to derive a different search window for a different receiving point.

To correctly apply the compensation or derive different search windows, the other node
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needs to be aware not only of the measuring node location {which may be the reference
tocation} but also of the receiving point location.

In both approaches, the compensation may be pre-configured, stored in a
memory or received from another node. The compensation may be the same for co-
tocated recetving points; there may be no compensation or zero compensation when the
receiving pomt location is the reference location. The compensation may depend on
{and be calculated based on) the distance between the recetving point and the reference
location andfor cable length, for example. The receiving points may be obtained and
koown to the measuring node, e.g., by applying techniques from Groups 1 and 2, as
described above.

In some embodinents, the amount of compensation may be further adjusted
accounting for the wireless device mobility, e.g., based on any one or more of: velocity

vegtor, speed, or moving direction.

Group 4 Technigues: Methods of Manasing Measuremenis in_Denlovments _with

Measuring Nodes with Multiple Receiving Points

According to techaigues in this group, to enable using multiple receiving points
associated with the same measuring node, different measurement wdentifications (e.¢.,
Measurement IDs) are assigned to measuraments that correspond to different receiving
points (antenna sectors, RRH, or antenna branches) associated with the same measuning
node (e.g., LMUY In this way, different samples of received signals for the same
wireless device uphink transnussion may be managed m the measuring node and used to
obtain different measurements, which can then be reported to the posittoning node {2.g.,
via SLmAP). The Measurement ID may be UE-specific or per group of UEs. One or
more dedicated Measuwrement IDs may also be reserved or pre-configured for specific
location service, UL measurement type, specific UE type or Client Type, specific
measurement configuration, or a specific UL transmission type or configuration. In
some embodiments, the set of Measurement IDs may be reused in different frequencies
andfor different RATs,

Measurement IDs may then be associated or mapped in a pre-defined or in a
configarable way withito different receiver points or the corresponding ports of an

antenna sharing anit (ASU)
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Techniques in this Group 4 may be combined in different ways with techniques
from Groups 1-3. In one such combined embodivment, the mapping of the Measurement
1D 1o a receiving point may be done afier obtaining the receiving point configuration
{e.g., the set of receiving points) in the node performing the obtaining step {e.g.,
according to the techoiques in Groups 1 andior 2). The mapping may be pre-defined,
configurable or obtamed from another node. The mapping may be the same or different
for different measuring nodes or it may be site~-specific. A pre-defined Measarement ID
range may exist. The set of Measurement 1Ds may also be a function of the number of
receiving points associated with a measwring node or a site; it may also be a function of
the number of carriers on which the measurements may be performed in paralled for a
UE (e.g., 2 carriers for UEs in uplink carrier aggregation}. The mapping may be
mmplemented/stored/mamtained 1 one or more nodes, eg.. i 3 measuring node, a
positioning node, an O&M node, a SON node, an eNodeB, a control unit (see, e.g.,
Figure 4), andior antenna shanng moedules (software andfor hardware).

According to one example of an implementation according to the Group 4
techniques, a positioning node may obtain one or more of recetving points for one or
more measuring nodes and decide Measurement IDs based on the selected receiving
points, The Measuremsent IDs may then be sent to another node, e.g., a measuring node
such an LMU, e.g., i a measwrement request. The UL measurements may then be
performed according 1o said decided Measorement IDs, e.g., the measuring node
{which may be aware of the mapping apphied by the posttioning node, e.p., by receiving
it from positioning node or another node or by applying a pre-defined rule) ensures that
the UL measwements are obtained from the selected receiving points based on the
received Measurement IDs. The obtained uplink measorements may then be reported
back to the postioning node.

In an embodiment, it may be the case that there is always at most A Measuring
s in a measurement reqoest and measuorement report. M may also depend on the
deploved antenna systems in the area. For example, M/ may imply that the measuring
node needs to always use one recetving point (indicated by snother node or determined
by the measuring node) out of a set of receiving points associated with the measuring

node. Different Measurement IDs for the same wireless device being positioned may be
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sent In the same or different message and may be associated with the same or different
procedure amd/or transaction.

The set of receiving points associated with a measwring node may be known in
another node, e.g., a positioning node or an O&M node or an eNodeB. Obtaining the
set of receiving points (see Groups 1| and 2} may comprise obtaining the set of all
receiving points that are associated with a measuring pode or a selected one or more
receiving points from the set of all available receiving points. There may also be a
measuring node capability mdicating whether the measuring node s capable of
supporting more than one receiving point. In case, there is always at most one receiving
point associated with a measaring node, the Measurement 1Ds may be assigned without
mapping, e.g., randondy or any flexible order decided by, e.g., & positioning node when
requesting 8 measwement.

