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USER EQUIPMENT, NETWORK NODE AND
METHODS THEREIN

TECHNICAL FIELD

[0001] Embodiments herein relate to a user equipment, a
network node, and methods therein. In particular, embodi-
ments herein relate to handle cell change 1n a radio commu-
nications network.

BACKGROUND

[0002] In today’s radio communications networks a num-
ber of different technologies are used, such as Long Term

Evolution (LTE), LTE-Advanced, Wideband Code Division
Multiple Access (WCDMA), Global System for Mobile com-
munications/Enhanced Data rate for GSM Evolution (GSM/
EDGE), Worldwide Interoperability for Microwave Access
(WiMax), or Ultra Mobile Broadband (UMB), just to mention
a few possible technologies for radio communication. A radio
communications network comprises radio base stations pro-
viding radio coverage over at least one respective geographi-
cal area forming a cell. User equipments (UE) are served 1n
the cells by the respective radio base station and are commu-
nicating with respective radio base station. The user equip-
ments transmit data over a radio iterface to the radio base
stations 1n uplink (UL) transmissions and the radio base sta-
tions transmit data to the user equipments in downlink (DL)
transmissions.

[0003] The possibility of 1identifying a geographical loca-
tion of a user equipment 1n the radio communications network
has enabled a large variety of commercial and non-commer-
cial services, e€.g. navigation assistance, social networking,
location-aware advertising, emergency calls, etc. Different
services may have different positioning accuracy require-
ments 1mposed by the positioming application. In addition,
some regulatory requirements on the positioning accuracy for
basic emergency services exist in some countries, e.g. 300
meters 1 Federal Communications Commission (FCC)
Enhanced 9-1-1 1n the United States.

[0004] In many environments, a user equipment’s position
may be accurately estimated by using positioning methods
based on the Global Positioning System (GPS). Nowadays,
radio communications networks also often have a possibility
to assist user equipments in order to improve the user equip-
ment’s recerver sensitivity and GPS start-up performance,
¢.g. as Assisted-GPS (A-GPS) positioning do. GPS or A-GPS
receivers may, however, not necessarily be available 1n all
user equipments. Furthermore, GPS 1s known to often fail in
indoor environments and urban canyons. A complementary
terrestrial positioning method, called Observed Time Difler-
ence of Arrival (OTDOA), has therefore been standardized by
3rd Generation Partnership Project (3GPP). In addition to
OTDOA, the LTE standard also specifies methods, proce-
dures, and signaling support for Enhanced Cell ID (E-CID)
and Assisted-Global Navigation Satellite System (A-GNSS)
positioning. In future, Uplink Time Difference of Arrival
(UTDOA) may also be standardized for LTE, which 1s a real
time locating technology that uses multilateration based on
timing of received uplink signals. Multilateration 1s the pro-
cess of locating an object by accurately computing the Time
Difference Of Arrival (TDOA) of a signal emitted from that
object to three or more recervers.

[0005] With E-CID, the following sources of position infor-
mation are mvolved: the Cell Identification (CID) and the
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corresponding geographical description of the serving cell,
the Timing Advance (TA) of the serving cell, and the CIDs
and the corresponding signal measurements of the cells, up to
32 cells in LTE, including the serving cell, as well as Angle of

Arrval (AoA) measurements. The following UE measure-
ments may be utilized for E-CID 1n LTE: evolved UMTS

Terrestrial Radio Access Network (E-UTRAN) carrier
Received Signal Strength Indicator (RSSI), Reference Signal
Received Power (RSRP); Reference Signal Recerved Quality
(RSRQ); and UE Receive-Transmit (Rx-Tx) time difference.
The E-UTRAN measurements available for E-CID are: radio
base station Rx-Tx time difference; TA Type 1 being radio
base station Rx-Tx time difference+UE Rx-Tx time differ-

ence; TA Type 2 being radio base station Rx-Tx time differ-
ence, and UL AoA.

[0006] UE Rx-Tx measurement 1s currently defined for the
serving cell only, and e.g. RSRP and RSRQ as well as AocA
may be utilized for any cell and may also be conducted on a
frequency different from that of the serving cell. UE measure-
ments for E-CID are reported by the user equipment to the
positioning node, e.g. Enhanced Serving Mobile Location

Centre (SMLC) or Secure User Plane Location (SUPL) Loca-
tion Platform (SLP) 1n LTE, over the LTE Positioning Proto-
col (LPP), and the E-UTRAN measurements for E-CID are
reported by the radio base station to the positioning node over
the LPP Annex protocol (LPPa). Both the UE and the
E-UTRA measurements may be configured to be reported
periodically or once. Some UE Rx-Tx measurements that are
available 1n the radio base station may also be reported over
LLPPa on request from the positioning node. In addition to that
the UE Rx-Tx time difference to the positioning node 1s
reported over LPP, mainly to support the user-plane position-
ing, 1t also 1s reported via Radio Resource Control (RRC) to

radio base station so that the TA Typel can be provided by
radio base station.

[0007] With OTDOA, a user equipment measures the tim-
ing differences for downlink reference signals recerved from
multiple distinct locations. For each measured neighbor cell,
the user equipment measures Reference Signal Time Difler-
ence (RSTD) which 1s the relative timing difference between
neighbor cell and the reference cell. The estimate of the user
equipment position 1s then found as the intersection of hyper-
bolas, which are geometrical curves, corresponding to the
measured RSTDs. At least three measurements from geo-
graphically dispersed radio base stations with a good geom-
etry are needed to solve for two coordinates of the user equip-
ment and the user equipment recerver’s clock bias. In order to
solve for position, precise knowledge of locations of respec-
tive transmitter of the radio base stations and transmit timing,
offset 1s needed. Position calculation may be conducted, for
example, by the positioning node, e.g. Enhanced Serving
Mobile Location Centre (SMLC), Secure User Plane Loca-
tion (SUPL) Location Platform (SLP) in LTE, or the user
equipment. The former approach corresponds to the user
equipment-assisted positioning mode, and the latter corre-
sponds to the user equipment-based positioning mode.

[0008] To enable positioning in LTE and facilitate a posi-
tioning measurement of a proper quality and for a suificient
number of distinct locations, new physical signals dedicated
for positioning, e.g. Positioning Reference Signals (PRS),
have been introduced and low-interference positioning sub-
frames have been specified in 3GPP. PRSs are transmitted
from one antenna port, e€.g. antenna port R6, according to a
pre-defined pattern. A frequency shiit, which 1s a function of




US 2012/0149430 Al

the Physical Cell Identity (PCI), may be applied to the speci-
fied PRS patterns to generate orthogonal patterns and mod-
clling the effective frequency reuse of six patterns, which
makes 1t possible to significantly reduce neighbour cell inter-
terence on the measured PRS and thus improve a positioning
measurement. Even though PRSs have been specifically
designed for a positioning measurement and 1n general are
characterized by better signal quality than other reference
signals, the standard does not mandate using the PRSs. Other
reference signals, e.g. Cell-specific Reference Signals (CRS)
may also be used for a positioning measurement.

[0009] PRSs are transmitted 1n a predefined pattern such as
pre-defined positioning subiframes grouped by a number N of
consecutive subirames of PRS, NPRS for short, 1.e. one posi-
tioming occasion. Positioning occasions occur periodically
with a certain periodicity of the number N of subiframes, 1.¢.

the time 1nterval between two positioming occasions. The
standardized periods are 160, 320, 640, and 1280 ms stated 1n

3GPP TS 36.211 section 6.10.4.3, and the number of con-
secutive subframes are 1, 2, 4, and 6 as defined in 3GPP TS
36.355 section 6.5.1.2.

[0010] The OTDOA and other positioning methods such as

E-CID are to be used also for emergency calls. Hence the
response time of these measurements should be as low as
possible to meet the emergency call requirements.

