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IMPROVED HANDOVER ROBUSTNESS IN CELLULAR RADIOD
COMMUNICATIONS

TECHNICAL FIEL

{0001} The present disclosure relates to the field of adjusting parameters in cetlular radio
communications and, in particular, to adjesting operational system parameters using mobility

information regarding mobile devices,

BACKGROUND

{002} Handover is one of the important aspects of any mobile commuanication system, in which
the system ies to assure service continaity for the User Equipnaomt (UE) by transterring the

eonnection of the UE from one cell to another referred to as a Handover (HOYL HO decisions
usually depend on several factors such as signal strepgth, load conditions, service requirements,
ete. The provision of efffcient and effective handovers {minimum mumber of unnecessary
handovers, minimum number of handover fkileres, minimunm handover delay, ete)), may affect
not anly the Quality of Service {QoS) of the end user but also the overall mabile network
capacity and performance,
{0003 In Long Term Evolution (LTE), Ub~assisted, network controlled handover is used (3GPP
T8 36,300, Third Generation Partnership Frojeot Technical Specification Na. 36.300). The
network configures the LIE o send measurement reports and, based on these reports, the UE can
be handed over, 1o the most appropriate cell, A UE measurament report configuration consists of
the reporting oriteria (whether # s periodic or event tiggered) as well as the measurement
information that the L is required to report.
{8004] In Evolved Universal Terrestrial Radio Access Networks {E-LITRANY, the decision to
handover from the corrent serving evolved Node B (eNB) 1o a target eNB is made swithin the
serving oNB and Is made on the basis of msasurements on the doventink (DLY, Thes
measurements are performed by the UR that micasures the DL siguals it receives from the
different eNBs that it can receive,
[BOO3] The following event-iviggered criteris are specified for intra-RAT (Radio Access
Technologies) megsurement reporting in LTE GGPP T8 36.33 1y

Event Al Serving cell becomes better than absolute threshold;

Event A2 Serving cell becomes worse than absohite threshold;

Event Ax: Neighbor cell becomes betier than an offset relative to the serving celi;

Event Ad: Neighbor coll becomes better than absolute threshold;

Event A3 Serving cell becomes worse than one absolute threshold and neighbor cell

hecomes better than another absolute threshokd,



WO 2013/019153 PCT/SE2011/051271
[8006] The most imporiant measurement report rigpering event related to handover is A3, and

s usage is lostrated In Figure 1. The trigpering conditions for event A3 can be formulated as

&

the Equation below:

NS4 Hy o+ ClOad (Bauation)

sehore Noand § are the signal strengths of the neighbor and serving eells, respectively, Ha is the
hysteresis parameter that the serving cefl applies for event A3, and TlOy ;i3 the Cell Individual
Offvet {CIO) set by the serving cell Yor that specific neighbuor celll i this condition is satisfied
avd i remains valid for 2 covtain duration known ag Time To Trigger {TTT), then the UE sords
megsurerzent report o the serving eNB {e-UTRAN, evolved UMTS Radio Access, Node Bl

Figure 1 shows signal strength on the vertival axis and time on the horizontal axis. A first solid

Hue curve, shown high at time O is the signal sirengih of the signal received from the serving cell
S, This is shown as declining in strength over me as the UE moves away from S and toward

the neighboring cell KU The signal strength at N is low at time 1 and incresses as the UE moves
foweard N

{607} The value for 8 + (Hy - CHOg) is indicated by the dotted lnein Figare 1, Event A3y
sattefied at point A and & messurement report 1S sent at point B in time. Point A and Potmt B are
separated by the TTT. When it gets the measurement report, the serving eNB makes a deciston
whaether 1o initiate & handover toward the neighbor,

{8008] Handover in LTE is performed via sn X2 comuection, whenever avalable, and if not,

<

using 1 {Le involving the Core Network {ON)), The X2 Handover process is shown in Figurs
2. The handover procedure can be sub-divided into three stages: preparation {Injtiation);
execution; and completion. During the preparation stage (steps 1 to 3 of Figure 3, based on the
messurament resulis {step 2}, the source eNB is getting from the UE, the source oNB decides
whether to handover the connestion 16 another eNB or not (step 3): Then g handover excoution
atage (Steps € o 7 of Haore 21 is entered and the decision 1o handover is commumnicated to the
target eNB (step 4}, and 1 the wrget oNB i able to admit the UE {step 53, 2 message is sent
the UE (steps 6 and 7Y 1o initiate the handover, DL (Dowalink) dats arviving at the source eNB
for the UE are then forwarded 1o the new mrget eNB (step B

