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node in a wireless communication system, obtaining (S10) enhanced cell-ID measure-
ments associated with a first user equipment communicating with the base station, and
formatting (S20) the obtained enhanced cell-ID measurements into information ele-
I ments of a measurement report, each such information element comprising a plurality
of symbols. Subsequently, retrieving (S30) hidden sector information for the first user
equipment, which hidden sector information comprising an indication of an antenna
l sector of the base station in which the first user equipment is located, and encoding
(540) the retrieved dormant/latent sector information using at least one selected sym-
bol of the plurality of symbols of the measurement report to provide a transformed
measurement report. Finally, reporting (S50) the transformed measurement report.
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METHODS AND ARRANGEMENTS FOR POSITIONING IN WIRELESS COMMUNICATION SYSTEMS

TECHNICAL FIELD
& The present disclosure concams methods and arrangemernis for positioning in wireless communication
systems i general, and specifically o methods and armangements for improving positioning accuracy in

such systems.

BACKGROUND

The LTE (Long Term Evolution) cellular system specified by the 3GPP {Third Generstion Partngeship
Project ) providas a variety of location based services. Thess services aff utilize the location of a UE {user
aguipment] &.g. mobiie terminal for one purpose or the other. Currently one such important service is the
£-811 emergency positioning funclionality that is regulated for the US market, So-called E-811 phase 2
i positioning requirements specify that all celivlar networks have to be able to postiion users within 30s, with
accuracies better than 150 m (95%) and 50 m {B79%), as counted for esch county and each smergency
center (POAP). Considering the fact that GPS (Global Positioning System) receivers have very limited
coverage indoors and the fact that most call phone calls ars placed indoors, these are very difficult
requirements, The consequence is that the LTE collular system standardizes not only GPE, but sctually
assisted Global Navigation Satellite System (A-GNSS) which is an enhancemsnt of several of the coming
and existing sstellite navigation systerns {of which GRS is one exampie). On top of thal, a numbsr of
altemative positioning methods that rely on cellular network measurements are standardized in LTE, the

detais of these positioning methods are described below.

25 Emergency positioning requirements are also under way in other regions, like e.g. India; howsver, in

markels outside the US, cell phone positioning is primarily used for commercial bocation based services
such a8 personal and vehicular navigation, friend finding and geographical search servicss, Lawfyl

surveiffance and infercept are other situations where ocation technology is parliculary useful.

36 To support the positioning methods the entire cellular infrastruclure s prapared for processing and

signaling of gengraphical position information. In LTE most of the positioning related functionality resides

in the so-called eSMLE {evolved-Serving Mobile Location Center) node.
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in areas with relatively low expacted density of LTE user aquipmeni, the uplink UL coverage, rather than
the DL capacity, is typically the limiting factor. The base station node and in particular the high power parts
thereof are expensive pars of the communication access network and in order o save costs a so-called
Fsi-coverage configuration can be used. In such a configuration, a single eNodeB is connected fo thres
standard cross-poiarized sector antennas. The downlink {DL) signals are divided onto the Hhres antennas,
The connection is made via two specially designed 3-way splitter-combiners. In this way, a maintained DL
coverage can be obtained bul with one eNodeB instead of three. However, 1o maintain the performance,
the uplink UL signals are received from mulliple antenna branches and combined into one radio unit,
using different frequencies for different sectors, thereby reducing interference and noise, The interference
between the combined signals originating from different antennas can tharsfore be reduced. This results
i an UL sensitivity comparable fo an ordinary 3-sector configuration. Comparad to an omni configuration

the UL capacily is substantially improved,

Since Psi-coverage maps the UL and DL it one omni sector-cell, the radio network controfier views the
configuration as a high capacity and high coverage omnbsector cell, In other words, the Psicoverags
approach volves an omnl base station with three anternas, stripped of some but not all three-secior
functionality. It is intended 1o have a very low cost and good coverage. This allows the normal functioning
of most RAN {Radio Access Network) faatures. Howsver, the positicning capabiliies are fimited, as only

one oell area per omni sector-call is defined for the positioning. In other words, the sector information is
tost for positioning. Since a plurality of posiioning methods in LTE rely on seclor information o maintaln
accuracy, this has a large negative affect on the positioning accuracy. The same is valid for the clossly

related so-called Y-coverage whersin one eNodeB is connected to two sector antennas,

Thersfore, there is @ need for methods of improving the accuracy of positioning for Psi-coverage or Y-

coverage configurations.

SUMMARY
The present disclosure aims to chviate some of the above-mentioned problems, and o provide methods
and arrangements according o the included independent claims. Freferred embodiments are defined by

the dependent claims.

In a first aspect, & method of reporting hidden sector information from a base station node in 3 wireless

commurication system comprises obtaining, in the base station node, enhanced celi-D measurements
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associaled with a first user equipment communicating with the base station node. Subsequently, the
obtained enhanced cefi-iIl measurements is formatted, in the base station node, info information siements
of g measurement repori, each such information slemant comprising a plurality of symbols. Hidden sector

information for the first user squipment is refrieved, in the base slation node, which hidden sector

[%+]

information comprises an indication of an anfenna sector of the hese station I which the first user
equipment is located. The relrieved domantialent ssctor information is encoded, in the base stalion
node, using at least one selected symbol of the pluralily of symbols of the measurement report i orovide
a transformed measurement report, Finally, the transformed measurement report 18 reported from the
rase station node.
10
n a second aspect, a bagse station node in a wirsless communication system comprises an snhanced oell-
i measurement obiainer, a formatter, a sector information refrever, an encoder and a reporting unit. The
enhancad cellD measurement oblainer is configured for obtaining enhanced celHD measurerents
associaled with a first user equipment commurticating with the base slation node. The formatter is
15 configured for formatling the obtained enhanced cell-D measurements info information slements of g
measurement repor, each such information slement comprising & plurality of symbols. The sector
information refriever is configurad for refrieving hidden secior information for said first user equipment,
said hidden sector information comprising an indication of an antenna sechor of said base siation nods in
which said first user equipment is posiioned. The encoder is configured for sncoding the refrieved hidden
20 seclor information using al least one selscled symbol of the plurality of symbols of the measursment
rapor] to provide a fransformed measurement repart. Finally, the reporting unit is configured for reporting

the fransformed measurement report,

In & third aspect, a method of positioning of & frst user squipment In 3 wirsless communication system,
25 comprises the steps of receiving al lsast one transformed measurement report from 8 base stalion node,
which fransformed measurement report comprising formatied enhanced celHID measurements associated
with the first user equipment and hidden seclor information comprising an indication of an antenna sector
of the base station node in which the first user squipment s located. Subsequently, refrieving the
erthanced call-ld measurements and hidden sector information from the measurement report, and

3¢ estimaling a position of the first equipment based on the enhanced cellD messursments and the

retrieved hidden sector nformation.
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In g fourth aspect, a positioning nude in a LTE wirsless communication system comprises g receiver,

refrievar, and an estimator. The recelver i3 configured for f‘ecaivir;g & measurement report concering 8