[0011] It has been discussed and agreed that e.g. the
OTDOA positioning measurements may in general continue
upon handover and no specific behavior or additional proce-
dures need to be specified when an OTDOA positioning ses-
s10n 15 on-going upon handover (HO). The general handover
procedures are defined 1n 3GPP. To simplify the handover
procedures, the reference cell 1n the OTDOA assistance data
1s not necessarily the same as the serving cell, which means
that after changing the serving cell, the user equipment may
avold requesting new assistance mformation since the refer-

ence cell does not change. For E-CID, nothing specific has
been discussed 1n the context of handover.

[0012] Unlike some other timing measurements, UE Rx-Tx
measurements available for E-CID positioning are specified
only for the serving cell, which means that at e.g. a handover
the user equipment will not be able to continue properly with
this measurement after the serving cell changes. Similarly the
radio base station Rx-Tx time difference measurements and

AoA measurements are performed by the radio base station
on the signals received from the user equipment at the serving
cell. The E-CID method may also require additional neighbor
cell measurements e.g. RSRP and RSRQ, which are mea-
sured by the user equipment on the neighboring cells. Due to
these differences between E-CID and OTDOA 1t may be not
feasible to have the same handover behaviors for both
OTDOA and E-CID. Today, the user equipment may provide
erroneous positioning measurements since the positioning
measurements may rely on wrong assumptions made by the
user equipment which may also be inconsistent with the infor-
mation at the positioning node providing the positioning
assistance data. Thus, today’s radio communications net-
works sometimes does not achieve the required positioning
accuracy since the radio base station and the user equipment
makes erroneous assumption about their respective behaviour
and the user equipment may not fulfil the positioning mea-
surement requirements, €.g. when positioning during a cell
change.

SUMMARY

[0013] An object of embodiments herein i1s to enable a
positioning ol a user equipment 1n a radio communications
network that 1s accurate 1n an efficient manner.
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[0014] According to an aspect the object 1s achieved by a
method 1n a user equipment for handling cell change in aradio
communications network. The user equipment 1s served by at
least a first cell controlled by a radio network node. The user
equipment 1s to perform a cell change process to a second cell
and a positioning session of the user equipment, and the user
equipment postpones one of the positioning session and the
cell change process relative one another.

[0015] According to another aspect the object 1s achieved
by a method a network node for handling cell change of a user
equipment between cells 1n a radio communications network.
The user equipment 1s served 1n a first cell controlled by the
network node. The network node delays an 1nitiation of a
positioning session for the user equipment 1n case there 1s an
on-going cell change process of the user equipment. Some
examples of the network node are positioning node and
MME.

[0016] According to another aspect the object 1s achieved
by a user equpment for handling cell change 1 a radio
communications network. The user equipment 1s arranged to
be served by at least a first cell controlled by a radio network
node. Furthermore, the user equipment comprises a postpon-
ing circuit configured to postpone one of a positioning session
and a cell change process to a second cell relative to one
another when to perform the cell change process and the
positioning session of the user equipment.

[0017] According to another aspect the object 1s achieved
by network node for handling cell change of a user equipment
between cells in a radio communications network. The user
equipment 1s served 1n a first cell controlled by the network
node. The network node comprises a delaying circuit config-
ured to delay an 1imitiation of a positioning session for the user
equipment in case there 1s an on-going cell change process of
the user equipment.

[0018] As the positioning session 1s postponed or delayed
relative the cell change process, or the cell change 1s post-
poned or delayed relative the positioning session, the posi-
tioning of the user equipment will be accurate as the serving
cell does not change during the positioning session.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Embodiments will now be described 1n more detail
in relation to the enclosed drawings, 1n which:

[0020] FIG. 1 1s a schematic overview of a radio commu-
nications network,

[0021] FIG. 2 1s a schematic combined flowchart and sig-
naling scheme 1n a radio communications network,

[0022] FIG. 3 1s a schematic combined flowchart and sig-
naling scheme 1n a radio communications network,

[0023] FIG. 4 1s a schematic flowchart of a method 1n a user
equipment,

[0024] FIG. 5 1s a block diagram depicting a user equip-
ment,

[0025] FIG. 6 1s a schematic flowchart ol a method 1n a

network node, and

[0026] FIG. 7 1s ablock diagram depicting a network node.
DETAILED DESCRIPTION
[0027] FIG. 1 1s a schematic overview of a radio commu-

nications network such as a Long Term Evolution (LTE),
LTE-Advanced, Wideband Code Division Multiple Access
(WCDMA), Global System for Mobile communications/En-
hanced Data rate for GSM Evolution (GSM/EDGE), World-
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wide Interoperability for Microwave Access (WiMax), or
Ultra Mobile Broadband (UMB), network just to mention a
few possible implementations. The radio communications
network comprises a radio network node, such as a first radio
base station 12, providing radio coverage over at least one
geographical area forming a first cell 11. A user equipment 10
1s served 1n the first cell 11 by the first radio base station 12
and 1s communicating with the first radio base station 12. The
first cell 11 1s thus a serving cell to the user equipment 10 1n
this example. The user equipment 10 transmits data over a
radio interface to the first radio base station 12 1n an uplink
(UL) transmission and the first radio base station 12 transmits
data to the user equipment 10 1n a downlink (DL) transmis-
sion. The radio communications network may further com-
prise a second radio base station 13. The second radio base
station 13 provides radio coverage over another geographical
area forming a second cell 14. The radio communications
network may further comprise a third radio base station 15.
The third radio base station 15 provides radio coverage over
another geographical area forming a third cell 16. Further-
more, the radio communications network may comprise a
positioning node 17 and a Mobility Management Entity
(MME) 18 arranged 1n a core network of the radio commu-
nications network. A network node according to embodi-
ments herein may be the positioning node 17 or the MME 18.

[0028] The positioning node 17 may be exemplified as a
Location Service (LCS) server, Server Mobile Location Cen-
tre (SMLC), Secure User Plane Location (SUPL) Location
Platform (SLP) or any network node enabled to perform
positioning of the user equipment 10.

[0029] It should be understood that the term “user equip-
ment” 1s a non-limiting term which means any wireless ter-
minal, device or node e.g. Personal Digital Assistant (PDA),
laptop, mobile, sensor, relay, an LCS target device 1in general,
an LCS client 1n the network or even a radio node e.g. small
base station that are being positioned. The user equipment 10
may also be capable and not capable of performing inter-
frequency measurements without gaps, €.g. a user equipment
capable of carrier aggregation.

[0030] A radio network node may be any node equipped
with a radio iterface. Some examples are radio base station,
radio measurement unit (e.g., location measurement unit) and
radio beacon devices. The respective radio base station 12,13,
15, which are examples of radio network nodes, may also be
referred to as e.g. a NodeB, an evolved Node B (eNB, eNode
B), a base transce1ver station, Access Point Base Station, base
station router, or any other network unit capable to commu-
nicate with a user equipment 10 within the cells 11,14,16
depending e.g. of the radio access technology and terminol-
ogy used. Also, the respective radio base station 12,13,15 may
turther serve one or more cells and the radio network node
serving the user equipment 10 may further be exemplified as
a relay node or a beacon node.

[0031] According to embodiments herein the user equip-
ment 10 1s e.g. moving from the first cell 11 towards the
second cell 14 and, at the same time, during or just before, a
positioning of the user equipment 10 1s requested. It has been
part of the solution to find out that the user equipment 10, after
cell change, samples and measures a signal for a new serving
cell, 1.e. the second cell 14, and reports the measurement for
the second cell 14, whilst the radio base station 12 may not be
aware of this cell change. Furthermore, the user equipment 10
may accumulate a signal from the old serving cell, 1.e. the first
cell 11, and then a signal from the second cell 14 for the same
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measurement. This will cause severe ambiguity 1n the mea-
surement results, which in turn will translate into the deter-
mination of the position of the user equipment 10 with large
uncertainty. Additionally, the positioning node 17 may
receive information, e.g. from another network node, that the
serving cell has changed for the user equipment 10, whilst the
positioning node 17 still receives and processes the measure-
ment at least partially based on measuring signals 1n the first
cell 11. In erther case, the final position of the user equipment
10 may be wrongly calculated, especially when the locations
of the first radio base station 12 and the second radio base
stations 13 are different or the transmit timing 1s not exactly
the same for the two cells 11,14.

