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GPS is known to often fail in indoor environments and urban canyons. A complementary
terrestrial positioning method, called Observed Time Difference of Arrival (OTDOA), has
25  therefore been standardized by 3GPP.

With OTDOA, a terminal measures the timing differences for downlink reference signals
received from multiple distinct locations. As an example, a particular UE receives downlink
reference signals from a supporting or reference cell, and from a number of neighboring cells.
For each (measured) neighbor cell, the UE measures a Reference Signal Time Difference

30 (RSTD) which is the relative timing difference between a neighbor cell and the reference cell.
The UE position estimate is then found as the intersection of hyperbolas corresponding to the
measured RSTDs. At least three measurements from geographically dispersed base stations
with a good geometry are needed to solve for two coordinates of the terminal and the receiver
clock bias of the terminal. Positioning calculations can be conducted, for example, by a

35  positioning server (E-SMLC or SLP in LTE) or UE. The former approach corresponds to the UE-
assisted positioning mode, whilst the latter corresponds to the UE-based positioning mode.

To enable positioning in LTE and facilitate positioning measurements of a proper quality
and for a sufficient number of distinct locations, new physical signals dedicated for positioning

(positioning reference signals, or PRS) have been introduced and low-interference positioning
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30  muting provides a mechanism to reduce interference in PRS measurements, e.g., muting PRS
transmission in one cell allows UEs to make better measurements on the PRS transmitted in
another cell. While standardized approaches to PRS signaling may exist, no such
standardization exists with regard to particular muting patterns used.

Certain approaches to muting have been discussed in the context of 3GPP. One

35  approach relies on random muting by cells, where each base station (eNodeB in LTE) decides
whether its PRS transmissions are muted or not for a given positioning occasion according to
some probability. In a simple or random implementation, there is no coordination among
eNodeBs and the probability is statically configured per eNodeB or per cell. Random muting
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or not autonomous muting for a given cell is activated. See, e.g., 3GPP RP-100190,

30  Autonomous muting in DL OTDOA, Motorola, March 2010, and see CR to 3GPP TS 36.355,
Autonomous muting indication in OTDOA assistance information, Motorola, March 2010.
According to such approaches, a Boolean indicator is transmitted for the reference cell and also
all neighbor cells, as a part of the assistance data whenever PRSs are transmitted. When the
indicator is FALSE, UEs can avoid blind detection of PRS muting, optimize detection thresholds

35 and thus improve the positioning performance. With the indicator set to TRUE, the UE still does
not receive the information on when and in which resource blocks (RBs) muting occurs, which
means that the UE still needs to blindly detect when PRS muting is used in each cell, i.e. the
proposal does not solve the problems associated with blind detection.
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30 signals are muted in the cell according to the periodic muting sequence and the reference point.
Correspondingly, a wireless communication apparatus comprises a receiver configured

to receive signals from the wireless communication network, including reference signals
periodically transmitted for a cell in the wireless communication network. The apparatus further
comprises a controller operatively associated with the receiver. The controller is configured to

35 determine a periodic muting sequence indicating a muting pattern used for muting the reference
signals in the cell, and to determine a reference point relating the periodic muting pattern to a
certain reference time. The controller is further configured to determine when the reference
signals are muted in the cell according to the periodic muting sequence and the reference point.
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positioning node that is configured for operation in a wireless communication network. The

method includes determining a muting configuration for each of one or more cells of the wireless
communication network, wherein the muting configurations of the one or more cells control the
times when muting is applied to reference signals periodically transmitted in each of the one or
35 more cells. The method further includes generating assistance data for one or more user
equipments, said assistance data indicating the muting configurations of the one or more cells,

and signaling the assistance data to the one or more user equipments.
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30 interface is configured to signal the assistance data to the one or more user equipments. As an
example, such signaling constitutes higher-layer positioning protocol signaling that is carried, for
example, transparently through one or mode nodes, e.g. involved base stations and MME, for
reception by the UEs.

Note that one or more embodiments of the positioning node method and node hardware

35 contemplated herein are configured to provide muting configuration propagation, wherein the
positioning node determines the muting sequence for one cell by cyclically shifting a given
muting sequence by a determined amount. For example, the given muting sequence may

comprise a base sequence having a reference point defined according to a timing in a reference