&

first user squipment communicating with & base station node in the system, which measurement report
comprising enhanced cell-lD measurements associated with the first user equipment, and hidden sector
information comprising an indication of an antsnna ssctor of the base stalion node in which the first user
squipment is located. The relriever is configured for retrieving the anhanced cell-iD measurements and
the hidden sector information. The estimator is configured for estimating a position of the first user

equipment based on the enhanced cefl-D measurements and the hidden sector informaiion,

Une advantage of the present disclosure includes snabiling signaling hidden secter information from a
base station node to g positioning node and hersby incressing the accuracy of positioning methods in the
positioning node. in addition, no changes to a cument standard s necessary since no additional signaiing
is infroduced. Further advantages are daescribed in cornection with different embodiments in the defaiied

description below.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention, fogether with further objects and advantages theraof, may best be understood by referring

to the foliowing description taken together with the accompanying drawings, in which:

11

J

1. 1 is & schematic iflustration of the positioning architeclure in LTE;

A

G. 2 lustrates a positing method in LTE;

-~

FIG. 3 Hlustrates a further postioning method in LTE

r
3

FiG. 4 flustrates dowrdfink signaling In a Psicoverage system;
FIG. 5 Hlustrates uplink signaling in & Psi-coverage system;
FIG.  Hlustrates the sits modeling in a Psi-coverage systen;
HG. 7 Blustrates site modsiing in a Psicoversge system;

Y

FIG. 8 Hlustrates uplink signaling in & Y-coverage system;

FIG. § discloses cumdative distribution of absolute radial eror in all radio environments:

FIG. 10 and FIG. 1T llustrats the benefite of the prasent disciosure;

FIG. 12 flusirates an smbodiment of 2 method in a base station node according B the present
disclosure;

FIG. 13 llustrates an embodiment of a further method in & positioning node according fo the

present gisclosure,
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14 Hlusirates an embodiment of a base siation node according {o the present disclosurs;

14 lustrates an emboediment of a positioning node according to the present disclosure,

16 Hlusbrates a base station node with Pel-coverage configuration;
i

i

Hustrates a computer implemantation of the present disclosire.

ABBREVIATIONS
Third Generation Partnarship Project
Angle of Arrival
Assisted-Global Positioning Syslem
Assisted-Global Navigation Satellite System
Downlink
evolved-Serving Mobile Location Center
Gateway Mobile Location Cenbre
Global Navigation Salelfite System
Global Positioning Sysiem
Lolation Service
LTE Fositioning Protocol
LTE Fositioning Protocol annex
Long Term Evolution
Cbserved Time Differance Of Arrival
Packeat dats network GaleWay
Received Signal Strength indicaior
Round Trip Time
SUPL Enabled Terminal
SUPL Positioning Center
Secire User Plane Location
Service Location Controller
Service Location Protoca
Timing Advance
Widehand Cods Division Muliple Access
User Equipment
Uplink
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DETAILED DESCRIPTION
Throughout the drawings, the same reference numbers are used for similar or corresponding slemens.
Although mainly described in the context of a LTE system, the present disclosurs i3 aqually applicabls o

similar systems o.g. WCDMA {Widsband Cods Division Mulliple Access),

The design and configuration of communication syatemns of today are fo a large portion determined by
differant standards. The standards are infended © assist in making the systems inleroperable also when
usmg acdes from different vendors and o make the system backwards compatible 1o a certain degree.
One of the disadvantages with the slandardization work is that new ideas requinng changss in the

standard are not very easily infroduced.

To further aid the understanding of the underlving archilecture Dehind the current disclosure, @ brief

description of the LTE positioning archifecture will be described below.

The general cutline of a high-ievel architecture of the current standard for LTE posilioning will be
deseribed with reference lo FIG. 1. Thres of the key network slements in the LTE positioning architecture
are the LGS {LOCaiiaﬁ Sarvise} Client, the LES target 8.9, user termingl, and the LES Servereg. an k-
SMLC or an SLP {Service Location Profocel). The SLP may comprise two components, SPC and SLC
{Service Location Conirolier), which may also reside in different nodes. SLC is responsihle for
coordination and administrative funclions to provide iocation services, while the SPC is responsible for the
positioning function. In an example implemeniation, SPC has a propristary inferface with E-SMLC, and
LLP interface with SLC, and the SLC part of SLP communicates with P-GW (PDN-Gateway) and Extemal

LC8 Client.

The LCS Server is a physical or logical entily managing positioning for & LTS targst devics by coii&cting
measuremants and other location informatinn, assisting the terminal i measursments when necessary,
and estimating the LOS targst location, A LCS Client is a software andfor hardware antily thal interacts
with 3 LGS Server for oblaining location information for one or more LCS fargels, e, the entilies being
positioned. LCS Clients may reside in the LTS targels themselves, An LCS Client sends a request 1o LCS
Server to obiain lecation information, and LOS Server processes and serves the recsived requests and

ds the positioning resull and oplionally a velaclly estimate to the LES Client. A positioning reguest can

originate from the terminal or the nebwork,
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Two of the positioning profocols operating via the radic network exist in LTE. namely LPRP (LTE
Positioning Profocol jand LFPa (LPP annex}. The LPF is a pointfo-point protoco! between a LS Server
na & LCS target device, used in arder fo position the target device. LPP gan be used in both the user and
control plane, and multiple LPF procedurss are allowed in series andior in parallsl thereby reducing
iatency. LPPa is a protonol between eNodeB and LOS Server speciiied only for conirol-plane positioning
procedures, although it still can sssist user-plane positioning by querying eNodeBs for information and
eNodeB messurements. SUPL protocol imay be used as a transport for LPP in the user plane. I the user
plane with SUPL, a UE is typically referred 1o as SUPL Enabled Termingl {SET), the LCS platform s

typically referred o as SUPL Location Platform (SUP).

Additional positioning architecture slsments may also be deployed to further enhance performance of

spacific positioning methods. For axample, deploving radio beacons is a costefficient sclution that may

1

significantly improve positioning performance indoars and outdeors by allowing more acourate positioning,

for example, with proxinily location fechriques.

The interfaces in the above illustrated architecture are standardized and define what information can be
axchanged and in what form. In most eystems, a plurality of positioning methods are avallable utilizing
various measured paramelers related fo signaling behween a hase station and a user equipment. To this
and, the interfaces allow signaling of measurement reports comprising a plurality of symbols or bits
represeniing the varous paramesiers, As menfioned praviously, for certain systerms the base siation is
infernally aware of dormant or hidden secior information which sould be used fo improve the accuracy of
positioning. However, due 1o restrictions within the current standard, i is not possible © signal this hidden
information 1o £.9. 3 posifioning node or same other node in the system.

As an alternative to changss in the standard, the avaflable information elements, symbaols, or bits of the
measurement reports can be used in an altsmative manner, This approach is explolted by the present
disclosure, it has been dentified by the inventors that the accurscy of the measurements included in the
measurement reponts is unnecessadly high. By utllizing some of the symbols or bits of the measursment

repord, hidden sector information may be ransmitied from the base station noda io a positioning node.