[0032] According to embodiments herein this 1s solved by
postpomng either the cell change process, e.g. handover, cell
reselection or any type of the cell change process, or the
positioning session, €.g. OTDOA session, E-CID session or
similar, until the other one 1s finished. One could also state to
postpone or delay one of the positioning session and the cell
change process to the second cell 14 relative one another
when performing cell change process and the positioning
session. For example, when the cell change process 1s on-
going, the user equipment 10 may postpone the positioning
session and/or a measurement session for positioning until
the cell change process 1s over. Postponing a positioning
session may mean delaying the mitiation of the positioning
session, delaying the re-imitiation of the positioning session or
delaying a measurement procedure. Similarly, when a posi-
tioning session 1s on-going and a cell change command 1s
received by the user equipment 10, the user equipment 10
may postpone the cell change process. Such positioning ses-
sion may comprise OTDOA or E-CID process. For example,
for enabling positioning of the user equipment 10 in the radio
communications network the positioning node 17 may deter-
mine at least one cell for which timing information, such as a
System Frame Number (SFN), 1s known or can be obtained by
the user equipment 10. Then, the positioning node 17 gener-
ates a message comprising positioning assistance data, which
positioning assistance data comprises information associated
with the at least one cell. The information may be represented
by the at least one cell, e.g. cell identity, or other information
identifving the at least one cell. The information may be
transmitted 1n a separate information element €.g. 1n an infor-
mation element of a LTE Positioning Protocol (LPP). The at
least one cell may be indicated as a reference cell or 1n a
neighbour cell list 1n e.g. an Observed Time Difference of
Arrival (OTDOA) assistance data. The positioning assistance
data may also be referred to as assistance data and enable the
user equipment 10 to perform positioming measurements.
Furthermore, the positioning node 17 transmits the message
to the user equipment 10 to be used for positioning the user
equipment 10. In the illustrated example the first cell 11
serving the user equipment 10 1s not a reference cell n the
positioning assistance data, however, the reference cell in the
positioning assistance data may be the cell serving the user
equipment 10. As stated above, the positioning node 17 may
delay e.g. the mitiation of the positioning session for the
particular user equipment 10 as there 1s e.g. an on-going
handover procedure. Hence the positioning node 17 may send
a positioming request to the user equipment 10 after the han-
dover 1s completed.

[0033] As the positioning session 1s postponed relative the
cell change process, the positioming of the user equipment
will be accurate as the serving cell does not change during the
positioning session.
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[0034] FIG. 2 1s a schematic combined flowchart and sig-
nalling scheme 1n a radio communications network. The steps
do not have to be taken 1n the order stated below, but may be
taken 1n any suitable order.

[0035] Step 201. Each radio base station 12,13,15 broad-
casts and transmits reference signals carrying System Infor-
mation (SI) or similar providing radio coverage over geo-
graphical areas. The user equipment 10 1s served 1n the first
cell 11 but moves towards the second cell 14, and continu-
ously measures signal strengths of received reference signals.
The user equipment 10 may periodically report signal
strengths 1n measurement reports or may report the signal
strengths when a criterion 1s met, €.g. the signal strength of the
second cell 14 1s stronger than the signal strength of the first
cell 11 a certain amount.

[0036] Step 202. The user equipment 10 may report signal
strengths that indicate a cell change process, 1n the illustrated
example a handover (HO), to the first radio base station 12.
The first radio base station 12 then initiates the handover e.g.
by reporting the signals strengths to the MME 18.

[0037] Step 203. The MME 18 may mitiate the handover
process by communicating with a second MME, the second
radio base station 13, and/or the first radio base station 12.

[0038] Step 204. Duning the cell change process, the posi-
tiomng node 17 may send a positioning request to the user
equipment 10, which positioming request may further com-
prise positioning assistance data. The positioning assistance
data may comprise system or measurement bandwidth of the
second cell 14, bandwidth of a Positioning Reference Signal
(PRS) of the second cell 14, periodicity of the PRS 1n the
second cell 14, expected Reference Signal Time Diflerence
(RSTD), RSTD uncertainty, and other information relating to
the positioning involving the second cell 14. The positioning,
assistance data may be used to assist when measuring time
difference of arrival of different reference signals of the cells
comprised in the positioning assistance data. The request with
the positioning assistance data may be triggered to be gener-
ated by a location service mitiation from the MME 18 but may
also be requested by the user equipment 10. For example, the
MME 18 or the user equipment 10 may 1nitiate a service to
position the user equipment 10, 1.¢. a geographical location of
the user equipment 10 1s requested. The positioning node 17
may then receive an order from the MME 18 or the user
equipment 10 to position the user equipment 10.

[0039] Step 205. When cell change process such as the
handover 1s on-going, the user equipment 10 may decide to
postpone positioning session €.g. delaying a measurement
procedure for positioning or measurement reporting, until the
handover 1s over. In some embodiments, the positioning ses-
s1on may be postponed for a specific positioning session €.g.
E-CID, specific positioming measurements ¢.g. UE Rx-Tx
time difference, or positioning services e.g. when the on-
going session 1s not related to the emergency calls.

[0040] Inanother embodiment, the positioning session may
be or may not be postponed, depending on the type of han-
dover. For example, the user equipment 10 defers or delays
the positioning measurement session 1 there 1s an on-going
intra-frequency handover wherein the frequency remains the
same but does not defer the positioning session when there 1s
an 1nter-Radio Access Technology (RAT) handover e.g.
E-UTRA to UTRA handover. This 1s because the intra-fre-
quency handover may be considered more critical than the
remaining types of handovers. ‘Intra-> means between the
same RAT or frequency and ‘inter-" means between different
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R ATs or frequencies. A positioning session may be postponed
depending on the combination of the factors above. An 1ndi-
cator of the delay or stop, or an abort or faillure message may
be sent to the first radio base station 12 when the positioning
session 1s stopped or delayed. Also, when a positioning mea-
surement session has been delayed, an indication of this and
possible also the reason may be sent by the user equipment 10
to the network e.g. the positioning node 17.

[0041] Step 206. The user equipment 10 may finalize the
handover by sending a handover confirmation. The handover
confirmation may be forwarded to the MME 18.

[0042] Step 207. The user equipment 10 may then after the
cell change process 1s finished perform the positioning mea-
surements on each cell. For example, the user equipment 10
performs a positioning measurement using the positioning
assistance data in the request and timing information of the
new serving cell e.g. the second cell 14, to enable positioning
of the user equipment 10. The user equipment 10 may then
perform corresponding positioning measurements of the sec-
ond cell 14 and the third cell 16. A possibility to postpone a
measurement implies also at least a possibility of a later
reporting of the measurement result.

[0043] Step 208. The user equipment 10 may then report
the positioning measurement/s back to the positioning node
17 via the second radio base station 13.

[0044] Step 209. The positioming node 17 may then, based
on the received positioning measurements, calculate the posi-
tion of the user equipment 10. Alternatively or additionally,
the user equipment 10 may calculate the position and report

the position back to the second radio base station 13, e.g. in
UE-based OTDOA embodiments.

[0045] FIG. 3 1s a schematic combined flowchart and sig-
nalling scheme 1n a radio communications network. The steps
do not have to be taken 1n the order stated below, but may be
taken 1n any suitable order.

[0046] Step 301. The positioning node 17 may send a posi-
tioning request to the user equipment 10 via the first radio
base station 12. This step corresponds to the step 204 in FIG.

2

[0047] Step 302. Each radio base station 12,13,15 broad-
casts and transmits reference signals carrying system infor-
mation (SI) or similar providing radio coverage over geo-
graphical areas. The user equipment 10 1s served in the first
cell 11 but moves towards the second cell 14, and continu-
ously measures signal strengths of recerved reference signals.
This step corresponds to the step 201 1in FIG. 2. Signal
strengths difference may be reported to the network, e.g. the
first radio base station 12 or second radio base station 13, and
when decision 1n the network 1s made e.g. the first and second
radio base stations 12,13 decide based on signal strengths
difference and available resources, a handover command may
be sent to the user equipment 10.