6



35contenpl ated herein are configured to provide nmuting configuration
propagati on, wherein the positioning node determ nes the muting sequence
for one cwDI20otay13emal ically shifting a given nmuting sequectsSERyoasded er m ned
anount. For exanple, the given muting sequence nay conprise a base sequence
havi ng «llr &% an exareplpoihettinded mag te acconelomgubtfoanae transmigsiomtimingeTee ence WO
2011/ 136711PCT/ SE2010/ 05134 exa anme
o sub-FEPLRAPY BHE o SRTaHes (hF alyon FanBaeReamity oG isef IR LR 2Bnfeht

gi ven muith pegicsieqefenaree(digral tramsmrmslmsm anhihkt sell, basett an theirgflenamee paint And

i odi f
A SIS R T S R
no](cjé i srncﬂgfseg::embstamdwefekenuetdmrﬁelok eslps:mciﬂccrefémrtmrpgnmtsaqmdaacel&;mndnutmg
ref erence points t
equencauBRie b peodt i m ARG SEhShckE LER MR %*ei%%ﬂ%ﬁ??ﬁ‘éﬂcg“p;.”ﬁt
In all 01;] t He a:ilmmhle ahdve(émbedmantdmmemr th’e_mnm.mbumlgm}a‘hngmga@d t:qgopmlded to

t arti.cul ar i . .

ConveY, A P B 85T QU5 D sl RSBt Pt el
def i neccdnfigaratiart ofreggisem oalhis detimed! ey a emam@awepoé and aaﬂfdralce:@p@l andweel y
fmn?l: lng rs%ﬁer Of h)' h%ggé& blrﬁg%gee ﬁleéc%d tg?c@hlt %hé Pe‘?erj’eﬁéeeﬁﬁﬁfsﬁwd?&'rﬂxﬁtmgnd/ or
pre- com‘elqgamc@dlndetad ia ocs:etoroforepemsodnhentmuasgn@,ebwmew@ﬂwdﬂ wthraeﬁ‘eepfence

t | . . |
o o givaRtisn it e s Ry B OGRS e e AR BeneBEP, § 2
Al ter lnaandslmlrgferme rpemtah;alrest a-gienfceycan be actemplEbed by signaligl telge daiexeeor
ign t r
cour ae. e e AEthatiet Binef fion &bl Mhe e gt e Shef SRR Ye SRR oReeh o
f edbur é$E ahcblla&kﬂmwtoagta@her‘ﬁtmvdm%ﬂmt@d enbodi nents, i ncl udi ng rearrangl ng
atter t f [ 2r t
Phe miti ng <ariohs e s ST RN BhoP BBt e BHopaRr sERRaR o ORIT | 07
pur poswdltdmbzantpges tTh@rdengnbe@I egmbomeentedh¢ludin@mﬁa®singrpazemtt® dicopnmn nut i ng
t
5, COnLERLLR 0 BEAOR o) LAASMAS NP L % Al DAY A5 pe
exanpl epormumaynglsrrw duloptegdbi @Uenwrmsgaaﬂxa‘l pasiteningheaiy. whér cehttanssiigpied s.

EE?QJLS tl%c}/ mﬁfrﬁtﬁbgé%gEQ cﬁl&ﬁ 2n§e{ag?%t)§?ﬁmlga&9@%ltegrn§ ahd Wquanqml%mne%cgvny the

pri nci piresutagdrerpotretesshrgcinitseido hefeesinae aigpalsolb ol éxantpdal mtﬁlngmyahmam?d be

25wel |
Ceonnol SgeS b i} KL Ted Bbi ENaRlpa chhef I A RnAGEr BRannce
posi t i oreting.dgta, & . meIPé‘tySIcalé)anﬁak Shareldantetmpel (&’Dﬁiﬁ'ﬂ)lln RES a sensor or a
beacon devi g, add)d br‘?@é%anﬂn%hw%gg:s%@ea H&%m 4@kt F?mﬁ’ﬁfbrukﬁe&w%rﬂé}/ padi o

nodes referred to a nodes 1n the invention e ment s
may5Sbhe vealyadaatiidan mxetj@rksausgng oRe ARVPE cbja@'eradlo access technologies.

The wireless UE described herein may be any device being positioned e.g. a wireless terminal,

is

a laptop, a small RBS, a sensor, or a beacon device.
Additionally, although the invention is described for radio nodes referred to as eNodeBs,

the radio nodes in the invention embodiments may be any radio node, e.g., a macro base

30 station, a micro base station, a relay, a beacon device, or even a wireless terminal with the
corresponding functionality in mobile-to-mobile communication networks. Positioning node
described in the invention as an E-SMLC may be any node with positioning functionality, e.g.,
E-SMLC, SUPL Location Platform (SLP) in the user plane, or even a wireless terminal with the
corresponding functionality in mobile-to-mobile communication networks.

35 Those of ordinary skill in the art will recognize additional features and advantages upon

reading the following detailed description, and upon viewing the accompanying drawings.
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the shifted versions operate as unique muting sequences for defining different muting
configurations in different cells of a wireless communication network.