Typically, Uk measurements for UE-assisted positioning are transmitted over LPP andior SUPL,
The positioning result may be signaied between:

e LCS target and LCS server, 8.g. over LPF protocol,
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= Fosiioning servers {e.q., E-SMLC and SLP), over standardized or proprietary interfaces,
= Positioning server and other network nodes (8.9, E-SMLE and MMEMSCIGMLCIORMISONS,

Ay

#  Fosfioning node and LCS Client {a.g., between £-SMLC and PRAF or between SLF and Extsmal

o~

LOCS Clignt).

in the present disclosure propristary signaling and new usage of existing signaling that aliows a reporting
of hidden sector information is provided. In 3 wirsless communication system, bits of measurement reports
comprising enhanced cel-il measurements are used fo sncods hidden seclor information associated with

a Lser squipment in the meszage lo the positioning node.

The embodiments below will for simplicly uiifize the LTE system and ifs provisions for positioning as 3
hasic system miodel. Antenna seclor related information will be used as the hidden seclor information &t
the desoribed smbodiments, These are the preferred embodiments, in which the advaniagss are believed

fe be most prominent. However, the ideas are not iimited fo such systems.

LR

i order o fully undersiand the possibiiities and advantages of the embodiments of the present disclosure
described here below, one preferably needs some knowledge of the present standard positioning

possibiliies in LTE. Therefore, a brief LTE positioning method overview will follow below.

20 in wireless communication systems of today, in particularly in LTE systems, there are a number of
positioning methods available for providing positioning of user terminals. Those positioning methods can
be classitied as belonging lo one of high precision methods, of low and medium precision mathods. To the
first ciags, the methods of AGPS angd A-GNSS can be added, as well as OTDOA and UTDOA. The
second olass includes methods such as Gell 1D positioning, TA {tming advance) positioning, RSS

25 {recelved signal strengih) based positioning, Aoh {Angle of Amival} positioning, and fingerprinting

posihioning.

The dominating high-accuracy positioning mathod in aimost Al celiular systams today is the assisted GPS
{AGPEY method. LTE also standardizes a more general sateliite positioning technoiogy, denoted A
30 GNSS. This technology includes e.g. the Buropean Galilso system, However, today and in the near fulure,

A-GPS will dominate the markel,
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A-GPS is an enhancement of the global positioning system {GPS). GPS reference receivers attached o
the cellular communication system coliscl assistance dats that, when tansmitted fo GPS recsivers in
terminals connected {o the cellular communication system, enhance the psrformancs of the GPS terminal
rengivars. Additiona! assistance data is collected from the celilar commurication system directly, typically
to obtain a rough initiad sstimate of the position of the terminal togsther with a corresponding uncartaindy of
the initial estimate. A-GPS and A-GNGS is not within the primary scops of the present disclosure, alihough
the result of the present disclosure i3 useful fo provide more accurale assistance data for A-GPS and A-
GNGS.

The LTE syslemn also standardizes terrsshial time difference of arrival methods. These have lowsr
aoouracies than A-GNSS, but are still considered 1o belong o the olass of high precision positioning
methods. Essentially these methods measures the differences between arrival fimes of signals from
hearable base siations {downlink - the OTDOA method), or differances helween time of arrival times in
RBGs that can hear a certain UE {uplink ~ the UTDOA methed). Using wellknown computations, these
measuremens can be used to form a nonlinear sysiem of eguations which solution gives the UE position.
These methods are not within the primary scope of the present invention, Howsver, as for A-GFS the
resulfs of the present disclosure may grovide better initial positions as assistance data for OTDOA and
UTDOA

in the cell iD {CID) posilioning the terminal position is determined with cell granularity and thus represents
the hack bone low end approach in the majority of the cellular systems, including LTE. The method has
the advaniage of an instantaneous response and availability whersver there is celiular coverage. In CID
ositioning the position of a UE is estimated with the knowledgs of ifs serving eNodeB and cell The

information ahout the serving eNodel and cell may be oblained through mobility procedurss for mobiles in

g pither aclive or idie mode, for example, by paging and tracking area update, Since the UE may be

anywhere in the celf, estimation accuracy depends on the cell size and can be very poor in cells with large

noverage area. Enhanced G posiioning refers to technigues, which use additional UE andfor E-LTRAN

radio resource and other measuramants fo improve the UE location estimats.

The CID method typically expicits call polygons [1] to describe the extension of each el of the cellular
system. The 3GPP polygon format consist of a list of 3-15 cormers, each comer being represented by an
encaded latitude and longitude, in the WGS 84 system [1]. When comnecled by line segments, the

comars define a celi polygon, which represents the cell boundary. Cerlain rules apply; line segmenis
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between comers are e.g. not allowsd to cross. The cell polygons can be computed by noverage
computation tools, which account for celf layoul and fopographical information. It s essentisl fo
understand that the cell polygons are statistical descriptions. This means that there is a certaln probability
fhat the terminal is achially lonated within the reported cell polygon. This is known as the confidence

vaiug,

Positioning methods that use e wirsless network can be grouped In wo main groups. The first group
comprises methods that are based on the cell o which a mobds terminal is altached, 8.9, by using CID or
a combination of CID and other measuremsnis e.g. tming advance (TA} measurements. Due to the
advartages of the CID method, attempls have besn made o enhance the acouracy, while maintaining the
bensfits. One ways is © augment the CID method with an assessment of the T4, e, the travel ime bag

and forth belween the temninal and the base station, Together this defines a truncaled circular strip

around the base stalion, denoted an sliipsoid arc in {11,

The Cil+ TA positioning method and measurement principle is depicted in Figure 2. Briefly, the travel
fime of radio waves from the eNodeB 1o the UE and back is measured. The distance from eNodeB to Uk

then follows from the formula:

where 7413 the timing advance and where cis the speed of light. The TA alone defines a circle, orif the
inaccuracy is ancounted for, g circular sirip around the eNodeB. By combining this information with the cell

poiygon, teft and right angles of the croular strip can be computed.

Ancther approach 8 o use signal strangth messurements performed in the UE The UE performs

measurements of the recaived signal strength (RIS in meany sifuations. These measuraments are

performed against a number of neighbior eNodeBs. Since the signal sirength decrsases with the distancs,
it is clear that the recelved signal strength is a measurs of the distance to the iransmitting base station.