[0048] Step 303. When a positioning session 18 0n-going
and a cell change request ¢.g. a handover command, 1is
received by the user equipment 10, the user equipment 10
may decide to take one or more actions, which may either be
pre-defined or pre-configured by the network node, e.g. posi-
tioning node 17 or a radio network node 12,13, and 1n the user
equipment 10 via signaling. For example, the user equipment
10 may postpone the cell change process, such as the han-
dover process, until time T0 and may possibly indicate this
and the reason to the network e.g. the first radio base station
12 or second radio base station 13. The time T0 may be
pre-defined or configured by the network node or may corre-




US 2012/0149430 Al

spond to the end of the on-going positioming session. The user
equipment 10 may also postpone the cell change process only
for a specific positioning session €.g. based on type of posi-
tioming technique such as E-CID. In some embodiments the
user equipment may postpone the cell change for specific
positioning measurements, e.g. UE Rx-Tx time difference;
and/or for a certain type of positioning services €.g. when the
on-going positioning session 1s related to the emergency
calls.

[0049] The user equipment 10 may also postpone the han-
dover session as above but only 11 the handover 1s of a certain
type, e.g. intra-frequency, inter-frequency, intra-R AT or inter-
RAT, or occurs due to a certain reason. This 1s e.g. because
intra-frequency handover may be more important because the
user equipment 10 may lose coverage, whilst inter-R AT han-
dover 1s often done for the purpose of load balancing, e.g.
when multiple RATs are co-located. Furthermore, changing,
frequency 1n an inter-frequency handover or changing RAT 1n
an inter-RAT handover may require reconfiguring or config-
uring of new measurement gaps. In some embodiments, the
decision to postpone handover may be based on any combi-
nation of the above. Thus, the parameters, e.g. a specific
measurement and a specific handover type, may be consid-
ered jointly.

[0050] Step 304. The user equipment 10 may then perform
the positioning measurements on each cell. For example, the
user equipment 10 performs a positioning measurement using,
the positioning assistance data 1n the positioning request and
timing information of the serving cell e.g. the first cell 11, to
enable positioning of the user equipment 10. The user equip-

ment 10 may then perform corresponding positioning mea-
surements of the second cell 14 and the third cell 16.

[0051] Step 305. The user equipment 10 may then report by
transmitting the positioning measurement/s back to the posi-
tioming node 17 via the first radio base station 12.

[0052] Step 306. The positioming node 17 may then, based
on the received positioning measurements, calculate the posi-
tion of the user equipment 10. Alternatively or additionally,
the user equipment 10 may calculate the position and report

the position back to the first radio base station 12, e.g. in
UE-based OTDOA embodiments.

[0053] Step 307. The user equipment 10 may then when the
positioning session 1s over continue with the cell change
process e.g. by sending an updated measurement report of

signal strengths indicating a cell change up to the MME 18 via
the first radio base station 12.

[0054] Step 308. The MME 18 may then mitiate handover
and then send a handover command to the user equipment 10.

[0055] Step 309. The user equipment 10 connects to the
second cell 14 and transmits a handover confirmation to the
MME 18.

[0056] The method steps 1n the user equipment 10, for
handling cell change 1n a radio communications network
according to some general embodiments will now be
described with reference to a flowchart depicted in FIG. 4.
The steps do not have to be taken 1n the order stated below, but
may be taken in any suitable order. The user equipment 10 1s
served by at least a first cell 11 controlled by a radio network
node 12. The steps that are performed only in some of the
embodiments are indicated with dashed boxes 1n FIG. 4.

[0057] Step 401. The user equipment 10, when to perform
a cell change process to a second cell 14 and a positioning
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session of the user equipment 10, postpones one of the posi-
tioning session and the cell change process relative one
another.

[0058] Insome embodiments when the cell change process
1s on-going, the user equipment postpones the positioning
session until the cell change process 1s over. The positioning
sess10n may comprise a measurement procedure for position-
ing and a measurement reporting, and the postponing of the
positioning session may comprise to delay at least one of the
measurement procedure and the measurement reporting.
Postponing a positioning session may thus mean delaying the
initiation of the positioning session, delaying the re-mitiation
of the positioning session or delaying a measurement proce-
dure.

[0059] Insomeembodiments, when the positioning session
1s on-going and a cell change command, e.g. handover com-
mand, 1s received by the user equipment 10, the user equip-
ment 10 may postpone the handover process until a first time
T0. The first time T0 may be pre-defined or configured by the
positioning node 17, or correspond to the end of the on-going
positioning session.

[0060] The user equipment 10 may postpone for a specific
type of positioning session, a specific type ol positioning
measurements of the positioning session, or a specific type of
positioning services ol the positioning session and/or depend-
ing on a type of cell change process.

[0061] Step 402. In some embodiments the user equipment
10 may drop the on-going positioning session or the measure-
ment session for a specific positioning method or specific
measurement. Thus, the user equipment 10 may postpone the
positioning session by dropping the on-going positioning
session or the measurement process for a specific positioning
method, e.g., OTDOA or E-CID when UE Rx-Tx has been
requested, or for specific measurement e.g. UE Rx-Tx 1n
E-CID. Furthermore, the user equipment 10 may abort the
positioning session, 1.€. send an abort message to a network
node, e.g. positioning node, E-SMLC or SLP 1in LTE to stop
the positioning session.

[0062] Step 403. The user equipment 10 may transmit an
indicator, an abort message, or a failure message to a posi-
tioning node 17 when the positioning session 1s postponed.
Furthermore, the user equipment 10, when the measurement
session 1s postponed, may transmit an indication of this and a
reason to the positiomng node 17. The user equipment 10 may
send a descriptive abort message to a network node, e.g.
positioning node 17, E-SMLC or SLP 1n LTE, e.g. indicating
the reason such as ‘handover’, ‘intra-ifrequency handover’,
“inter-frequency handover’, or similar.

[0063] Step 404. The user equipment 10 may receive posi-
tioning assistance data from a positioning node 17. The posi-
tioning assistance data and a system frame number of at least
one cell 1n the positioming assistance data 1s to be used when
to perform a positioning measurement. The positioning assis-
tance data may comprise an indication of a cell serving the
user equipment 10. Upon recerving the positioning assistance
data, the user equipment 10 may check whether the serving
cell 1s still the same as indicated 1n the positioning assistance
data. It the serving cell has changed the user equipment 10
behaviour may be pre-defined as stated below.

[0064] Step 405. The user equipment 10 may check, after
the cell change process 1s performed, that the second cell 14
1s 1n the recerved positioming assistance data. Thus, the user
equipment 10 may check whether the new serving cell 1s still
in the available assistance data.
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[0065] Step 406. The user equipment 10 may then send,
when the second cell 14 1s not 1n the positioning assistance
data, a request for the positioning assistance data of the sec-
ond cell 14 only to the positioning node 17. Hence, at han-
dover (HO), the user equipment 10 actually recerves the PCI
and earfcn of the new cell 1n the handover command. So,
according to some embodiments, the user equipment 10 may
be able to know whether 1t should request new positioning,
assistance data or not. When the new serving cell 1s not 1n the
previous positioning assistance data provided, the user equip-
ment 10 may request new assistance data and the message
used may be the normal assistance data request.

[0066] Step 407. The user equipment 10 may check, after
the cell change process 1s performed, that the indication 1n the
received positioning assistance data indicates the second cell
14 as the cell serving the user equipment 10.

[0067] Step 408. The user equipment 10 may send, when
the second cell 14 1s not indicated 1n the positioning assis-
tance data as the cell serving the user equipment 10, a serving,
indication indicating that the second cell 14 1s the cell serving
the user equipment 10 to the positioning node 17.