Figs. 11 and 12 are example illustrations of muting sequence propagation.
Fig. 13 is a table illustrating various combinations of unique or generic reference points
25  with generic or unique muting sequences, as a basis for defining different muting configurations

in different cells of a wireless communication network.

DETAILED DESCRIPTION
Fig. 2 depicts an example wireless communication network 10, which may be an LTE
30 network. The example network 10 includes a Radio Access Network (RAN) 12 that
communicatively couples user equipment (UEs) 14 to a Core Network (CN) 16, which in turn
couples the UEs 14 to each other and/or to equipment in other external networks.
The RAN 12 includes a number of base stations 18, each of which controls and provides
radio service in one or more “cells” 20. While Fig. 2 depicts a one-to-one relationship between
35 base stations 18 and cells 20, those of ordinary skill in the art will appreciate that one base
station 18, e.g., an eNodeB in an LTE implementation of the network 10, may be configured to

control more than one cell 20 in the network 10.



Figs. 11 and 12 are exanple illustrations of nuting sequence propagation.
Fig. 13 is a table illustrating various conbi nations of unique or generic
ref erencewpannis62%wW t h generic or uni que nuting sequen®es/SEanoas3asi s for
defining different nmuting configurations in different cells of a wireless
conmmuni cat i (omatigvd, lone RisbAkEBxAMEERNIdsONtHM the CN depHerestharexemptemmities

o eSS ATV LA S OS2 D TR B0 ARSI e

commnlfa@cttuomelmkmgttrm ©Esugesd omque@jmﬂént(aldaﬂjr ntvdries. a'h@memlatsmmdmc(e@m) 16,
whi ch |n turn cou

ext er ndf eﬁeé}%tqgépcon%gura ?rlllngg &§§E§U§§E\ﬁ!§@ﬂ%§?4§ﬁhﬁﬂ a?| Bﬂsmlger

Sgcb v@fﬁdmmhg @08 sadtsanad EFSMVE deSLP,amtlamoﬂmrmemrk nodene. g)O&M)oeSONeI | s"
ile Fi icts a one-to-one r tionship bet S ons
T8 and noep Wi refti o 2e 3 RRRFAIRE *BR o 2 O BoR i R R Redrefhi
one basgedbithobaskStattong. 18, anatedistiadt dontrainallLel&memtp loé swaht ainfiguratidnst bet may
ne celd t he

t k d t t r.ol
et wor 191166t s aTs e HesHE Bter S8 B IS R st the BhskDC o,
sees extatione 18ndrid foedisgérhinating dsteeﬁﬂamnndﬂeufet;attdiernmtnanm BEer#i(amdesny otbbude
rvin a d
i P RO PIEAL e n g HES e ReLedleDy 5V it e el Sy ray
net wor llﬁgz.priﬂlj@a@di thﬁo@lhsmeldnmtmelemha b\fgé@?\a@ﬂﬁsﬂ? gnal configuration
control |l er g '
as an E- SI\/L(’:B F’%EEJG BroNgnt &L%@mﬁétmlﬁ?g%(%@gxns ’?%%@ﬁﬁ%l&'o%g% E Eoéc}%@ |Ie
r ef fe_r r eghch otr&s, decl dgcthétr otvheﬁ Il utihg codfigera?iénsrand alghaldbmeterdﬁmstdrm tothe myge I
confi ons e e, base st.at
o oo A R H 5E5 g et BT S H s B0 ridve fingdinasB B eBtbRIER FOIRS et
fo g 5][ edoe bamtamnrt[s_n@ meytnfn:ctyde attypnof ntafemenmtsugmal tordrollehzb, mm is tanfigorest {8, g
an or,dis i ng_.a ea a _porti : .
oy or sPiR3AG BhrluatBAR 18 obY: ShRBulentd e AR I Bedidhr Rty (7
hi gher -doagr@.lratmngriari thegetlsv\m a@hd mespnbecqnnuxbalgaale@ to tiveolkigle sbatener! 8ntoriedicdtet he
base stﬁt i on anpl e, in one enbodi nent, the base stations

i nd Qﬁedﬂ‘é %/CO(S‘F'Q%%B%%F%‘?? %ﬁ y with each other, deci de their own-cell
rrutl ng conf iFigiritiistrate sactires pgmiing &Xenswe dmxﬂememasomsoofttlheUEede ¢ baeki ch is a

Pogb! | SR80 PRG 24, VD e AR BT D65 00 o] B0 R ol ™
cont r olrhayr in2bde mbthptxte'r-basmmiricgimyedldhcasdaeteladewctrbelrcmtmbmg_eatommguprat:e&m(%) :
BB o RSRAEPEAe 8 S e TR 2L 01
t 0 i ndipradessinbeseuitmutAsngucbporie gunartei aspecte ©f ieaaperation of the illustrated entities may

be implemented by configuring the entity via the execution of stored computer programs, held in

25  memory or other computer-readable media in or accessible to the entity. As such, the various

illustrated circuits may be implemented in hardware, software, or a combination of both.