Example steps i a network node (e.g.. positionimg node) according o some
embodiments of these technigues are as follows:
i Obtain a set of measuring nodes and a set of recelving points for a wireless
device being positioned (see Group 1 and 2 technigues).
2. For each selected measuring node, map the corresponding one or more selected
of the selected recetving points to one or more of Measurement IDs.
3. Send a measurement request to each of the selected measuring node, the
measurement request comprising the corresponding one or more Measuring 1Ds,
4. Receive a measurement report with the corresponding one or more Measuring
IDs.

Sunilarly, example steps i a measwing node, according to some embodiments

of these technigues, are as follows:

L. Receive a measurement request comprising one of more Measurement [Ds.
2. Obtain received radio signals from the receiving ponts corresponding o the one

or more Measurenient IDs (the measuring node should be aware of the mapping apphed
i the positioning node, eg., the mapping maybe pre-defined or configured or
negotistediexchanged between the measuring node and positioning node in either
direction vig a direct link e.g. SLmAP or via another node eg. O&M or negotiated
fexchanged between eNodeB and positioning node e.g. via LPPa or O&M).

3. Perform measurements using the received siguals from said receiving points
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4, Report measurements to the positioning node in a measurgment report together
with the Measurement 1D corresponding © the receiving point used for the

measurement.

Exanwple Methods

The process flow diagrams m Figares 8-11 tlostrate genershzed examples of
some of the techniques described above. Figure §, for example, illustrates a method |
as mnplemented by a network node, for controlling measwrements of radio signals
transmitted by a wireless device, e.g., according to the technigues of Group 1, wherein
the measurements are performed by a measuring node associated with two or more
receiving poimts. It will be appreciated that the variants of the Group 1 technigues
described above apply equally to the itlustrated process flow, and that the illustrated
process may further be combined with other technigues described above.

The process flow of Figure § begins, as shown at block 810, with obtaining a
receiving point configuration for at least one measuring node associated with two or
more recetving pomts.  As shown at block 8§20, the method continues with selecting
one or more receiving points for performing measurements, based on the obtained
configaration.  Fmally, as shown at block 830, the selected recetving points are
configured for performing the measurements.

In some embodiments, the ilustrated method may finther comprise receiving
measurements from the at least one measuring node.  In some embodiments, the
selected recerving points comprise a subset of two or more recelving points associated
with the same measuring node. The selected receiving points may be associated with
the same or different locations.

In some embodiments, the ilustrated method may fwther comprise receiving
capability  information from  the measuring node, the capability  information
characterizing the measuring node’s ability to manage measurements on signals from
different receiving points. In these embodiments, the selecting of the one or more
receiving points may be further based on the received capability information.

In some embodiments, the obtained receiver point configuration may be sent to

another node. Obtaining the receiving point configuration may comprise receiving the
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receiving point configuration fom another node, In some embodiments, or retrieving
stored receiving point configuration, e.¢., from g memory or database, in others.

Some embodiments comprise selectively using measurements received from
one or more measuring nodes, based on the obtained receiving point configuration.

In various embodiments, the receiving point configuration may comprise any
one or more oft a receiver radio-frequency (RF} charactenstic; a frequency o
frequency range: a receive bandwidth; a radwo frequency (RF) configuration parameter;
an antenna configuration; an antenna pattern configuration; an antenna polarization
configuration; a radio beam configuration] an antenna array configuration; a receiver
type; a received signal measarement reference point; and parameters associated with
the location or installation of the receiving pomnt.

Some embodiments may further comprise configuring, based on the obtained
recelving point configuration, one or more search window parameters for one or more
of the at least one measuring nodes.

Selecting the subset of receiving points may comprise, in some embodinments,
determining the subset of recetving points based on an association between a serving
cell for the wireless device and the receiving points in the subset. The subset of
receving points may alternatively or additionally be selected based on an approximate
location for the wireless device and based on locations of the receiving points m the
subset.  The selection may be based on measurement performance  statistics
corresponding 1o the receiving points m the subset, n some embodiments. Some of
these latter embodiments may further comprise receiving measurement performance
mformation for positioning measurements pecformed for the wireless device and
updating measurement performance statistics based on the received positioning
performance information.