Unfortunately, signal strengih measuraments are subject to fast and slow fading that makes the distance
measure oblgined from these measurements quite inaccurate. However, combination of many
measurements and trangulation between multiple eNodeBs togather with advanced signal procsssing can

give quite accurate position estimates.
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A further approach is to use angle of amival measurements (AcA). The AcA measurement standardized
for LTE is dafined as the estimated angle of a UE with regard o a reference direction, which is set to be
the gaographical north, positive in the clockwise direction. AcA can reduce the angular uncertainty as

compared fo CID +TA positioning if combined with TA, as Hlustrated b Figure

fis clear from FIG. 3 that in order fo apply Ao positioning i is necessary to know the eNodeB position;
the ardenna bore sight direction with regard ko north as well as the antenna diraction and lobe widih, s
cassible fo configure these in the eNodeB - however it s also obvious that when CID+AcA positioning i
used, the lobe width associated with a sector is needed o compute the isft and right angles. By definition,

the AcA iz given with regard fo north, counter clockwise.

Another positioning approach is provided by so-called fingerprinting posttioning. Fingerprinting positioning
algorithms operate by creating a radio fingerprint for each peint of a fine coordinate grid that covers the

Radic Access Netwark (RAN). The fingerprint may s, consist of

e The ClDs thatl are detected by the terminal, i each grid point.

»  Quantized signal strength measurements, with regard fo mudtiple aNodeBs, performed by the
terminal, in each grid point, An associated 1D of the eNodeR may also be needed.

+ Quantized TA, in sach grid point. An associated 1D of the eNodeB may also be needed.

s Quantized AcA information.

Whenever g position request arrives 1o the positioning mathod, a radio fingerprnt is first measured, after
which the corresponding grid point is looked up and reported. This of course requires that the point is

unigque.

The database of fingerorinted positions can be generated In several ways. A first alternative would be to
parform an extensive surveying operation that performs fingerprinding radio measurements repeatedly for
all coordinate grid points of the RAN. The disadvantages of this approach include the surveying required
becomes substantial also for smiall cellular networks, and the radic fingerprints are in some instants {8.g.
signal shength) sensitive o the orentation of the lermingl, a fact that is padicularly troublesome for
handhald terminals. For fine grids, the accuracies of the fingerprinied positions therefore become highly

uricertain. This is unfortunately seldom reflectad in the accuracy of the reported geographics! result.
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Anoifier aporoach, applied e.g. in Adaptive Enhanced Cell IDentity positiening (AECID) s 1o replace the
fing grid by high precision postion measurements of coportunity, and to provide fingerprinting radic

measurements for said points. This avoids the above drawbacks, however algorithims for cluslering of high
pracision position measwrerments of opportunity needs to be defined, and sigorithms for computation of
geographical descriptions of the clustsrs nead to be defined. The above two problems are solved by

pravioiss patent applications on the AECHD positioning methad.

Ali the above mathods, suffer from lack of accuracy for those cases e.g. Psi or Y-coverags, when the
positioning node and positioning algorithms do not have access o the nfernally hidden sector information

of the base stalion node with which the user squipment is communicating.

in order fo provide further understanding of the benefits of the present invention, the principles of the Psi-

coverage hase siation will be described Lelow with reference o FIG. 4 and FIG. &

Essentially, and as mentioned briefly in the background section if this disclosure, a Pei-Coverage base
slation is an omni base station, stripped of some but not alf three-sector functionalily. s infended fo have
a very low cost, and good coverage aiming for development regions like india and Afrca. Polential means
to achieve his is described below; here it is sufficient o stale thal the main idea is 10 keep the three-
sector shructire internally in the UL of the Psi-Coverage base station node, while hiding this o the rest of
the RAN, treating it as an omni ~ eNodeB. The DU uses & pure omni radio selup, but with three sector
antennas. This maans that the sector information is lost for positioning, although it is available internally in
the eNodeB, something that makes important positioning methods in LTE &l least three tmes less
accurate as when this resiriction is notin place. Other positioning methods in LTE cannot be applied at all

1 the Psicoverage sNodeB. Thesa bleak predictions follow since only one cell 1D (G} is assaciated with

the amni eNodeB (per frequancy),

The detailed reason for this i3 that the positioning pmi:ec'oés of LTE are not prepared fo carry seclor
information in other forms than in the forn of cell 1D, s not yel determined exactly how the Psi-Coverage
eNodeB will work; it may be that sector information will be signaled in terms of sector frequencies in LTE.
Howsver, this is NOT the case over the positioning profocals that are terminated in the positioning nods,

the eNodel and the UE.
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Basically, Fsi-Coverage boosts the coverags of a single radio configuration, enabiing it to provide iike-for-
filke coverage with GSM for a limited number of LTE subscrbers. The use of a single radio unii reduces
the CAFEX and maximizes the u of the radio capabilities, As flustrated in FIG. 4, Psi-Coverags is

used when a single eNodeB 6000 radie 1 s connected to three slandard cross-polarized sector antennas

S5

13. The connection is made via two spedially designed 3-way splitter-combiners 11, One TMF (Frequency

Shifting double TMA} 12 is installed between sach antenna 13 and the splittercombiners 11, in the

downlink the base siation works as in any other splitter/omni site. The same carrier, scrambling code and
1/3 of the ransmitied power is provided at sach of the three sector anternas; see FIG. 4, as indicated hy
Fa{r,

in the uplink UL, with reference fo FIG. 5, the Psi-Coverage has 5dB UL gain when compared o a 3
anterma splitter omni site, thanks to the frequency shift of the received signal on each TMF, ag indicated

by the respactive F2, F3, F4 of the three antennas.

15 To maintain the performance, the uplink UL signals are received from mulfiple antenna branches 13 and
sombined inte one radio receiver 1. The SW feature enables decoding fo offset the losses in the splitter-
combiner 11, The W fealure also reduces the interfersnce between the combinad signals originating
from differant antennas. This resulls in an uplink sensilivity comparable fo an ordinary 3-sector

configuration, and uplink capactly improvements with respect fo an omni configuration.

Consequenily, Psi-Coverage maps the downlink and uplink in one cell with one sechor

{SactorbquipmentFunction [21,[1] The site is modeled as shown in FIG, § where sectorization is internally
resoived with only one sacter in the cell {one logical ol instead of doing it ke in FIG. 7 with a
sectorized cell, This avoids the impact on the rest of the system required fo resclve separate seclors

2 (SectrbquipmentFunction instances) within the same logical CelliD. A Pei-Coverage cell thersfore

s)

spresents & high capacity and high coverage E-UTRAN cell, mapped onfe a single secior
{SectorEquipmentFunction instance}. This aliows the normal furctioning of other RAN features but limils

fhe posilioning acouracy, as the region where the UE might be located becomas three times bigger,

Lo
<o

Anvther closely related solution is the Y-Coverage which corresponds to, with reference to FI3. 8, a reuse
of the Psi-Coverage concept in sites where line-like coverags 18 enough Le. along highways, Y-Coverage
15 used when a single eNodeB 8000 radio 1 s connacted fo two standard cross-polarized secior antennas

3 oriented in different direclions. The connection is made vig two specially designed 2-way splitter-



G

B

~
<.