{80091 The handovar completion stage 1s enteved once the target eNB and the UE are
synchrontzed (steps ¥ and 1Y and a handover confirm message (step 11 of Figure 2 is received
by the target eNB. After a proper setup of the eonnection with the target eNB is performed
{steps 12 and 13) (which inchude the switching of the DL path in the serving gateway, step 14,

-
F}

15, 161, the old comnection is released {step 17 and any romaining date in the sowrce eNB that is

[
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dessined for the UE is forwarded to the target ¢NB. Then normal packet flow can ensue throngh

the target eNB.
(0016} As explained ahove, handover in LTE is controfled via several paramcters. Incorrect

a\

parameter settings can lead to several problems such as (see e.g. 3GPP T8 38902, 3GPP TS

2

36.300) radio link faihue. ping pong handover, handover failure, gte..
{011] A Radio Link Fatlure (RLF), is a faflure that ocours when a radio link connection is Tost
for a predetermiined time duration, For RUF, if the parumetsrs are set in snch a way that the UE
does not report handover nmeasurements on time, the UE might lose the connzction with the
original vell before handover is initiated. This is one example, of what ts known as Too Late HO
in which the UE wies to re-establish the connedtion with another cell after the RLF detection
timers hgve expired. On the other hand, if the parameters are set o irigger handover very early,
RILF might ocour shortly after handover in the target cell. This is known as Too Early HO i
which the UE tries 1o re-establish the connection with the source vell affer the RLY detection
timers have expired. Bven if the handover is triggered at the right time, fncorrect settings of the
CIO can make the UE handover o the wrong cell, which is followed by a RLF and a re-
establishment reguest in a cell other than the target cell or the souree cell, This is known as HO
o a wrong ceil
[#012] I a ping pong handover, improper handover parameter settings can make the Uk
handover back and forth between two neighboring cells. An example of this is a selting that
makes the iriggering conditions for the bandoever events {A3} valid between the source and
neighbor cells at the same time.
0813] When the UF recetves @ certain number of (N3 10} consecutive "out of syne” indications
from the physical laver, it assumes a physical fayer problem s ensuing, end » tmer (T310) 18
started, [fthe UE does not receive a certain number of (N3 11 consecutive "in syne” indicatons
from the lower laver before T310 expives, RLY i3 detected, RLF is also detected when a random
avcess problem is indicated from the MAL (Media Access Conral) layer or upon indication that
the maximum number of RLC (Radin Link Control) laver retrammissions has been reached.
[0014] Another type of failure is a HO fatlure in which the radio link between the Ul and
network was functioning serrectly, but handover signaling messages failed o be exchanged,

This might be due to congestion or because a maximum number of RLC (Radio Link Control}

retransmissions wis reached. When the UR receives an HO commund (L. RRC Connection

Reconfiguration Request swith niobility Comtrol Info, as shevwn in Figure 2} 3 starts a timer
{T304), and if this timer expires before the HO is completad (Lo, RRC Comection

i

Reconfiguration Complete message is seat by the UE), an HO fathaee is detested.

(3]
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[0015] When a RLY is detected by the UE, the UE starts atimer {1311} dnad {ries to re-establish

the comtection o the best available cell (e.g. the source cell, another cell belonging to the same
source eNB or & neighbor cell belonging w another eNB)Y., When sending the re-establishment
reguest (RRC Connection Reestablishrment Regquast), the UE includes the following information
{MAPP TS 36531

Glabal Cell ID {GCID) of the last cell the UE was connected to betorg RLE;

UE [dentity: the Cell Radio Metwerk Temporary Identifier {(C-RMNTT as well as MAC 1D
for context leakup:

Re-cstablishmem cause; whether the request is due 1 handover fatlure, reconfiguration
fatture, or other causes.
(00161 1T the UE context is found in the cell {if it s the source cell or i1t was a cell prepar d for
handover, (i.e. handover was ongoing when the RLF bappened and the cell where the UE re-

appeared alveady has the UE context, which was communicated to B from the sowce cell during