In some embodiments, selecting the subset of receiving points may comprise
determuning the subset of receiving points based further on positioning performance
statistics corresponding to the receiving points in the subset Some of these
embodiments may further comprise recetving positioning performance information for
a positioning operation performed for the wireless device and updating positioning

performance statistics based on the received positioning performance mformation.
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Some embodiments may further comprise configuring one or more
measurement nodes assocwated with the selected subset to perform positioning
measwrements for the wireless device. These and still other embodiments may comprise
sending identifiers for the selected subset to a second network node.

Figure 9 is a process flow diagram illustrating a related method, this one
suitable for implementation 1 a measuring node adapted to measure radio signals
transnuitted by a wireless device. As shown at block 910, the method beging with
obtaining receiving pomnt configuration for two or more non-colocated recerving points
associated with the measuring node.  As shown at block 920, the method continues
with performing at least one measurement using the obtained configuration.

In sone embodiments, the illustrated method continues with sending the
measwement to another node, ey, to a positioning node.  In some embodiments,
performing the at least measurement comprises selectively performing the
measutement.

In several embodiments, the obtainmg of the receiving poit configuration
comprises recelving the recetving point configuration from another node. In these orm
any other embodiment, the receiving point configuration may comprise any one of
more off a receiver radio-frequency (RF) characteristic; a frequency or frequency
range; a receive bandwidth; a radio frequency (RF) configuration parameter; an antenna
configuration; an antenna pattern configuration; an antenna polarization configoration;
a radio beam configuration; an antenna array configuration; a receiver type; a received
signal measurement reference point; and parameters associated with the location or
mnstatlation of the receiving point.

Figure 10 illustrates another related method, this one also suitable for
implementation in a measurement node adapted to measure radio signals transmutted by
a wireless device. As shown at block 1010, the method begins with recetving search
window information for performing measurements of radio signals from a wireless
device. As shown at block 1020, the method continues with performing measurements
for at least two receiving points associated with the measurement node, using at least
two different search windows, based on the search window information.

In some embodiments, the search window information comprises a common

reference search window, i which case the method may further comprise adjusting the
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reference search window to obtain the search window for at least measurements
assoctated with oneg of the receiving points.  In some of these embodiments, the
common reference search window s based on a locaton for the measwrement node, and
adjusting the reference search window is based on the receiving point location,

In some emboditsents, receiving search window information comprises
receiving search window parameters for gach of the at least two receiving points, and
the method further comprises determining the search window for each of the at least
two receiving points based on the recerved search window parameters.  In some
methods, search windows for the at least two receiving points are based on one or more
mobality parameters for the wireless device,

Figure 1! illustrates yet another related method, this one suitable for
mmplementation m a first network node.  As shown at block 110, the method begins
with obtaining measurements for two or more receiving points assoctated with one or
more measuring nodes, wherem at least one of the measuring nodes 1 associated with
two or more of the receiving points. Next, as shown at block 1120, measurement
wdentillers are assigned to the measurements, based on a rule relating measurements and
receiving poimts, where each measurement identifier corresponds to one or more
receiving points.  Finally, as shows at block 1130, the measurements and the
corresponding measurement identifiers are forwarded 10 a second network node. In
some embodinents, the illustrated method may further comprise first receiving a
measurement request, the measurement request identifving the two or more receiving

points ysing corresponding megsurement identifiers,

Example Implementations

As explained above, the described techniques, inclading the methods ilustrated
in Figures 8-11 and the variations thereof, may be mplemented in teleconmmunication
networks that include various elements. For example, as shown in Figure 1, certain
mmplementations of the proposed solutions may utilize a network that serves one or
more instances of user equipment {(UEs) and mclodes components such as a radio
network node {e.2., an eNodeB) and various different types of network nodes {e.g., a
positioning node, a neasuring node, a coordinating node).  Although these components

may represent devices that include any suitable combipation of hacdware and/or
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software, Figures 53-7 illustrate example embodiments of these devices that may be
suitable for use in certain tmplementations of the described technigues.  Additionally,
while Figure 1 illustrates, for the sake of simplicity, each of the various network nodes
as distinct components, any of these network nodes may represent the same physical
device as another of the network nodes or of any of the radio network nodes. For
example, in particular embodiments, the measunng node may be implemented as part
of an eNodeB or other radio network node.