WO 2013/051969 PCT/SE2011/051180
combiners 11, Ong TMF {Frequency Shifting double TMA} 12 is installed belwesn each antenna 13 and
the splitter-combingrs 11, A Y-Coverage cell thersfors represents a cell, which limits the positioning
aceuracy in a similar way as presentad above. The UL of Y-Coverage has 3dB UL gain when compared fo

a 2-anterna splitter Coverage sile, thanks o the frequency shift of the received signal on each TMF

Although not presently anficipaied, the same reasoning could be applisd o 8 hase station node
comprising & single radio unit connected fo g plurality of cross-polarized sector antennas via a single

splitterfoombiner,

As mentionad praviously, for the case of Psl- or Y-coverage bass stations, the base station is viewed as
an ompi base station by the rest of the communication system, Thereby, the base station, although aware
of all secior information of iself, is unable to communicats this information fo the rest of the system, in
gssence, i hides the sector information. This in furn causes a degradation of the pracision of positioning
methods thal to some degres rely oo the sector information. One common problem with the abovs
mentioned positioning methads when applisd in a Psi- or Y-coverage scenanio is that due to tack of sector
information, their precision is reduced to approximately a third compared the situation with 3 "nonmal” base
station with full sectorization. In particidar, for the case of RSS! positioning, since the measured received
strength is 3 measure of the distance from the recelving user terminat to the transmitling base station, iack
of sector information will only enable providing the position within a 360-degrss ciroulsr sirip centered
around the fransmitting site. Similarly, for the case of AcA positioning, the lack of seclor information will
imply a lfack of an antenna boresight direction, which will essentially render the AcA positioning method
useless. In addition, for the case of TA posilioning the anguiar extension of the ciroular strip will be 360
degrees rather than 180 degrees and the regions whers the UE may be locatad becornes thres times as

farge as if the sector of the UE would be known to the position calculation function of the positioning nods.

To understand the possibility of this signaling it is useful to shudy Figurs @ that shows results of fisld trials
of the RTT positioning algorithm of the clossly related WCDMA system. The diagram Hlustrates the
cunudative distribution of the absolule radigl eror in all radic sovironments. Solid lines repressnt the
resuite with all measuremenis from all terminals included. Dotted lines show results for each terminal type.
ft can e.g. be seen that only 10 % of the positioning have accuracy betier than 8 m (8% better than d m

Henca, acouracy impairments at that level are not noticeable for RTT positioning performance. Then
consider the RTT measurement resolution, This resclution is 1/18% of 3 chip. Since ons chip single way

corresponds o 78 m at 3.84 MHz, 1716 of a chip corresponds {0 4 m. Since the RTT measurement is
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divided by 2 in the position calculation, the distance associated with the least significant bit of the RTT

megsuremantis 2 m.

Turning the attention to the LTE system, the resolution of TA is about 10 m, Le, of the same order as the

resolution of the RTT measurement in WCDMA. Furthermore, since radio propagation errors {non-LOS
and multipath) affect WCDMA RTT posttioning significantly already al a 3.84 MHz bandwidih, it i3 clear
that TA based positioning In LTE will not gain substantially as compared o Figure & The conclusion is
that # will not affect the LTE TA positioning accuracy significantly in case the 2 least significant bits
{corresponding to 20 m) are used for encoding of the sector information of the Pei-Coverage eNodeB.
Note that this means that therg will not be any problems in multivendor situations ~ the minor inaccuragy

impairment will pass unnoticed!

Although described in the context of selscling least significant bits, | is equally viable 1o select @ most
sigrificant bit or any other bit, which is determined at sach moment in time. Depending on the situation in
the petwork there may arise situations whers providing accurale positioning s more impariant han
providing @ certain number of digids for the measurement reports. For exampls, in certaln aress the
coverage of a cell may be much smaller than the maximum rangs that is possible fo report in the
measurement repart. This means that the most significant symbols or bits always are represenied by
zeros. If the positioning node is configured to be aware of that the most signiﬁcam bits always are zero,
thess bits can be used for encading the hidden sector information. s also possible to use combinations

of least significant bits and mos! significant bits, or bits of any oredelermined significance

Based on the above, the inventors have identified & method of providing the hidden sector information
without necassitating a change in the standardized signaling protocol. Below follows, a brief summary of

the problems associated with sach positioning method when using a Psi- or Y-coverage hase station.

Sincs the Psi-coverage, and Y-coverage eNodeBs are infernally aware of the saclor whers the UE 8
oated, but hide this o the nodes beyond i, the nodes beyond i will only be aware of one cell
circumyenting the Psi-coverage eNodeB {an omni cell), For the case of CID positioning, the accuracy will
be reduced since the cell 1D is nesded in order o pinnoint the secior of a multi-sector site, e.g. a three-

SRCIoT Bia.
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Further, for the case of single leg CID+RES! positioning, the accuracy will be reduced since the angular
axtension of the sllipsoid arc will be 360 degrees rather than about 120 degrees and the regions where
the UE may be focated becomes 3 imes as large as i the sector of the UE would be known o the position

calculation funclion of the eSMLE node. This represents 5 huge inwrease of the inaccuracy of the
CID+RSS! positioning mathod, with a factor of 3, as comparad to the case where the sector information is
krown by the sBMLC. This may have severe implications on the US markel where the Psi-coverage
eNodeBs could becoms an alfemative in sparssly populated regions. For the purpose of the present
disclosure 15 noted that in the case of a single lsg CID+RES! positioning, the call 1D is needad in orderfo
pinpoint the sector of @ multi-sector site that is fransmitting {e.g. a three sector site) ~ otherwise the UE
fonation can only be determined lo be within @ 360 degree circular stip centered around the ransmilting

sife,

in addition, the previously describad CID+A0A positioning will nsed antenna bore sight direclions and lobe
widihs for each sector, or there will be a 380 degree ellipsoid arc instead of & much smaller angular
extension. This may have severs implications on the Chiness market where the Psi-Coverage eNodeBs
coulid become an alternative. The reason is that several Chinese operstors are promoting antenng
systams with up to § elemenis, For the purpose of the present disclosurs it is noted that the cell ID s
neaded in order to pinpoint the sector of a multi-sscter site, In order to enabis locking up the ibbe width

associated with the sector {which may not be the sams for all sectors due to the cost of multipls slemend

o antennas).

Further, for AECID fingerprinting posifioning, which combines CID, TA, AoA and signal strength wil

experience 8 significant accuracy reduction, al least with a facior of three.