With that in mind, a first example base station 18-1 comprises a radio communication
interface 30 that is configured to transmit reference signals from the base station 18-1 according
to a certain reference time, for a given cell 20 that is controlled by the base station 18-1. In this

30 regard, it will be understood that a given type of reference signal, e.g., a positioning reference

signal, may be transmitted in a given cell 20 on a periodic basis, and that these recurring
reference signal transmissions may be muted according to defined patterns. The application of
that pattern to the periodic reference signal transmissions thus may be referenced to a certain
reference time, which provides as a reference or logical starting point for the muting pattern in

35 relation to the reference signal periodicity. More broadly, the communication interface 30, e.g., a

cellular communication interface, supports downlink and uplink signaling with a plurality of UEs
14.
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station 18). (Note two example cases: one where the BS communicates the decided muting
configuration to the positioning node, and one where the BS communicates the decided muting
configuration to the positioning target (e.g., a UE)).
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base st@{{ Orpet\;vgr)k foor a given cell 20 in the network 10. Correspondl ngly,
t he UE conprises: a receiver configured to receive signals

Correspondingly, the UE 14 comprises: a receiver configured to receive signals

transmitted by the network 10 for the given cell 20, including said reference signals. Here, the
receiver is included in the illustrated radio communication interface 50, which comprises a
30 cellular transceiver/modem in one or more embodiments, including the receiver for receiving
downlink transmissions from the network 10 and a transmitter for transmitting uplink
transmissions to the network 10. For convenience, the receiver is referred to as the “receiver
50" to indicate that it is part of the radio communication interface 50.
The UE 14 further includes one or more processing circuits 52—e.g., digital processing
35  circuitry—that include a measurement circuit 54 that is configured to measure the reference
signals (e.g., timing, quality, etc.), and a RS measurement and processing controller 56
(“controller 56”) that is operatively associated with the receiver 50 and measurement circuit 54.
The controller 56 is configured to: determine a muting sequence that indicates a muting pattern
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communication network, such as the node 24. Additionally or alternatively, the controller 56 is
30 configured to determine one or both of the muting sequence and the timing reference point

based on reading pre-configured information from storage within the UE 14—e.g., from non-

volatile memory within the UE 14.

Further, in at least one embodiment, the reference signals are positioning reference

signals (PRS) that are transmitted according to a known periodicity, subject to muting at said
35 muting occasions, and the controller 56 is configured to determine the muting sequence in use

by a given base station 18 for a given cell 20 by determining a sequence of indicators or index

values that indicate a muting pattern relative to said known periodicity.
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In either case, the method includes muting the reference signals for the cell 20 according
to the muting configuration (Block 504). Example details for the processing actions comprising
35 Block 504 include determining whether it is (in general) time to transmit reference signals
according to the configured periodicity (Block 504A). If not, reference signal transmission is
skipped (Block 504D). If so, the transmitter determines whether muting applies to this particular
reference signal transmission (Block 504B). In other words, should the transmitter transmit the
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In at least one embodiment of the method 600, the node 24 is configured to determine

the muting configurations for one or more base stations 18 from signaling received from those

25  one or more base stations 18 indicating the muting configurations. In at least one such
embodiment, the node 24 receives signaling indicating a first muting configuration for a first cell
20 and derives a second muting configuration for a second cell 20, i.e., it derives a second
muting configuration with respect to the second cell 20. The node 24 performs the derivation
based on a transmission timing difference between the first and second cells 20. In particular,

30 the deriving the second muting configuration comprises shifting a muting sequence of the first
muting configuration by an amount dependent on the transmission timing difference, to obtain a
shifted sequence to be used as the muting sequence of the second muting configuration. Here,
it will be understood that the “muting sequence” of a given muting configuration indicates a
muting pattern applied to periodic transmission of reference signals for a corresponding cell 20

35 More generally, one or more of the nodes discussed herein may be configured to
rearrange muting patterns with respect to a common reference point. It should be clarified that
the reference cell 20 may be different for different UEs 14, and that rearranging therefore may
need to be done per UE or per reference cell. In the latter case, the rearranging can be reused
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The method 800 continues with the node 24 sending higher-layer signaling to radio
35 receivers that are or will make reference signal measurements for the involved cells 20 (Block
804). For example, the node 24 sends higher-layer signaling to the UEs 14 operating in the cells
20 controlled by the base stations 18, or operating in adjacent cells 20. This aspect of operation

is advantageous in the sense that the base stations 18 can decide the muting configurations to
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measurement opportunity after receiving muting configuration signaling without assuming that

30 the same muting configuration has been already activated in a previous measurement
opportunity (unless the receiver has been informed about this earlier). In one or more other
embodiments, the reference point is a relative offset value, e.g., a relative SFN offset with
respect to the cell for which muting is defined or other cell which may be the reference cell. it
will be understood that a reference cell serves as the reference for certain timing

35 determinations, such as those relating to Reference Signal Time Difference (RSTD)
measurements.