Figure 5 shows an example UE 300 that may be utilized tn certain
implementations of the described sofations. The example UE 500 includes a processor
510 {e.g., a microprocessor, microcontroller, digital signal processor, digital logie, or
some combination thereof), a memory 520, a transcetver 530, and an antenna 540, In
particular embodiments, some or all of the functionality described above as being
provided by mobile communication devices or other forms of UEs may be provided by
the UE processor 51} executing instructions stored on a computer-readable medium,
such as the memory 520 shown  Figure 5. In such embodiments, the processor 510
and memory 520 may together be cousidered a processing circuit.  Alternative
embodiments of the UE may include additional components beyond those shown in
Figure 5, which components may be responsible for providing certain aspects of the
UE’s functionality, including any of the functionality described above andfor any
functionality necessary 1o support the solution described above.

Likewise, Figure 6 shows an example radio network node 600 that may be
utilized in certamn mnplementations of the described techniques.  This example radio
network node 600 nclades a processor 610, a memory 620, a transceiver circut 630,
and an antenna 640, as well as a network interface circuit 630 that connects the radio
network node 600 to other nodes 1n a wireless communications network. In particular
embodiments, some or all of the functionality described above as being providaed by a
mobile base station, a base station controller, a node B, an enhanced node B, a relay
station, an access point, and/or any other type of mobile communications node may be
provided by the base station processor 610 executing instroctions stored on a computer-
readable medium, such as the memory 620 shown in Figure 6. Once again, in such
embodiments, the processor 610 and memory 620 may together be considered a

processing cirowit,  Alternative embodiments of the radio network node may inclade
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of the functionality identified sbove andfor any functionality necessary to support the
solution described above.

Figure 7 shows an example vetwork node that mayv be utiized in certain
tmplementations of the described solutions. One or more instances of this example
network node may be used to implement, separately or jointly, any or all of a
coordinating node, a positioning node, and a measoring node in networks that utilize
such components to provide the described solutions. The example network node
includes a processor 710, a memory 720, and a network interface cirouit 730, In
particular embodiments, some or all of the functionality described above as being
provided by a the various types of network nodes may be provided by the node
processor 710 executing mstructions stored on a compuier-readable medium, such as
the memory 720 shown in Figure 7, the processor 710 and memory 720 thus together
providing a processing circuit.  Alternative embodiments of the network node may
mchide additional components responsible for providing additional functionality,
incloding any of the functionality wdentified above and/or any functionahity necessary to
support the solution described above.

With these and other variations and extensions in mund, those skilled in the art
will appreciate that the foregoing description and the accompanying drawings represent
non-limiting examples of the systems and apparatus taught herein for facilitating load
balancing i a data packet network, As such, the present mvention is not linited by the
foregoing description and accompanving drawings. Instead, the present wmvention is

Hraited only by the following clauns and their legal equivalents.
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WHAT IS CLAIMED IS

| A wiethod in @ network node for controlling measurements of radio signals
transmitted by a wireless device, wherein the measurements are performed by a
measuring node associated with two or more recelving points, comprising:

obtaiming a receiving point configuration for at least one measuring node
associated with two or more receiving points;

selecting one or more recetving points for performing measurements, based on
the obtained configuration, and

configuring the selected receiving points for performing the measurements,

2 The method of claim 1, further comprising receiving measurements from the at

feast one measuting node.

3. The method of claim 1 or 2, wherein the selected receiving points comprise a

subset of two or more receiving points associated with the same measuring node.

4. The method of any of claims 1-3, further comprising receiving capability
tnformation from the measuring node, the capability wformation characterinng the
measuring pode’s ability to manage measurements on signals from different receiving

points, wherein said selecting ts further based on the receved capability information.

5 The method of any of claims -4, further comprising sending the obtained

receiver point configuration to another node.

6. The method of any of claims §-5, further comprising selectively using
measurements recetved from one or more measuring nodes, based on the obtained

receiving point configuration.

7. The method of any of clatm 1-6, wherein the recewving point configuration
comprises any one or more of
a receiver radio-frequency (RF) characteristic;

a frequency or frequency range;
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a receive bandwidthy;

a radio frequency (RF) configuration pargmeter;

an antenna configuration;

an antenna pattern configuration;

an antenna polarization configuration;

a radio beam configuration;

an antenna array configuration;

a receiver type;

a received signal measurement reference point; and

parameters associated with the location or installation of the receiving point.

8. The method of any of claims 1-7, fusther comprising configuring, based on the
obtained receiving point configuration, one or more search window parameters for one

or more of the at least one measuring nodes.

9. The method of any of claims 1-8, wherein selecting the subset of recerving
points comprises determining the subset of receiving pomts based on an association

between a serving cell for the wireless device and the recetving points 1 the subset.