Finally, for the case of a combination of CID+TA positioning, the acouracy will be reduced sines the
angular extension of the sllipsoid arc will he 380 degress rather than about 120 degrees and the regions
where the UE may he iocated becomes 3 times as iarge as if the sector of the UE would be known lo the
position calculation function of the eSMLT. This reprasents a huge increase of the inaccuracy of the
CH-TA positioning method, with a factor of 3. For the purpose of the present disclosure, itis noted that
the celf ID is needed in order to pinpoint the seclor of a multhsector sile, e.g. a threessector site,
Otherwise, the GID + TA positioning method will result in a 360 degree circular strip around the eNodeR,

The benefits of providing the sector information is Hustrated in FIG. 10 and FIG. 11, in which the first
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grawing fiustrates the CID+TA without sector information, and the second drawing Hlustrate CID+TA with

sector information. Tha benafits are clearly visible.

it order 0 make the Psi- and Y ~coverage base stalions a visble sclution with stiractive positioning
accuracy, ihe inventors have dentified a meihod enabling 3 base siation to raveal or signal ihe hidden

seclor information o 3 pesitioning node without necessitating a changs t a cument standard. One other
possibility would be to introduce new signaling that goes beyond the standardized protocols of today,
which would require a change to the present standards. However, as ientified by the inventors, i s
passible 1o ulilize already existing signaling prolocols to provide the hidden seclor information. The
invertors have {dentified the possibility fo "steal” symbols or bits of already existing measurement reports
and utifizing those symbaois or bits fo encode the hidden sector information. By selecting which bits or

=7

symbols 1 use, itis possible io do this without affecling the anccuracy of the measurement reporis.

As stated previously a main kdea of the disclosure is fo explait the fact that the secior of the UE is known
i the Psi-Coverags base stalion although it cannot be used in prior ait LTE positioning algorithms ~ sice
the Psi-Coverage eNodeB appears as ong call for the nodes beyond it The way ko explolt the sechor
information is to introduce new propriefary signaling from the eNodeB to the eSMLC and fo disclose

means o make the information useful for positioning purposes, in the eSMLT

Nith reference to FIG. 17 an embodiment of a methad according lo the present disclosure will be
described. The melhod s desoribed with reference to a wirsless communication system in which a
plurality of user equipment ars in communication with ong or more base slation nodes. The base stalion
noades are configured to utilize Psi- or Y-coverage, and thersby fo hide any avaliable secior information
from the rest of the system. initially, enhanced cel-id measuremenis assoniated with a first user
equipment communicating with at least one base station node is obiained S10 in the base station node.
The obtained measwrements are sither generated e.g. measured in the base station node, or generated in
some other node o.¢. UE in the netwark and subsequently signaied to and received {and obtained) in the
base stafion node. The oblained measurements are subsequently formatted 820 inte information
elements of 3 measurement reporl. The information slements consist of a plurality of symbols or bits.
Then the base station nods retrieves 830 dormant or hidden or latent sector information for the first user
gquipment, which information provides an indication of in which anlenna seclor of the base station the
user equipment rasides in. The retrieved seclor information is then encoded 540 using at least one
sefected symbol of the measurement report to provide a fransformed measurement report, and the

ransfonmed measursment report is finally iransmitied 550,
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in & further embodiment, the enhanced calldD measuremants comprise an indication of & received signal
strengih from the Dase stafion node in the first user equipment, andioer an indication of an anguley
ariendation of the user squipment relative a predelermined refersnce dirsction. The angular orientalion can
§ he provided as an angle of arival (AoA) relative the predelermined reference dirsction e.g. geographical

norih.

v an addiiona! embodiment, the hidden or domant seclor informalion comprises at igast segtor

identifying information associated with the antenna seator andlor an 1D

The ephanced coli-iD measurements can be generated by the fivst user agquipment and subsequently
signaled fo and chiained at the base station node, or be obtained in the base station node as a result of

measurements performed by the base station node fself or some other node in the system.

2

I one embodiment, the selected symbol or symbols comprise the least significant bits of the
measurement report. However, it is equally possible to ulitize any gvallable symbol{s) of the measurement

rapot.

The basic concept of the disclosurs discloses proprietary signaling that aliows a reporting of the sector

20 from the Psi-coverage eNodeB o the oSMLE, by using e, the least significant bits of one or more of

« {he TA measurement report fo encods the sector of the UE in the message to the eSMLC from
the eNoded,
+ the signal strengthis} report{s) fo encode the sector of the UE in the message to the eSMLEC from

25 the eNodel,
« {he AoA report to encods the sector if the UE in the message to the eGMLC from the UE.
The encoding of the hidden sector information can be performed acconding o the nondimiting example
helow.
3
1A engoding

The interfacs between the eNodeB and the oSMLC is the LPFa interface, see Figurs 1. The first

smbodiment therefore steals two least significant bits (L3B) of the TA, signal strength andfor Aok
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information slements {or combinations thereof} and uses these for encoding of the Psi-Coverage sestor

information associated with the UE posttion. Ons embodiment uses:

Secior A; TA_LSB =, TA_LSB+1 P={.
Sector B TA_LSE =1, TA_LSB+{={
Sector & TA_LSR=0, TA_LSB+1=1.

()]

Oiher vartants are of course also possible. The so modified and encoded TA measirsment is then
ransmiited over the LPPa hisface o the eSMLC. The oSMLE then decodss the information and

10 interprets the two LSRB as follows:

[ (TA_LSB=0} & {TA_LSB+1=0)
psiCoverageSector = Sector A
Eiseif (TA_LSB=1} & {TA_LSB+1=()

15 psiCoverageSector = Seclor 8
Eiself {TA_LSB=0) & (TA_LSB+i=1)
pszuaxfes“gesectof = Sector O
End

20 The eSMLC may without significant loss of accuracy use the received encoded TA measurement as s, or
setLSE O and LSE 110l

RES! gncading
Singe the resolution of signal strength information, here denoted R3S8! information, is alse betley than the
25 actual accuracy of this information, the TA technique can also be applied to RESH signaling belween the

efNodeB and the eSMLC. One embodimant uses:

Sector At RESE_LIB =0, RESL_LSB+1 P={,
Sector B: RESI_LSB =1, RS _L8B+1=0
30 Sector G RESI_LSE=0, RESI_LEB+1=1,
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20
Uther variants arg of course also possible. The so modified and encoded RSS! measurement is then
ranamitted over the LFPa interface fo the oSMLC. The oSMLC then decodes the information and

interprels the wo LOR as foliows:

[y

ff (RS L3B=0) & (RRSI_LSB+1=0)

psiCoveragelactor = Sector &
Elseif (RSS1_LSB=1) & (RSS! _LEB+1=0)

saif {RSS% LS8=0) & (RIS!_L38+1=1)
10 nsiCoverageSector = Sector
End

The eSMLC may without significant loss of acouracy use the received encoded TA measurement as is, or
set LSE Dand LSB 1o

AoA encoding
Since the resolution of angle of arival information, here denoted AoA irformation, Is also better than the
sctual accuracy of this infornation, the TA technique can also be applied fo Aok signaling between the
ghodel and the eSMLC. One embodiment uses:
0
Sector A AoA_LSB =0, AcA_LSB+1 P=0.
Sector B AoA_LSB =1, AnA_LSB+1=0
eotor C: AcA_LSB=D, ApA_LSB+i=1,

25 Other variants are of course alsoe possible. The so mwdified and encoded AcA measurement is then
ransmirted over the LPPa interface to the e8MLC, The oSMLC then decodes the information and

wporprets the hwo LOB as bllows:

i {(A0A_LSB=0) & {AcA_LSB+1=0)
30 psiCoverageSector = Seclor A
Eisaif {AoA_LSB=1} & (AcA_LSB+1=()

psiCoverageSector = Sector B
Elsell {AnA_LSB=0} & (AcA_LSB+i=1)
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psiCoverageSector = Sector ©

End

The eSMLT may without significant loss of accuracy use the received encoded TA measurement as is, or
set L3B Oand LSB 10 Q.