Also, as noted, the reference signals at issue herein may comprise positioning reference

signals, cell-specific reference signals, or essentially any type of reference or pilot signals,
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mul ti plqyclmally)shlfhrogltheobqs@@utmg sequence, to properly align it pattern-wise with the ongoing,

periodic reference signal transmission. Fig. 12 illustrates a similar propagation, but where the
25  propagation is done in cell “j” with respect to a reference point for cell “i".

Propagation may be done, for example, at the node 24 and/or at the UEs. The node 24
or another network node therefore may initiate the muting of reference signals in one or more
cells 20 (e.g., a group of serving and neighbor cells 20) and on any carrier frequency according
to a muting sequence with a certain periodicity at any point in time. On the other hand the node

30 24 may provide the muting configuration information used in the cells 20 to the UEs 14 any time
after the muting is initiated in one or more cells 20. It is important that any given UE 14 knows
whether the reference signals in a particular cell 20 are or are not muted for every reference
signal transmission occasion. This need requires that the UE 14 be aware of the start of the
period of the muting sequence in each cell 20, i.e., the reference point.

35 By the virtue of knowing the reference point and the muting configuration information
(i.e. periodicity of the sequence and their muting states, etc.), the UE 14 can derive the muting

sequence currently used in each cell 20. As noted for one or more embodiments, the SFN or
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poi nt ivﬂthtrgg;ggsct PJ some cell, where an asynchronous network may be a network with frame-aligned

cells, subframe-aligned cells, non-aligned cells or any mixture of cells that are differently aligned

30  with respect to each other. A synchronous network is a network where all cells are SFN-aligned.
This means that some adjustment of the muting sequences of cells may need to be done in
asynchronous networks, e.g., in the positioning node, in order to adjust them to a common
reference time before signaling to the positioning target (e.g. UE). The common reference point
may be signaled to the UE or may be pre-determined. The positioning target should either be

35 able to acquire the timing of the cell with respect to which the common reference point has been
defined or it should be able to adjust back the common reference point to the cells to be

measured.
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In another alternative mentioned above, an SFN-to-Cell mapping may be used as the
35 Dbasis for determining the SFN value to use as the reference point. In one such embodiment, the
SFN used for the reference point is mapped to the cell-specific information, e.g. reference time
is mapped to the cell identifier. More specifically the reference point is defined by a mapping

between SFN values and cell identifiers. This mapping can be predefined in the applicable
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30 frequencies. The SFN value can be any value ranging from 0 to 1023 in E-UTRAN.
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the two cel ISiynaling from a radio node (e.g., eNodeB, beacon, relay, etc) to a LCS server
o No central coordination: RS muting information is signaled,
o Central coordination: an indicator in the request for the muting information is
signaled;
25 e Signaling from a LCS server to a radio node
o No central coordination: An indicator in the request for the muting information is
signaled, and such indicator could trigger either an immediate reporting from the
radio node, or the LCS server could configure the reporting with alternative
reporting criteria (i.e. not on demand), so that the radio node could trigger the
30 reporting of RS muting information, for example, whenever it is modified,
o Central coordination: RS muting information is signaled; this requires the radio
node to be aware of the LCS server and implies the existence of procedures to
pre-exchange configuration information between LCS server and radio node;
e Signaling from a radio node to another radio node (e.g., for the RS muting configuration
35 exchange and distributed coordination between the radio nodes);
e In case there are multiple positioning nodes (e.g. between any two or more of E-SMLC,
SLP, GMLC, etc.), signaling between the positioning nodes to enable exchange of the

muting information, e.g., the generic reference point; and
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nodes)é:h In%]case there are nultiple positioning nodes (e.g. between any two

or SMLC, SLP, GW.C, etc.), signaling between the positioning
nodés to enadodaanexarh;aagés;gfhamnb@em&enrq;LCstemeabhd)radicen@e,witrhceertyzaheri c

A o et S
t o LCS L5872y €0 tra @Notle B hdcamemaleare of all applicabiei EISMLEsS em)dalrml estafflissiagnal i ng
B e efanEi s e A Dy s e RNl S Efoed %R 29
5i n_dl catuoeni 3IGRAR pbBRaniGy BXOAitéatdirer) Mk othe Ex S NaCostRewjes stndemeaddRib estting RS
MJtZIOng information to involved eNodeBs.
Further signaling examples include the contemplated signaling between radio nodes,

such as to support the exchange of muting configuration information between such nodes

and/or to support the cooperative determination of muting configurations between nodes. As a

particular example, RS Muting Information is added to the X2AP protocol, namely to the X2

25  Setup and eNodeB Configuration Update procedures, to enable such exchanges between
eNodeBs in an LTE network, via the X2 interface.