1. The method of any of claims 1-8, wherein selecting the subset of receiving
points comprises determining the subset of receiving points based on an approximate
location for the wireless device and based on locations of the recewving points in the

subset.

1. The method of any of claims 1-10, wherein selecting the subset of receiving
points comprises determining the subset of receiving points based further on

measurement performance statistics corresponding to the recelving points in the subset.

12, The method of any of claims 1-11, wherein selecting the subset of receiving
points comprises determining the subset of recetving poimts based further on

positioning performance statistics corresponding fo the recetving points in the subset.
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13, The method of any of claims I-12, further comprising configuring one or more
measurement nodes associated with the selected subset to perform positioning

measurements for the wireless device.

14, The method of any of clatnws 1-13, further coraprising sending wdentifiers for the

selected subset to a second network node.

1S, A method, in a measuring node adapted 1o measure radio signals transnutted by
a wireless device, the method comprising:

oblaining receiving point configuration for two or more non-colocated recerving
points associated with the measuring node; and

performing at least one measurement using the obtained configuration.

16.  The method of claim IS, further comprising sending the measuwrement to

another node.

17, the method of any of claims 15-16, wherein the receiving pomt configuration
comprises gny one of nwore of!
a receiver radio-frequency (RF) characteristic;
a frequency or freguency range;
a receive bandwidth;
a radio frequency (RF) configuration parameter;
an antenna configuration;
an antenna pattern configuration;
an antenna polanzation configuration;
a radio beam configuration;
an antenna array configuration;
a recetver type;
a recetved signal measurement reference point; and

parameters assoctated with the location or installation of the receiving peomnt.
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18, A method, i a measursment node adapted to measure radio signals fransmitted
by a wireless device, the method comprising:

receiving search window information for performing measurements of radio
signals from a wireless device; and

performing measorements for at least two receiving points associated with the
measwrement node, using at least two different search windows, based on the search

window mformation.

19, The method of claim 18, wherein the search window information comprises a
common reference search window, and wherein the method further comprises adjusting
the reference scarch window to obtam the search window for at least measurements

assoctated with one of the receiving points.

20. The method of claim 19, whevein the common reference search window i3
based on a location for the measurement node, and wherein adjusting the reference

search window is based on the receiving point location.

21, The method of claim 18, wherein recetving search window wformation
comprises recetving search window parameters for each of the at feast two receiving
points, the method further comprising determuning the search window for cach of the at

least two recelving poiats basad on the recaived search window parameters.

22, The method of any of claims 1821, further comprising determuining search
windows for the at least two receiving points based on one or more mobility parameters

for the wireless device.

23, A method, in a first network node, the method comprising:
obtaining measurements for two or more raceiving points associated with one or
more measuring nodes, wherein at least one of the measuring nodes 1s assoctated with

two or more of the recelving points,
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assigning measurement identifiers to the measurements, based on a rule relating
measurements and recetving points, wherein cach measuregment identifier corresponds
to one or more recetving peoints; and

forwarding the measurements and the corresponding measurement identifiers 1

a second network node.

24, The method of claim 23, further comprising first receiving a measorement
request, the measurement request identifying the two or more recetving points osing

corresponding measurement identifiers.

25, A network node adapted to control measurements of radio signals transmitted
by a wireless device, wherein the measurements are performed by a measuring node
associated with two or more recelving points, the network node comprising
a network miterface cireutt, and
a processing circuit, wherein the processing circuit 1s configured to:
obitain a receiving point configoeration for at feast one measuring node
associated with two or more receiving points;
select one or more recetving points for performing measurements, based
on the obtained configuration, and
configure  the sclected receiving  points  for  performing  the

measurements.

26, The network node of claim 25, wherein the processing circuit is further
configured to receive measurements from the at least one measuring node, via the

network interface circuit.

27, The network node of claim 25 or 26, wherain the selected receiving points
comprise a subset of two or more receiving points assoctated with the same measuring
node.

28.  The network node of any of claims 25-2

-~
e

wherein the processing circut is

further configured to recelve capability mformation from the measuring node, via the
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network interface circuit, the capability information characterizing the measunng
nede’s ability to manage measurements on signals from different receiving points, and
wherein the processing circuit i3 configured to select the one or more receiving points

based on the received capability information.

29, The network node of any of clamms 25-28, wherein the processing clrouit is

further configured to send the obtained receiver point configuration to another node.

30.  The network nede of any of claims 25-29, wherein the processing circuit is
further configured to selectively use measuremients veceived from one or more

measuring nodes, based on the obtained recetving pomt configuration.