Subsequently, in a positioning node e.g. sSMLE node, using 2.g. the least significant bits of the TA, signal
strength andior the AdA in the eSMLT, lo decods the hidden sector information, by configuration of seclor
polygons, for sach sector, of Psi-Coverage cells, and using secior polygons in the GIDHTA and single ey
CID+RES! sllipsoid are computation and reporting, in response o the the signaled least significant bits of
the TA, signal strangth andfor AcA information message, and configuration of anlenna lobe width, for

aach seclar, of Psi-Coverage calls or Y-coverage cells,

With reference to FIG. 13, an embodiment of a positioning method according to the present disclosure will
he described. In 3 positioning node, & fransformed measurerment report is received 851 and the sector
information is retieved 852 together with the enhanced celbD measurements from the measurement
rapori and @ positioning method is applied. Consequently, the positioning node is configured o recognize

the ancodad hidden sector information and fo utilize Lo sstimate $83 the position of the user squipment.

Another arga where the present disclosure could he beneficial is the case where more than fhree seclors

are utilized, 2.g. beamforming.

When utilizing 50 called fingerprinting positioning, a combination of different positioning methods is used.
in ihis case, muitiple measurement reports are provided and i 13 possible o encode the hidden seclor

nformation into one or all of the measurement reports.

In order to use the signaled Psi-Coverage seclor information, polygons or any other selecled cell
represantation of the 7 available 3GFP fonmats of 1] nead to be configured for alt sectors of the Psi-
Coverage or Y-Coverage celis. This should be clear front the desaription of the positim calculation of the
CID+TA positioning method that is described in the section on prior arl 315 comer polygon 8

configured in the eSMLG, for each sector of the Psi-Coverage or Y-Coverage cells.
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In order to use the signaled Psi-Coverage seclor information, for the AoA case, antenna fobe directions
and lobe widths need to be configured for all sectors of the Psi-Coverage or Y-Coverage cells. This shaould
be clear from the description of the position calculation of the CID+ADA positioning method that is

described in the saction on prior att,

The position caloulation in the positioning node is performed as describad in prior art, with the exception
that sector polygons associated with the UE are used, rather than the ceil polygon associated with the Psi-

Coverage or Y-Coverage base stations.

With reference 1o FIG. 14 and FIG. 1§, an embodimant of a base station node 1 according fo the present
disclosure will be described. The base slation node 1 is configured as a known Psicoverage or Y-
coverage base station node with a splitter combiner unit 11 connecting the radio unit 1 with the three
or antennas 13 via the TMF 11 In asddition, and accarding 1o the present disclosure, the base station
node 1 includes an enhanced call-D measurement obitainer 100 configurad fo oblain enhanced celHD
measurements associated with a first user equipment communicating with the base station node 1. Th
oblained measwrements are either generated o.g. measursd in the base station nods, or generated in
some other node a.g. UE in the network and subsequently signaled fo and recelvad {and thus obtained) in
the base station node. Further, the Dase station node 1 includes a formatter 200 for formatting the
oblained enhanced celllD measuraments info information slements of 8 measuremeant report, each such
information element comprising a plurality of symbols or bifs. In addilion, the base station aade 1 includes
& sector information retriever for retrieving or accessing hidden sector information refating to the first user
squipment, which information is only intemally known in the base stalion node. An encoder 400 in the
radio base slation node is configured for encoding the refreved hidden sector information using one or
more sefected symbols of the measurement report. Thersby the measuremsnt report is ransformad or
augmented with the hidden sector information. Finally, the radic base siation node 1 includes a reporting
unit for reporting the transformed measurement report fo a pi}sitéening node in the system, Thereby, the
hase station node is abile o jointly report enhanced cal-iD measurements and sector information without

introducing additional signaling.

With reference o FIG. 15, an embodimant of a positioning node acsording o the prasent disclosurs wil
be destribed. The positioning node 2 g, eSMCL node, in 3 LTE wireless communication system
comprises a receiver &1 configured for receiving a measurament report conceming & first user equipment

commurnicating with 8 base stafion node In the system, the measurement report comprising enhanced
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call-iD measurements asscciated with the first user equipment, and hidden sector information comprising
an indication of an antenna sector of the base siation nude in which the first user egquipment is located.
Further, the postlioning node 2 includes; & retrisver 52 configured for reliieving the enhanned celdD

measurements and the hidden sactor information. Finglly, the positioning node 2 includes an estimator 53

: configured for m"imatzrg a position of the first user squipment in the wireless communication system

hased on the enhanced oD measurements and the hidden secior information,

in some sifuations, more sectors than three may be used in the Psi-Coverage eNodeB in future
sxtensions. it may then be nesded fo use more bits than 2 to encode the seckyr nformation o the
TARSSYA0A measurament report(s), al the price of an increased measurement inacciracy. With 3 bils 8
sectors oan be reported at the cost of an 40 m inaccuracy increase (TA case), wiih 4 bits, 10 seciors can
he encaded al the cost of & 80 m inaccuracy foss (TA case) and so forth. | is anticipated that the gains

associated with a better radial resclution at the cost of & loss of radial accuracy will persist up o accuracy

neses corresponding 1o at least 4 bits, and significantly more in suburban and rural regions for which the

Psi-Coverage and Y-Coverage sNodeBs are tallored.

The steps, unctions, procedures, andior blocks desoribad above may be implementsd in hardware using any
conventional technology, such as discrete cireudt or integrated sircult technalogy, including both general-

purpose slectronic circuliry and application-specific circuitry,

Alternatively, at least some of the sleps, funclions, procedurss, andior tlocks descrbed shove may be
implemented in software for execution by a suifable processing device, such a3 a micropracessor, Digitd
i

Signal Processor {DSF) andfor any suftable programmabie logic device, such as a Fisld Programmabile Gale
Artay (FFGA) devies,

i should also be undersicod that it might be possible o ra-use the generdl processing capabilities of the
network nodes. For example this may, be performed by reprogramining of the existing soffware or by adding

new software components,

The software may be realized as a computer program product, which is pormally carried on 3 compuler-
readable medium. The software may thus be loaded into the operating memory of a computer for

gxecytion by the processor of the computer, The computer/processor does not have to be dedicaled o
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oy exscute the above-desaribed sleps, funclions, procedures, andfor blocks, bt may also execute othey

software fasks.

in the following, an example of 3 computer-implemsntation will be described with reference to FIG. 13 A
computer 300 comprises a processor 318, an operating memory 320, and an inputioutput unit 330, In this
particular example, al leas! some of the steps, functions, procedurss, andior blocks described above arg
implemented In software 325, which is kuaded into the operating memory 320 for execudion by the
processor 310 The processor 310 and memory 320 are inferconnected 1o sach other via a system bus o
anabie normal software exacution, The HO unit 330 may be interconnected to the processor 310 andfor
the memory 320 via an #0 bus to enable input andlor output of refevant data such as input parameter{s)

andfor resulting outpud parametar(s).