[0068] Thus, 1n some embodiments, the user equipment 10
may indicate serving cell to the radio base station 12. In case
the user equipment 10 1dentifies the serving cell change, there
1s currently no specified way to indicate this to the network
¢.g. positioning node 17. Either the case when the user equip-
ment 10 requests new assistance data or aborting the posi-
tioming session 1mply at least one of degraded positioning,
performance, longer total time for obtaining the final posi-
tion, sigmificant impact on the emergency positioning. Fur-
thermore, by sending a serving cell indication to the position-
ing node 17, the positioning node 17 1s informed about the
cause and may conclude how much and which parts of the
positioning assistance data need to be updated or whether
another positioning method may be selected. That 1s, 1n some
embodiments the positioning node 17 may “remember” or

store a serving cell information. The serving cell information
may be obtained e.g. via Cell ID request from radio base
station, e.g. the first radio base station 12. Upon receiving a
tailure indicator with a handover-related reason indication or
an assistance data request with the same reasoning, the posi-
tioming node 17 may regenerate or update the assistance data,
while ensuring the serving cell 1s included in the list). In some
embodiments, the positioning node 17 sends the user equip-
ment 10 the positioning assistance data comprising the infor-
mation about the new serving cell only.

[0069] Upon recerving the positioming assistance data, the
user equipment 10 may check whether the serving cell 1s still
the same as indicated 1n the positioning assistance data. It the
serving cell has changed the user equipment behavior may be
pre-defined. For example, the user equipment 10 may check
whether the new serving cell 1s still 1n the available position-
ing assistance data and 11 1t 1s not the user equipment 10 may
send a request for the positioning assistance data, e.g. only for
the new serving cell. It the frequency has also changed with
the changing of the serving cell, the user equipment 10 may
request measurement configuration or reconfiguration 1f the
user equipment 10 1s not capable of measuring on that fre-
quency without measurement gaps. The user equipment 10
may send such a request to a network node e.g., positioning,
node 17, or a radio network node, e.g. the second radio base
station 13 or femto gateway. A request may also contain an
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‘inter-frequency handover’ indicator. The user equipment 10
may also send a descriptive abort message to a network node,
¢.g. the positioning node 17.

[0070] At HO, the user equipment 10 actually recerves the
PCI and earfcn of the second cell 14 1n a HO command. So,
according to some embodiments, the user equipment 10 1s
able to know whether the user equipment 10 should request
for new positioning assistance data or not. If the new serving
cell, 1.e. the second cell 14, 1s not in the previous positioning
assistance data provided, the user equipment 10 may request
new positioning assistance data and the message used may be
the normal assistance data request.

[0071] Step 409. When the user equipment 10 changes cell
to the second cell 14, which second cell 14 operates at least
partly over a different frequency band than the first cell 11, the
user equipment 10 may request measurement reconfiguration
when the user equipment 10 1s not capable of measuring on
that different frequency band without measurement gaps.
Thus, when the frequency has also changed with changing the
serving cell, the user equipment 10 may request measurement
reconiiguration i the user equipment 10 1s not capable of
measuring on that frequency without measurement gaps, €.g.
by sending an ‘inter-frequency handover’ indicator or send-
ing a descriptive abort message to the network node.

[0072] Step 410. The user equipment 10 may change from
the first cell to the second cell, and then restart performing
Rx-Tx measurements on the second cell after the cell change
process to the second cell 14. The Rx-Tx measurement covers
both UE Rx-Tx and radio base station Rx-Tx and also TA
Type 1, which mvolves both UE and radio base station Rx-
TX. For example, some UE measurements are also available
in first radio base station 12, e.g. UE Rx-Tx time differences.
However, the UE Rx-Tx time difference 1s only defined for
the serving cell, so the user equipment measurement cannot
continue after the serving cell changes. So, in some embodi-
ments, the user equipment 10 may restart the Rx-Tx measure-
ment after the cell change e.g. handover, and report 1t only for
the new serving cell. If the measurement quality 1s below a
certain level, the measurement shall not be reported by the
user equipment 10 or 1t may be reported with the quality
metric. Alternatively, the user equipment 10 may decide to
not 1include the quality metric 1f the measurement has a low
quality and the likely reason 1s handover, and thus insufficient
measurement time; not including the metric but reporting the
measurement the positioning node 17 may interpret in a pre-
defined way, e.g. that the measurement has been disturbed
¢.g. by handover.

[0073] Step 411. The user equipment 10 may report the
Rx-Tx measurements only for the second cell 14 serving the
user equipment 10.

[0074] The first cell 11 may be the serving cell mnitially
serving the user equipment 10 and second cell 14 may be the
neighbour cell before the cell change. The cell change process
may be represented by a handover process, a cell reselection
process, or a primary cell change. The first cell 11 may be a
primary cell and the second cell 14 may be a secondary cell in
a multi-carrier system.

[0075] FIG. 5 1s a block diagram depicting a user equip-
ment for handling cell change 1n a radio communications
network. The user equipment 10 1s arranged to be served by at
least a first cell 11 controlled by a radio network node 12. The
user equipment 10 comprises a postponing circuit 301 con-
figured to postpone one of a positioning session and a cell
change process to a second cell 14 relative to one another
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when performing the cell change process and the positioning,
session of the user equipment 10. In some embodiments the
cell change process may be on-going, and the postponing
circuit 501 1s configured to postpone the positioning session
until the cell change process 1s over. In some embodiments,
the positioning session comprises a measurement procedure
for positioning measurement, and the postponing circuit 501
1s configured to postpone the positioning session by delaying
the measurement procedure. In some embodiments when the
positioning session 1s on-going and a cell change command 1s
received by the user equipment 10, the postponing circuit 501
1s configured to postpone the cell change process a first time
T0. The first time T0 may be pre-defined or configured by a
positioning node 17, or may correspond to the end of the
on-going positioning session. The postponing circuit 501
may further be configured to postpone positioning session or
cell change process based on a specific type of positioning
session, a specific type of positioning measurements of the
positioning session, or a specific type of positioning services
associated with the positioning session. The postponing cir-
cuit (301) may furthermore be configured to postpone posi-
tioming session or cell change process depending on a type of
cell change process.

[0076] The user equipment 10 may further comprise a
transmitter (1X) 502 configured to transmit an indicator, an
abort message, or a failure message to a positioning node 17
when the positioning session 1s postponed.

[0077] The user equipment 10 may further comprise a
dropping circuit 503 configured to drop the on-going posi-
tioning session or a measurement process for a specific posi-
tioming method.

[0078] The user equipment 10 may further comprise a
receiver (RX) 504 configured to recerve a positioning assis-
tance data from a positioning node 17, which positioming
assistance data and a system frame number of at least one cell
in the positioning assistance data 1s to be used when to per-
form a positioning measurement.

[0079] The user equipment 10 may further comprise a
checking circuit 505 configured to check after the cell change
process 1s performed, that the second cell 14 1s 1n the received
positioning assistance data.

[0080] The transmitter 502 may further be configured to
transmit, when the second cell 14 1s not 1n the positioning
assistance data, a request for the positioming assistance data of
the second cell 14 only to the positioning node 17.

[0081] The positioning assistance data may comprise an
indication of a cell serving the user equipment 10. The check-
ing circuit 305 may 1n some embodiments further be config-
ured to check, after the cell change process 1s performed, that
the indication 1n the recerved positioning assistance data indi-
cates the second cell 14 as the cell serving the user equipment
10. The transmitter 502 may then further be configured to
transmit to the positioning node 17, when the second cell 14
1s not indicated 1n the positioning assistance data as the cell
serving the user equipment 10, a serving indication indicating
that the second cell 14 1s the cell serving the user equipment

10.

[0082] In some embodiments the user equipment 10 1is
arranged to change cell to the second cell 14, wherein the
second cell 14 operates at least partly over a different fre-
quency band than the first cell 11. The user equipment 10 may
further comprise a requesting circuit 506 configured to
request for measurement reconfiguration when the users
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equipment 10 1s not capable of measuring on that different
frequency band without measurement gaps.

[0083] In some embodiments the user equipment 10 1s
arranged to change from the first cell 11 to the second cell 14.
The user equipment 10 may further comprise a restarting
circuit 507 configured to restart performing Rx-Tx measure-
ments on the second cell 14 after the cell change process to the
second cell 14.

[0084] The user equipment 10 may furthermore comprise a
reporting circuit 508 configured to report the Rx-Tx measure-
ments only for the second cell 14 serving the user equipment

10.