Other signaling contemplated herein relates to OAM retrieval. For example, RS Muting
Information is provided by an eNodeB to an OAM system within a wireless communication
network, for retrieval by the applicable LCS server, which may be an E-SMLC or an SLP.

30 With such signaling in mind, and in view of the foregoing examples, the present
invention will be understood as offering a number of advantages, including but not limited to
these items: flexible muting configuration with simple, low-overhead signaling; no need for
predefined PRS muting patterns; and reduced UE complexity (no need for blind detection of
RS), processing, power consumption, in combination with improved positioning performance.

35 These and other advantages are realized through various aspects of the present
invention, including the definition of a cell’'s muting configuration as a muting sequence defining
a muting pattern applied to or overlaid on an underlying reference signal transmission
periodicity, and a reference point that indicates or identifies a virtual starting point for relating
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to support the cooperative determ nation of nutlng conflguratlons bet ween
nodes. As a particular exanple, RS Muting Inforrmation is added to the X2AP
protocol, nanely to the X2 25Set up and eNodeB Confi guration Update
procedures, to enable such exchanges between eNodeBs in an LTE network, via
the X2 interface. O her signaling contenplated herein relates to OAM
retrieval. For exanple, RS Muting Information is provided by an eNodeB to
an OAM systemwithin a wireless communi cati on network, for retrieval by the
applicable LCS server, which may be an E-SMLC or an SLP. 30Wth such
signaling in mnd, and in view of the foregoi ng exanples, the present
invention will be understood as offering a nunber of advantages, including
but not limted to these itens: flexible nmuting configuration with sinple,

| ow- over head signaling; no need for predefined PRS nuting patterns; and
reduced UE conplexity (no need for blind detection of RS), processing,

power consunption, in conbination with inproved positioning performance.
35These and ot her advantages are realized through various aspects of the
present invention, including the definition of a cell's muting
configuration as a nuting sequence defining a nuting pattern applied to or
overlaid on an underlying reference signal transm ssion periodicity, and a
reference point that indicates or identifies a virtual starting point for
relating 24 WD 2011/136711PCT/ SE2010/ 051349
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cell0 (20); and reference time; addt er m ni ng (404) a reference point reI ating
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(406) when t e re are mu accordrng to

t he periodic rrutmagmdeqmﬂrmgesea,n@wqemdrtbéeefemee poinht. 2. The net hod (400)
of claim1, further conprising controlling (408) neasurenent of 15reference
signals by the wirel ess communi cati on apparatus (14) for the cell (20)
accor dihg t ofteainethde (410yiohdainph, foftheimemprisimgroehicelimec@08) yaaswemeet ofut ed i n

th I
Si gRal <eteraesigrts (i WS cotfithicalipfBiaFutbs (MIpAh0 oS LEAERABEE . |
det er msmm@etemmngimmqﬁdumnmmn iefiereserysignaie atsompteddrethe cell (20).

3. The method (400) of claim 1, wherein said reference signals are transmitted at periodic

reference signal occasions, and wherein determining the periodic muting sequence comprises
20  receiving a sequence of indicators in assistance data transmitted to the wireless communication

apparatus (14), wherein each indicator represents a given reference signal occasion and

indicates whether muting will be applied for that given reference signal occasion.

4. The method (400) of claim 3, wherein determining the reference point comprises using a

25  System Frame Number (SFN) of a reference cell (20) in the wireless communication network
(10) as the reference point, and wherein relating the periodic muting pattern to the certain
reference time comprises logically associating the first indicator in the sequence of indicators
with the first reference signal occasion that starts after the beginning of SFN = 0 in the reference
cell (20).