31, The npetwork node of any of clamn 25-30, wherein the receiving point
configuration comprises any one or mote of:

a receiver radio-frequency (RF) characteristic;

a frequency or frequency range;

a receive bandwidth;

a radio frequency (RF) configuration parameter;

an antenna configuration;

an auntenna pattern configuration;

an antenna polarization configuration;

a radio beam configuration;

an antenna array configuration;

a recetver type:

a recetved signal measurement reference point; and

parameters associated with the location or installation of the receiving pomt.

Lsd

2. The network node of any of clamas 25-31, wherein the processing circuit i3
further configured to configure, based on the obtained receiving point configuration,
one or more search window parameters for one or more of the at least one measuring

nodes.
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33 The network aode of any of claims 25-32, wherein the processing clrouit is
configured 1o select the subset of receiving points based on an associgtion between a

serving cell for the wireless device and the receiving points in the subset.

34, The vetwork node of any of clatms 25-32, wherein the processing circuit is
configured to select the subset of receiving points based on an approximate location for

the wireless device and based on locations of the receiving points in the subset.

35, The network nede of any of claims 25-34, wherein the processing circuit is
configured to select the subset of receiving powms based further on measurement

performance statistics corresponding to the receiving poimts in the subset.

36,  The network node of any of claims 25-35, wherein the processing circust is
configured to select the subset of receiving pomnts based frther on positioning

performance statistics corresponding to the receiving pomnts in the sabset,

37, The network node of aay of claims 25-36, wherein the processing circulf is
further configured to configure one or more measurement nodes associated with the

selected subset to perform positioning measurements for the wireless device.

38, The network node of any of claims 25-37, wherein the processing circut is

further configured to send identifiers for the selected subset to a second network node.

39, A measuring node adapted to measure radic signals transmitted by & wireless
device, the measuting node comprising:
a network interface circntt, and
a processing circuit, wherein the processing circoit is configured to:
obtain receiving point configuration for two or more non-colocated
receiving points associated with the measuring node; and

perform at izast one measurement using the obtained configuration.
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40, The measuring node of claim 39, wherein the processin

configured to send the measuremient to gnother node,

41, The measuring node of any of clatms 39-40, wherein the receiving point
configoration comprises any one or more of!

a receiver radio-frequency (RF) characteristic;

a frequency or frequency range;

a recetve bandwidth;

a radio frequency (RY) configuration parameter;

an antenna configuration;

an antenna pattern configuration;

an antenna polanzation configuration;

a radic beam configuration;

an antenna array configuration;

a receiver type;

a recetved signal measurement reference powt, and

parameters associated with the tocation or installation of the receiving pomt.

42, A measuring node, in a measurement node adapted to measure radio signals
transnutied by a wireless device, the measuring node comprising
a network interface circnit, and
a processing circuit, wherein the processing circuit is configured to:
receive search window information for performing measurements of
radio signals from a wireless device; and
perform measurements for at least two receiving pomts associated with
the measurement node, using at least two different search windows, based on

the search window information.

43, The messuring node of claim 42, wherein the search window mformation
comprises a common reference search window, and wherein the processing circuit is
further configured o adjust the reference search window to obtain the search window

for at least measurements associated with one of the receiving poits.
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44, The measuring node of claim 43, wherein the common reference search window
1s based on g location for the measwrement vode, and wherein the processing circuit is

configured to adjust the reference search window based on the receiving point location.

S 45 The measuring node of claim 42, wherein the processing circuit is configured to
receive search window parameters for each of the at least two receiving paints, and is
further configured to determine the search window for each of the at least two receiving

points based on the recetved search window parameters.

16 46, The measuring node of anv of claims 42-45, wherein the processing circunt 13
configured to deternuine search windows for the at least two receiving points based on

one or more mobility parameters for the wireless device.

47, A first network node, in a first network node, the first network node comprising:

15 a network mterface circuit, and
a processing circwil, wherein the processing circust 18 configured to:

obtain measurements for two or more receiving points associated with
one or more measuring nodes, whevewn at least one of the measwring nodes is
associated with two or more of the receiving points;

20 assign measwement wdentifiers to the measurements, based on ¢ rule
relating measarements and receiving pomts, wherein each measurement
identifter corresponds to one or mere receiving points; and

forward the measurements and the corresponding measwement
identifiers o a second network node.

25

48, The frst petwork node of claim 47, wherein the processing cwemt 18 forther
conhigured to first receive a measurement request, the measurement request wWdentifving

the two or more receiving points using corresponding measurement identifiers.
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