[0085] In some embodiments, the first cell 11 1s a serving
cell and the second cell 14 1s a neighbour cell betore the cell
change. In some embodiments the first cell 11 1s a primary cell
and the second cell 14 1s a secondary cell 1n a multi-carrier
system. In some embodiments, the cell change process 1s
represented by a handover process, a cell reselection process,
or a primary cell change.

[0086] Theembodiments herein for handling cell change 1n
a radio communications network may be implemented
through one or more processors, such as a processing circuit
509 1n the user equipment 10 depicted in FI1G. 5, together with
computer program code for performing the functions and/or
method steps of the embodiments herein. The program code
mentioned above may also be provided as a computer pro-
gram product, for istance 1n the form of a data carrier car-
rying computer program code for performing embodiments
herein when being loaded into the user equipment 10. One
such carrier may be 1n the form of a CD ROM disc. It 1s
however feasible with other data carriers such as a memory
stick. The computer program code may furthermore be pro-
vided as pure program code on a server and downloaded to the
user equipment 10.

[0087] The user equipment 10 may further comprise a
memory 510 that may comprise one or more memory units
and may be used to store for example data such as UE Rx-Tx
measurements, timing information, positioning assistance
data, serving cell info, applications to perform the methods
herein when being executed on the user equipment 10, and/or
similar.

[0088] The method steps in network node, e.g. positioning
node 17 or core network node, for handling cell change of the
user equipment 10 between cells 1n a radio communications
network according to some general embodiments will now be
described with reference to a flowchart depicted 1in FIG. 6.
The steps do not have to be taken 1n the order stated below, but
may be taken 1n any suitable order. The user equipment 10 1s
served by at least a first cell 11 controlled by a network node
such as the first radio base station 12, the positioning node 17,
or the MME 18. The steps that are performed in some embodi-
ments are indicated with dashed boxes in FIG. 6.

[0089] Step 601. The network node, e.g. the positioning
node 17, may retrieve information that there 1s an on-going
cell change process for the user equipment 10 and 1nforma-
tion about a type of the on-going cell change process for the
user equipment 10 from a core network node e.g. MME 18 or
a radio network node e.g. first radio base station 12 or second
radio base station 13.

[0090] Step 602. The network node delays an initiation of a
positioning session for the user equipment 10 1n case there 1s
an on-going cell change process of the user equipment 10.
Initiation may also mean re-nitiation of the positioning ses-
sion during the cell change process. In some embodiments
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this 1s only performed when the positioning session 1s of low
priority e.g. 1 1t 1s not an emergency call. This may 1n some
embodiments be performed based on a type of the cell change
process. For example, the positioning node 17 may delay the
initiation of the positioning session for the user equipment 10
during the cell change procedure, e.g. a handover procedure,
depending upon the type of cell change. E.g. the positioning
node 17 may delay the iitiation of the positioning session
provided 1f 1t 1s an intra-frequency handover. On the other
hand the positioning node 17 may not delay the positioning,
session 1 the on-going handover 1s inter-R AT handover. This
1s because the 1intra-frequency handover 1s more fundamental
and critical compared to inter-RAT and even inter-frequency
handovers. In some embodiments wherein the network node
1s represented by a core network node, e.g. the MME 18, the
core network node may delay the iitiation by delaying a
transmission of a positioning request for the user equipment
10 to the positioning node 17.

[0091] Step 603. The network node may then send a posi-
tioming request to the user equipment 10 after the cell change
process 1s completed.

[0092] Step 604. The network node may retrieve informa-
tion about which cell 1s serving the user equipment 10.
[0093] Step 605. The network node may store the cell as a
cell serving the user equipment 10.

[0094] Step 606. The network node may recerve an indica-
tor of a failure with a cell change-related reason indication or
a request for positioning assistance data with the cell change
related reason indication.

[0095] Step 607. The network node may then update the
positioning assistance data, while ensuring the serving cell 1s
included 1n the positioning assistance data.

[0096] Step 608. The network node may send the updated
positioning assistance data comprising the information about
the serving cell.

[0097] Step 609. The network node may request, from the
radio network node 12,13 serving the user equipment 10,
Rx-Tx measurement from the user equipment 10 when
received Rx-Tx measurement is classified as non-reliable or
1s not recerved at all.

[0098] Thus, 1n some embodiments, a core network node
¢.g. MME 18, may request the positioning node 17 to initiate
the positioning session. According to these embodiments the
MME 18 may decide to delay sending a positioning request to
the positioning node 17 for the user equipment 10 when there
1s an on-going handover procedure for the user equipment 10
¢.g. at S1 HO. The positioning request may be delayed until
the handover procedure 1s completed. In some embodiments
the positioning request for positioning sent to the positioning,
node 17 may be delayed until the handover procedure 1s
completed only for a particular type of handover e.g. the
positioning request 1s delayed only for intra-frequency han-
dover but not for inter-R AT handover. In some embodiments
the positioning request for positioning sent to the positioning,
node 17 may be delayed until the handover procedure 1s
completed only for a particular type of the positioning ses-
sion. For example, the positioning request 1s delayed only 1
there 1s no time critical positioning service such as emergency
call 1.e. the positioning request 1s not delayed 1f there 1s an
emergency call involving location determination.

[0099] In some of the previous embodiments the position-
ing node 17 may have means to include indicator of the cell
serving the user equipment 10 and its related information 1n
the positioning assistance data. The positioning assistance
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data 1s signalled by the positioning node 17 to the user equip-
ment 10 for performing the positioning measurements. There
may be different ways of obtaining the serving cell informa-
tion by the positioning node 17.

[0100] It should be understood that 1n some embodiments
the positioning node 17 may obtain the information about the
serving cell of the user equipment 10 from different sources/
nodes. The information of the serving cell may correspond to
the; present serving cell of the user equipment 10; serving cell
of the user equipment 10 after the cell change; or both. In the
last two cases the network may be 1n process of performing a
cell change. In case of multi-carnier systems, also known as
carrier aggregation, 1n which the user equipment is able to
receive and/or transmit data over more than one carrier simul-
taneously, there are more than one serving cells e.g. one
primary cell and one or more secondary cells, for the user
equipment 10. Hence according to embodiments herein in
case of the multi-carrier system the positioning node 17 may
acquire information for the user equipment 10 either about all
its serving cells, at least the primary serving cell, or at least the
serving and N best secondary cells, which can be potential
primary cells.

[0101] The positioning node 17 may obtain the serving cell
information by, for example, acquiring the serving cell infor-
mation, also applies for the multi-carrier system with primary
and secondary cells, from the core network node ¢.g. MME
18, which contains UE mobility context or information. The
MME 18 may proactively provide the serving cell informa-
tion of all user equipments or a sub-set of user equipments to
the positioning node 17. The MME 18 may also provide this
information to the positioning node 17 upon receiving an
explicit request from the positioning node 17. The serving
cell information may also be provided when triggered by an
event, €.g. changed serving cell for the user equipment 10. Yet
another way 1s that MME 18 provides the serving cell infor-
mation to the positioning node 17 together with the position-
ing request. In some embodiments, the positioning node 17
may acquire the serving cell information, this also applies for
the multi-carrier system, from the radio network node e.g.
sent over the LPPa by the first radio base station 12 or the new
serving second radio base station 13. The radio network node,
¢.g. the first or second radio base station 12,13, may contain
UE mobility context or information and also perform the cell
change. The second radio base station 13 or any radio network
node which has the information of the serving cell of the user
equipment 10 may proactively provide the serving cell infor-
mation of all user equipments or sub-set of user equipments to
the positioning node 17. The radio network node may also
provide the serving cell information to the positioming node
17 upon recerving an explicit request from the positioning
node 17 or at the UE handover. For example, the second radio
base station 13 may provide identifiers of all user equipments
served by 1itself to the positioming node 17. In some embodi-
ments, the positioning node 17 may acquire the serving cell
information, also applies for the multi-carrier system, from
the user equipment 10 just after the cell change process or
anytime during the cell change process in case serving cell
changes. For example, the user equipment 10 may inform the
positioning node 17 e.g. over LPP about the completed han-
dover.