30
5. The method (400) of claim 1, wherein the cell (20) is not a reference cell (20) for the
wireless communication apparatus (14) that serves as a reference for certain timing
determinations at the wireless communication apparatus (14), and wherein the method further
comprises determining the reference point as a common reference point with respect to the

35 reference cell (20), or determining the muting sequence as a common muting sequence with

respect to the reference cell (20).
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20recei ving a sequence of indicators in assistance data transmtted to the
W rel ess communi cati on apparatus (14), wherein each indicator represents a
gi ven refwoenoe@3siignal occasi on and i ndi cat es whet her neRCITsg20mios13e
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mut i ng qedlispecific trmtumgmecnmntasp\emfeftertmwl @D)re conprises logically
associating the first indicator in the sequence of indicators with the
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poi nt w th réspect erence ce ermni'ng
sequencd calis.a conmon nuting sequence with respect to the reference cell
(2Q). WO 2011/136711PCT/ SE2010/ 051349 6. The nmet hod (400) of claim1,
further conprising determ ning the reference point as a cell-specific
ref ererfte porhetmsihedi4d03 of dainhé, wikdrein(s2@) assistargetdataningiudes 2 henmeni ng
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W rel ess connunlcatlon apparatus (14) for aII cells (20) in the nunber of

cells, gl O”gﬁ@s%&héd &ﬁio‘ 0?88% 71 fndTthh A% SER '(tjber[&g%ta Do n@ﬁ’%@g%ﬁé&ll -sh8cifidie

nunber of c sal'd assi stance a inc ell-specific
refer ermethgmenuemqerfoemm ®él(20)(120)e numbdref tSisuatong with acesllitspecitic tafeyensa h a

co isthe wireless communi cation apparatus
(1 f %ﬁﬁgﬁ@g r"tt?-%(r%l?]t% e%ﬁgf er of cells. 9. The nethod (400) of

claim 7 vvherel n said assistance data conprises a cell-specific muting

Sequencey for Tredh hBEKAOO %gélalhm \Pﬁergwgé%rmﬂfmé:’?é%ﬁthe %%c@' sqndgwa?s ar? mut?cﬁ .

ceII-speC|f|c reference ol nt’ each n the number o
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signal s ar edig‘(%r%lh aWper&Rk! e(vg&)n tﬁ%?@f@@n@g bt hAEaREhL Qi BHE S hding to

sequence an e reference point
25  a next reference signal occasron in the cell (20); and

determining when the reference signals are muted based on cyclically shifting a base

muting sequence by an amount corresponding to said difference.

11. The method (400) of claim 10, further comprising receiving the base muting sequence in

30 assistance data received from the wireless communication network (10).

12. The method (400) of claim 1, wherein at least one of said determining the muting
sequence and said determining the reference point comprises receiving signaling from a
positioning node (24) in the wireless communication network (10).

35
13. A wireless communication apparatus (14) configured to measure reference signals
periodically transmitted for a cell (20) in a wireless communication network (10), said wireless
communication apparatus (14) comprising:
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determning a difference between the reference point and anot her point
correspondi ng to 25a next reference signal occasion in the cell (20); and
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associ ated Wi th the rergioviemithd)segnehcecimdithelreferehoe poiet.er m ne a periodic
nmuting sequence indicating a nmuting pattern used for 5Smuting said reference
mdﬂals in the cell (20); and determine a reference point relating the

per i odifet. mutThHegwipsédsedomrhenication rappairatusafi 8y efrtemt i3rRirthandordptisiigia ne when t he
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ted. i t h [ 20 di di
o e eeasera kB ) bt B s rpos gtel RSl DM A M Cati on
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measur enmel irciheaeil (20054) for the cell (20), according to the determ nation
of when the reference signals are 15nuted in the cell (20). 15. The

wi rel ess communi cati on apparatus (14) of claim 13, wherein said reference
si gnal sisar e IHeaM%‘léststmhrammmibh@fbbaramf(en)%fczmlmi@nwhemhcsm’d cefsreneadigndier ei n

th I I de di b
e SOk O TS oS AR P S, BB SB BT T 1
WI rel e&&ft@ﬁmasrtheaémm‘d‘b Dy eéqmn(:eééazsedme:{eeemnga@equema:@‘tnmdmateqsrnesent s a
erenc n i on._and indicates e
OpED! Bl n datay A e A e P hel B S AP areits (U oithrith e
Com’runl;n@tatomreamsanata,gave(rﬂ.r@)ererhcecé|@ma‘no&dfaswd”m'rdendlcatlae whetiter olutieg W(iB®) i s

applied for that given reference signal occasion.