The adveniages of the present disclosure include:

At least 3 Hmes better accuracy of the CID+TA positioning function as comparad to the siluation without
the secior information. Al least 3 times better acourasy of the CiD+single leg RSS! positioning method as
comparsd o a situation without the sector information. A0A+CID and AcA+TA+CID positioning becomes
useable, the cell ID information without the sector information ctherwise renders this positioning method

useless.

fn addition, by utilizing the cument disclosure no performance loss 15 caused, and no inferoperability

groblems in multi-vendor stiuations arise.

Further, an enhanced marke! potential in rurgl USA where E-811 emergency posiioning accuracy
requiraments would otherwise be a severs problem for the Psi-Coverage and Y-Uoverage base siations,

and similar in China where AcA pasitioning is foressen fo be used.

The embodiments described above are B be undersiond as a fow dlustrative sxamples of the present
invention. I will be understood by those skilled in the art that various modifications, combinations and
changes may be made o the smbodiments without departing from the scope of the present invention. In
particudar, different part solutions in the different embodiments can be combined in other configurations,
where fechnically possible. The scope of the present invention is, however, defined by the appended

claims.
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CLAIMS
1. A method of reporting hidden sector information from a base station node in a wireless communication
system, said method comprising the steps ¢
obtaining (S10), in said base sfation node, enhanced cel-D measurements associatad with a first
wser aquipment communicating with said base station node;
formatting (320} In said base sfation node, said oblained ephancad cellD measuremenis info
mformation elements of @ measurement report, each such information slement comprising & pluraiity of
symbols;
refrisving (330} in said base slation node, hidden seclor information for said first user equipment,
said hidden sector information comprising an indication of an antenna sector of said bagse station in which
said first user equipment is located;
encoding {540} in said bass station node, said rebisved dormaniflatent sector information using at
least one selected symbol of said plurality of symbols of said measurement report to provide g
tfransformed measurement report;

reporting (S50) from said hase station node, said fransformed measurement report.

2. The method according to cla wherein said enhanced celi-iD measurements comprise an indicatior
of a received signal strength from said base station in said first user eguipment, andfor an indication of an

angular orientation of said user squipment reiative 3 predetermined reference direction.

3. The method according to claim 2, wherein said angular orlentation comprises an angle of arrival

relative sald predetermined reference dirschon.

4. The method according o clafm 3, whersin said hidden secior information further comprises &t least

sentor Wentifying information associaled with said antenna sector,

5. The method according o claim 4, wherein said hidden sector identifying information comprises an

[N

-
I

The method according fo olaim 4, whersin said hidden sector identifying iformation comprises an

angular orientation relative said referance direction.
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7. The method according fo claim 1, wherein said snhanced cell-D measurements comprise at least ong

of or & combination of angle of amival, recsived signal strength for said first user equipmernt.

8. The method according fo claim 1, wherein said al least one selected synmibol of said measurement

rapori comprises at leas! one symbol with a predetermined significance.

9. The method according fo claim 1, whersin sald af least one selected symbol is seiecled o be g least

significant symbol,

10.The method acrording fo any of the preceding claims, whersin said base station i an eNodeR in an

LTE system.

11. The method according fo claim 11, whersin said reporting step is performed using a LPPa protosol

behwean sald base station node and a positioning node 0 the systam,

12.A hase station node (1} in 3 wireless communication system, said base station nade {1} comprising:

ant enhanced oD messurement oblainer {100} configuwrad for providing enhanced celi-iD
maeasuramenis associated with a first user equipment communicating with said base station node

a formatter {200} configured for formatling said obtaned enhanced cellHD measurements
information elemeants of a measursment report, sach such information elerment comprising a plurality of
symbols;

sctor information refrisver (300} configured for retrieving hidden sector information for said first

yser eguipment, said hidden sector information comprising an indication of an antenna seclor of said bass
station node in which said first user equipment is positioned;

an encoder (400 configured for encoding said retrisved hidden seclor information using at least
one selected symibol of sald plurality of symbols of said measurement report to provide a fransiormed
measursment report;

a reporting unit (500 configurad for reporting said ransformed measurement report.

13.The hase stafion node according to claim 12, whersin said enhanced celliD measursment obtainer is
configured for abtaining an indication of a racelved signal strength from said base station in said first user
aguipment, andfor an indication of an angular orientation of said user squipment relative a predetermined

referance direction.
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14,The base station node according o claim 13, wherain said hidden sector information comprises an

angle of arval refaiive said predeterminad reference direction

15.The base slation node according to claim 14, whersin said hidden sector information further comprises

at least sector identifying information associated with said antenna sactor.

15. The base station node according to claim 15, whereln said hidden seclor identifying information

comprises an D,

17 The base station node according to claim 15, whereln sald hidden seclor identifying information

comprises an angular orisntation relative said reference direction,

18.The hase station node according o clain 13, whereln said enhanced cel-il measurements comprise

at least one of or a combination of angle of arrival, recsived signal strangth for said first user squipment.

19.The base station node according to olaim 13, wherein said encoder i3 configured for selecling said at
feast one selected symbol of said measurement report fo comprise at least one symbol with a

predetemminad significance

20.The base station node according to olaim 13, whersin sald encoder is configured for selecling said at

least one selected symbol to be a least significant symbol.

21.The hase station nods according fo any of claims 13-20, wherein said base station node is an eNodeB

i an LTE sysiem.

22.The base stafion node according to claim 22, whereln said reporling step is performed using a LPPa

protocet hetween said base station node and a positioning node in the system.

23,4 method of positioning of & first user equipment 19 & wirsless communication system, said method
comprising the steps {of in a positioning node);
receiving (S51) at least one transformed measurement report from a base station node, said

transformed measurement report comorising formatied enhanced colll measirements associated with
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said first user equipment and Hidden sector information comprising an ndication of an antenna seclor of
said base station node in which said first user aquipment is ivcated;
refrisving {S52) said enhanced celHl o rements and hidden sector information from sal
measurement report;
estimating (553} a position of sald first equipment based on sald enhanced cell-ID measurements

and said hidden seclor information.

4. Apositioning node (2} in a LTE wireless communicalion system, said node comprising

a recaiver {31} configured for receiving a measurament report conceiing a first user squipment
communicating with a base station node in sald syslem, said measursment report comprising enhanced
cell-i measurements associated with sald first usar equipmer&t, and hidden sector information comprising
an indication of an antenna sector of said base station node in which said first user equipment is located;

a refriever (52) configured for retisving sald enhanced celHD measursments and sald hidden
secior information

an estimator (53} configurad for estimating a position of sald first user equipment tased on sald

enhanced cell-D measurements and said hidden seclor information.
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