[0102] Insome embodiments, the positioning node 17 may
request the UE Rx-Tx measurement from the current serving,
radio base station, e.g. the second radio base station 13, when
the measurement reported by the user equipment 10 1s clas-
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sified as non-reliable, e.g. 1t has low quality or some 1ndica-
tion has been received, e.g. missing quality metric 1n the
measurement report or received HO-occurred indicator from
either a network node or the user equipment 10, or 1s not
received 1n the measurement report while being requested.
The positioning node 17 may also have a possibility to request
Type 1 and Type 2 TA measurements and with these deduce
the UE Rx-Tx measurement.

[0103] Embodiments herein provide a smooth cell change
process with an accurate positioning of the user equipment
10.

[0104] FIG. 7 1s a block diagram depicting a network node

such, as the first radio base station 12, the positioning node or
the core network node such as the MME 18, for handling cell
change of a user equipment 10 between cells, e.g. between
first cell 11 and second cell 14, 1n the radio communications
network. The user equipment 10 1s served 1n the first cell 11
controlled by the network node 12,17.18.

[0105] The network node 12,17,18 comprises a delaying
circuit 701 configured to delay an mitiation of a positioning
session for the user equipment 10 in case there 1s an on-going
cell change process of the user equipment 10. The delaying
circuit 701 may 1n some embodiments be configured to per-
torm the delaying only when the positioning session 1s of low
priority. Furthermore, the delaying circuit 701 may be con-
figured to perform the delaying based on a type of the cell
change process.

[0106] The network node 12,17,18 may 1n some embodi-
ments further comprise a sending circuit 702 configured to
send a positioning request to the user equipment 10 after the
cell change process 1s completed.

[0107] The network node 12,17,18 may 1n some embodi-
ments further comprise a retrieving circuit 703 configured to
retrieve information that there 1s an on-going cell change
process for the user equipment 10. The retrieving circuit 703
may further be configured to retrieve information about a type
of the on-going cell change process for the user equipment 10
from a core network node, e.g. MME 18, or a radio network
node, e.g. the first or second radio base station. The retrieving,
circuit 703 may 1n some embodiments further be configured
to retrieve information about which cell 1s serving the user
equipment 10.

[0108] Thenetworknode 12,17,18 may further comprises a
memory 704 configured to be used to store the cell as a cell
serving the user equipment 10. The memory 704 may com-
prise one or more memory units and may be used to store for
example data such as positioning assistance data, serving cell
information, cell information, positioning mnformation, appli-
cations to perform the methods herein when being executed
on the network node, and/or similar.

[0109] The network node 12,17,18 may 1n some embodi-
ments further comprise a recerving circuit 7035 configured to
receive an indicator of a failure with a cell change-related
reason indication or a request for positioning assistance data
with the cell change-related reason indication.

[0110] Furthermore, the network node 12,17,18 may com-
prise an updating circuit 706 configured to update the posi-
tioming assistance data, while ensuring the serving cell 1s
included 1n the positioning assistance data. The sending cir-
cuit 702 may then be configured to send the updated position-
ing assistance data comprising the imformation about the
serving cell.

[0111] The network node 12,17,18 may 1n some embodi-
ments further comprise a requesting circuit 707 configured to
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request from a radio network node 12,13 serving the user
equipment 10, Rx-Tx measurement from the user equipment
10 when received Rx-Tx measurement 1s classified as non-
reliable or 1s not received at all.

[0112] The network node may be represented by the posi-
tioning node 17. In addition, the network node may be repre-
sented by the core network node and then the delaying circuit
701 may be configured to delay the mitiation of the position-
ing session be delaying a transmission ol a positioning
request for the user equipment 10 to the positioning node 17.
[0113] Theembodiments herein for handling cell change of
the user equipment 10 between cells may be 1mplemented
t‘lrough One or more processors, such as a processing circuit
708 1n the network node depicted 1n FIG. 7, together with
computer program code for performing the functions and/or
method steps of the embodiments herein. The program code
mentioned above may also be provided as a computer pro-
gram product, for istance in the form of a data carrier car-
rying computer program code for performing embodiments
herein when being loaded into the network node. One such
carrier may be 1n the form of a CD ROM disc. It 1s however
teasible with other data carriers such as a memory stick. The
computer program code may furthermore be provided as pure
program code on a server and downloaded to the network
node.

[0114] Embodiments herein relate to:

[0115] Methods and procedures in the UE ensuring reliable
positioning session during handover or during any type of the
cell change procedure including cell reselection,

[0116] Methods and procedures 1n the network ensuring
reliable positioning session during handover or during any
type of cell change procedure e.g. cell change order,

[0117] Positioning signaling enhanced with handover sup-
port,

[0118] Specifying node 12,13 node behaviour,

[0119] Methods for acquiring the serving cell information

for a given UE at the positioning node.

[0120] In the drawings and specification, there have been
disclosed exemplary embodiments. However, many varia-
tions and modifications can be made to these embodiments.
Accordingly, although specific terms are employed, they are
used 1 a generic and descriptive sense only and not for
purposes of limitation, the scope of the invention being
defined by the following claims.

1.-54. (canceled)

55. A method 1n a user equipment of handling cell change
in a radio communication network, the user equipment served
by at least a first cell controlled by a radio network node, the
method comprising:

postponing one of a positioning session and a cell change

process to a second cell relative to one another.

56. The method of claim 55, wherein when the cell change
process 1s on-going, postponing comprises postponing the
positioning session until the cell change process 1s over.

57. The method of claim 55, wherein the positioning ses-
sion comprises a measurement procedure for positioning
measurement, and postponing the positioning session com-
prises delaying the measurement procedure.

58. The method of claim 56, further comprising transmit-
ting an indicator, an abort message, or a failure message to a
positioning node when the positioning session 1s postponed.

59. The method of claim 55, wherein when the positioning,
session 1s on-going and a cell change command 1s recerved by
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the user equipment, postponing comprises postponing the
cell change process a first time period.
60. The method of claim 59, wherein the first time period 1s
pre-defined or configured by a positioning node, or corre-
sponds to an end of the on-going positioning session.
61. The method of claim 59, further comprising dropping
the on-going positioning session or a measurement process
for a specific positioming method.
62. The method of claim 55, wherein postponing 1s per-
formed for a specific type of positioning session, a specific
type of positioning measurements of the positioning session,
or a specific type of positioning services associated with the
positioning session.
63. The method of claim 35, wherein postponing 1s per-
formed depending on a type of cell change.
64. The method of claim 56, turther comprising;:
receiving positioning assistance data from a positioning
node, which positioning assistance data and a system
frame number of at least one cell 1 the positioning
assistance data 1s for use 1n determining when to perform
a positioning measurement;

checking, after the cell change process 1s performed, that
the second cell 1s 1n the recetved positioning assistance
data; and

sending, when the second cell 1s not 1n the positioning

assistance data, a request for positioning assistance data
of the second cell only to the positioning node.

65. The method of claim 64, wherein the positioning assis-
tance data comprises an indication of a cell serving the user
equipment.

66. The method of claim 64, turther comprising;:

checking, after the cell change process 1s performed, that

the indication 1n the recerved positioning assistance data
indicates the second cell as the cell serving the user
equipment; and

sending, when the second cell 1s not indicated 1n the posi-

tioning assistance data as the cell serving the user equip-
ment, a serving indication indicating that the second cell
1s the cell serving the user equipment to the positioning
node.

67. The method of claim 55, wherein the user equipment
changes to the second cell, which second cell operates at least
partly over a second frequency band different from a first
frequency band operated over by the first cell, and the method
turther comprises requesting measurement reconfiguration
when the user equipment 1s not capable of measuring on the
second frequency band without measurement gaps.

68. The method of claim 55, wherein the user equipment
changes from the first cell to the second cell, and the method
turther comprises:

restarting performing reception-transmission (Rx-Tx)

measurements on the second cell after the cell change
process to the second cell; and

reporting the Rx-Tx measurements only for the second cell

serving the user equipment.