16. The wireless communication apparatus (14) of claim 15, wherein the controller (56) is
25  configured to determine the reference point by using a System Frame Number (SFN) of a
reference cell (20) in the wireless communication network (10) as the reference point, and to
relate the periodic muting pattern to the certain reference time by logically associating the first
indicator in the sequence of indicators with the first reference signal occasion that starts after
the beginning of SFN = 0 in the reference cell (20).
30
17. The wireless communication apparatus (14) of claim 13, wherein the cell (20) is not a
reference cell (20) for the wireless communication apparatus (14) that serves as a reference for
certain timing determinations at the wireless communication apparatus (14), and wherein the
controller (56) is configured to determine the reference point as a common reference point with
35 respect to the reference cell (20), or to determine the muting sequence as a common muting

sequence with respect to the reference cell (20).
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nunber of I , along with a common nuting sequence to be used by the
wirel esngjmcbo%mgelnégg(%n apparatus (14) for all cells (20) in the nunber of
cells (20). 2021. The wirel ess conmuni cati on apparatus (14) of claim 19,
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di fference between the reference point and anot her point corresponding to a

next rejerengh Gignal qg%ﬁ@rﬁ&é%f&nia[&péﬁéﬁ:scﬁhi ofg}a%qaa(kﬂefe}’dﬂhie hirdie? Z%é‘)‘%é' ng a
base muting sequence by an anount corresponding to6 said difrerence.
3028. Treenfigured bsdetermnineitiiecattingrseqppaceaitiudetermihingfa differemeestween theer
conpri Srlei’%ger{cg(b%‘n\{'aﬂg aﬁ&ﬁer point corresponding to a next reference signal occasion in the cell
(20), and cyclically shifting a base muting sequence by an amount corresponding to said

difference.

30 23 The wireless communication apparatus (14) of claim 22, further comprising receiving the

base muting sequence from the wireless communication network (10).

24, The wireless communication apparatus (14) of claim 13, wherein the controller (56) is
configured to determine at least one of the muting sequence and the reference point from

35 signaling received from a positioning node (24) in the wireless communication network (10).

25. A method (500) in a base station (18) configured for use in a wireless communication
network (10), said method comprising:
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jointly determning the nmuting configuration. 29. The nethod (500) of
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use W reless”co nrca
sal d baE&rﬁmﬁmgatﬁeonut(ng@onﬁwrpmm ng: a radi o communi cation int erface
(30) configured to transmt signals, including the reference signals;
29. The method (500) of claim 25, wherein the muting configuration for the cell (20) is
decided at a positioning or an operations and maintenance node (24) in the wireless
25  communication network (10), and wherein determining the muting configuration comprises
determining the muting configuration from signaling received from the positioning or operations

and maintenance node (24).

30. A base station (18) configured for use in a wireless communication network, said base
30 station (18) comprising:
a radio communication interface (30) configured to transmit signals, including the
reference signals;
a controller (34) operatively associated with the radio communication interface, and
configured to: determine a muting configuration for a cell controlled by the base station (18),
35 said muting configuration defined at least in part by at least one of a reference point and a
muting sequence comprising a pattern for muting reference signals periodically transmitted for
the cell (20); and mute the reference signals for the cell (20) according to the muting
configuration.
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nore cells (20); and signaling (606) the assistance data to the one or nore

user eq\g.g_ pneﬂ'ﬁw%tf{oqjﬂ(bOO) in a positioning node (24) configured for operation in a wireless
25 communication network (10), said method comprising:
determining (602) a muting configuration for each of one or more cells (20) of the

wireless communication network (10), wherein the muting configurations of the one or more
cells (20) control the times when muting is applied to reference signals periodically transmitted
in each of the one or more cells (20);

30 generating (604) assistance data for one or more user equipments (14), said assistance
data indicating the muting configurations of the one or more cells (20); and

signaling (606) the assistance data to the one or more user equipments (14).
36. The method (600) of claim 35, wherein determining the muting configurations comprises

35 determining the muting configurations from signaling received from one or more base stations

(18), indicating the muting configurations.
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assistance data for one or more user equipments (14), said assistance data indicating the
25  muting configurations of the one or more cells (20); and
a communication interface (40) operatively associated with the one or more processing
circuits (42) and configured to signal the assistance data to the one or more user equipments

(14).

30 40. The positioning node (24) of claim 39, wherein the positioning node (24) is configured to
determine the muting configurations based on being configured to determine the muting
configurations from signaling received from one or more base stations (18), indicating the

muting configurations.
35 41, The positioning node (24) of claim 40, wherein the positioning node (24) is configured to
determine the muting configurations from the signaling received from the one or more base

stations (18) based on being configured to:
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fur her by sending control signaling to the base station (18) or stations
(1§) associated with the one or nore cells (20), to 1l5cause the one or nore
base st4 i onEhe(H@)tionmgawdpt(24)oé claind B8 gwioeraini the pasiiianing dets @dHislppntigused to

positi Odeite}%irﬁ’éot‘h@ n(&ﬁ‘)g'configurations by the positioning node (24) deciding the muting
configurations to be used for each of the one or more cells (20), and further by sending control
signaling to the base station (18) or stations (18) associated with the one or more cells (20), to
15  cause the one or more base stations (18) to adopt the muting configurations decided by the

positioning node (24).
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