69. The method of claim 55, wherein the first cell 1s a
serving cell and the second cell 1s a neighbor cell before the
cell change process.

70. The method of claim 55, wherein the first cell 1s a
primary cell and the second cell 1s a secondary cell 1n a
multi-carrier system.

71. The method of claim 55, wherein the cell change pro-
cess 15 a handover process, a cell reselection process, or a
primary cell change.
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72. A method 1n a network node of handling cell change of
a user equipment between cells 1n a radio communication
network, which user equipment 1s served 1n a first cell con-
trolled by the network node, the method comprising:

delaying an 1nitiation of a positioning session for the user

equipment 1f there 1s an on-going cell change process of
the user equipment.

73. The method of claim 72, further comprising sending a
positioning request to the user equipment after the cell change
process 1s completed.

74. The method of claim 72, wherein delaying 1s performed
only when the positioning session has a low priority.

75. The method of claim 72, wherein delaying 1s performed
based on a type of the cell change process.

76. The method of claim 72, further comprising retrieving,
information that there 1s an on-going cell change process for
the user equipment and information about a type of the on-
going cell change process for the user equipment from a core
network node or a radio network node.

77. The method of claim 72, further comprising retrieving,
information about which cell 1s serving the user equipment,
and storing the cell as a cell serving the user equipment.

78. The method of claim 77, further comprising:

recerving an indicator of a failure with a cell change-related
reason indication or a request for positioning assistance
data with the cell change-related reason 1indication;

updating the positioning assistance data, while ensuring
the serving cell 1s included 1n the positioning assistance
data; and

sending the updated positioning assistance data compris-

ing the mformation about the serving cell.

79. The method of claim 72, further comprising requesting,
from a radio network node serving the user equipment, a
reception-transmission (Rx-1x) measurement from the user
equipment when a recerved Rx-Tx measurement 1s classified
as non-reliable or 1s not recerved at all.

80. The method of claim 72, wherein the network node 1s a
positioning node.

81. The method of claim 72, wherein the network node 1s a
core network node, and delaying 1s performed by delaying a
transmission of a positioning request for the user equipment
to a positioning node.

82. A user equipment for handling cell change 1n a radio
communication network, which user equipment 1s arranged
to be served by at least a first cell controlled by a radio
network node, the user equipment comprising a postponing
circuit configured to postpone one of a positioning session
and a cell change process to a second cell relative to one
another.

83. The user equipment of claim 82, wherein when the cell
change process 1s on-going, the postponing circuit 1s config-
ured to postpone the positioning session until the cell change
Process 1s over.

84. The user equipment of claim 82, wherein the position-
Ing session comprises a measurement procedure for position-
ing measurement, and the postponing circuit 1s configured to
postpone the positioning session by delaying the measure-
ment procedure.

835. The user equipment of claim 82, further comprising a
transmitter configured to transmit an indicator, an abort mes-
sage, or a failure message to a positioning node when the
positioning session 1s postponed.

86. The user equipment of claim 82, wherein when the
positioning session 1s on-going and a cell change command 1s
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received by the user equipment, the postponing circuit 1s
configured to postpone the cell change process a first time
period.

87. The user equipment of claim 86, wherein the first time
period 1s pre-defined or configured by a positioning node, or
corresponds to an end of the on-going positioning session.

88. The user equipment of claim 86, further comprising a
dropping circuit configured to drop the on-going positioning
session or a measurement process for a specific positioning
method.

89. The user equipment of claim 82, wherein the postpon-
ing circuit 1s configured to postpone positioning session or
cell change process based on a specific type of positioning
session, a specilic type of positioning measurements of the
positioning session, or a specilic type of positioning services
associated with the positioning session.

90. The user equipment of claim 82, wherein the postpon-
ing circuit 1s configured to postpone positioning session or
cell change process depending on a type of cell change pro-
Cess.

91. The user equipment of claim 83, further comprising:

a recerver configured to recerve positioning assistance data
from a positioning node, which positioning assistance
data and a system frame number of at least one cell in the
positioning assistance data i1s for use in performing a
positioning measurement;

a checking circuit configured to check after the cell change
process 1s performed, that the second cell 1s 1 the
received positioning assistance data; and

a transmitter configured to transmit, when the second cell 1s
not 1n the positioning assistance data, a request for the
positioning assistance data of the second cell only to the
positioning node.

92. The user equipment of claim 91, wherein the position-
ing assistance data comprises an indication of a cell serving
the user equipment.

93. The user equipment of claim 91, wherein the checking,
circuit 1s further configured to check, after the cell change
process 1s performed, that the indication 1n the recerved posi-
tioming assistance data indicates the second cell as the cell
serving the user equipment, and the transmitter 1s further
configured to transmit, when the second cell 1s not indicated
in the positioning assistance data as the cell serving the user
equipment, a serving indication indicating that the second cell
1s the cell serving the user equipment to the positioning node.

94. The user equipment of claim 82, wherein the user
equipment 1s arranged to change cell to the second cell, which
second cell operates at least partly over a second frequency
band different from a first frequency band operated over by
the first cell; and the user equipment further comprises a
requesting circuit configured to request for measurement
reconfiguration when the users equipment 1s not capable of
measuring on that different frequency band without measure-
ment gaps.

95. The user equipment of claim 82, wherein the user
equipment 1s arranged to change from the first cell to the
second cell; and the user equipment further comprises a
restarting circuit configured to restart performing reception-
transmission (Rx-1Tx) measurements on the second cell after
the cell change process to the second cell, and a reporting,
circuit configured to report the Rx-1Tx measurements only for
the second cell serving the user equipment.
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96. The user equipment of claim 82, wherein the first cell 1s
a serving cell and the second cell 1s a neighbor cell before the
cell change process.

97. The user equipment of claim 82, wherein the first cell 1s
a primary cell and the second cell 1s a secondary cell 1n a
multi-carrier system.

98. The user equipment of claim 82, wherein the cell
change process 1s a handover process, a cell reselection pro-
cess, or a primary cell change.

99. A network node for handling cell change of a user
equipment between cells 1n a radio communications network,
which user equipment 1s served 1n a first cell controlled by the
network node; the network node comprising a delaying cir-
cuit configured to delay an 1nitiation of a positioning session
for the user equipment 1 there 1s an on-going cell change
process of the user equipment.

100. The network node of claim 99, turther comprising a
sending circuit configured to send a positioning request to the
user equipment aiter the cell change process 1s completed.

101. The network node of claim 99, wherein the delaying
circuit 1s configured to perform delaying only when the posi-
tioning session has a low priority.

102. The network node of claim 99, wherein the delaying
circuit 1s configured to perform delaying based on a type of
the cell change process.

103. The network node of claim 99, further comprising a
retrieving circuit configured to retrieve information that there
1s an on-going cell change process for the user equipment, and
to retrieve information about a type of the on-going cell
change process for the user equipment from a core network
node or a radio network node.

104. The network node of claim 99, wherein the retrieving
circuit 1s further configured to retrieve information about
which cell 1s serving the user equipment, and the network
node further comprises a memory configured to be used to
store the cell as a cell serving the user equipment.

105. The network node of claim 104, further comprising:

a recerving circuit configured to receive an indicator of a

failure with a cell change-related reason 1ndication or a
request for positioning assistance data with the cell
change-related reason indication; and

an updating circuit configured to update the positioning

assistance data, while ensuring the serving cell 1is
included 1n the positioning assistance data;

wherein the sending circuit 1s further configured to send the

updated positioning assistance data comprising the
information about the serving cell.

106. The network node of claim 99, turther comprising a
requesting circuit configured to request from a radio network
node serving the user equipment a reception-transmission
(Rx-Tx) measurement from the user equipment when a
received Rx-Tx measurement 1s classified as non-reliable or
1s not received at all.

107. The network node of claim 99, wherein the network
node 1s a positioning node.

108. The method of claim 99, wherein the network node 1s
a core network node, and the delaying circuit 1s configured to
delay the mitiation of the positioning session by delaying a
transmission of a positioning request for the user equipment
to a positioning node.
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