Handover Request message exchange), the connection is re-established, Otherwise (i Uk
context 13 not available, or re-establishment did not suceeed before T3 11 expires), then the Uk
has 0 go  idle mode and has to tear dowan all the active bearers, i any, and might restart the
Bearer setups, if required.
{00171 The eNB to which the UE i reconmueting, cither theeugh a successfl RRC Re-
astablishnrent or via RRC Connection Setup after idle mode, can ask for more detailed
information about the faifure after the connection is completed via the UE Information Request
procedure, where the eNB can ask for the RLF report. The UE responds by sending a UE
Information Response maessage with a detatled RLF report which can include information such
as (IGPP TS 363310

Measurzment result of the last served cell before RLF;

Measurement result of the neighbor cells performed before RLES

Location info, which ean include laat co-ordinates as well as veloeity o the UE when
RLF was detected:

CGI (and i that s net available Physical Cell 1D (PO ) of the cell where RLF vecurred;

and, if the RLF occnrred after the reception of'a HO command (e, RRC Connection
Repantiguration message inchuding the mobility Control Infd), then also;

The CGI where this message was received;

The elapsed time since the reception of this message: and

The RLF type: t.e. whether it is a normal radio link fuilure ora handover fatlure.
[0618] Configuring all the HO parameters manually is expensive and can be very challenging.

B

As such, Mobility Robusiness Optimization (MRO} has been introduced in 3GPP 1o antomate
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the dynamic configuration of handover parameters, Mobility Robustness Uptinization (MRO)
tries 1o gather statistics on the ocourrence of Teo Late HOs, Too Early HOs wnd HO to the
wrong cell, and these statistics are nsed wr adjust the handover parameters such as Hysteresis,
Ciand TTT.

{8019 For MRO, the different HO problems discussed above are communicated between
neighboring cells in difforent ways (3PP TS 36300, 3GPP T8 30,423, and 3GPP T8 36,3311,

w-,

[3828] For Too Late Handovers, an RLF INDICATION messuge is sent vie X2 from the eNB 1o
which the UE tries to re-gstablish a connection to the eMB where the RLF ocewrred. The RLF
INDICATHON message contains:

Physical Cell Tdentifier (PCTY of the cell in which the UE was connected pricr o RLF
{known as fatlure celly;

E-UTRAN Cell Global Identifier (ECGI of the cell where RRC re-establishment attempt

UE Edemit}- C-RNTT and MAC 1 of the UE in the failure cell; and

e

LF report (ina UR RLF Report Container Information Element (I3

{0021] I an eNB recetves an RLF INDICATION message from a neighbor oNB, and i it finds
gt that 1 has sent a UE CONTEXT RELEASE message wwards that neighbor oNB within the
last Tstore UF cnixt seconds (Le. it means that very recently the concerned UE was handed
pver property 1o it from the same ¢NBY, the eMB responds by sending o HANDOVER REPORT
message that indicates Too Barly Handover,

[0022] If an eNB receives an RLF INDICATION message from a neighbor eNB, and if it finds
oot that 1 has sent 2 UE CONTEXT RELEASE messags towards another naighbor eNB within
the Jast Tstore UF cnixt seconds (Le. it means that very recently the concerned UE was handed
over properly to it from another eNB), the eM# responds by sending 2 HANDOVER REPORT
message that indicates Handover to the Wrong Cell.

90223} The HANDOVER REPORT message contains

bed

Type of detected handover problem (Too Early Handover, Handover to Wrong Cell);
ECGH of source and target cells in the handowver;
ECGT of the re-establishment cell {in the case of Handover to Wrong Cell) and
Handover cause (signaled by the source during handover preparation.
{(024] Thus, by analyzing the received RLF INDICATION and HANDOVER REPORT
messages within a certain duration, eNBs can configure the optimal HO parameters to be uged

with their neighbors.
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[DB25] As mentioned above, current mechanisms such as MRO try to optiniize mobility by fine
tuning mobility threshelds such as ClOs with the objective of preventing further failures to
QUOWY

[3026] Failures can also oecur when a UE s moving at a high speed, LTE provides for spead

depradent scaling of measurement-related paramaters. UE speed informuation may be used to
suljust eell reselection {vell reselection thresholds) and handover parameters {TTT), The Uk
wrrently estimate s speed (high, wmedium, normal, known as the mohiiit}* state of the UE)
based on 2 Mobility Stuie Parameters configuration réceived from the eNB. The number of
handovers in a given tme 13 used 10 determine the mobility state as logh, ¥ there are many
hunctovers, medium, 1f there are a madium level of handovers, and low, 1f there are fow

handovers in the given sime. Thus, in the case of handover, the VB caloulates s mobality stae

{"

and the TTT nmay be adjusted accordingly by multiplying the TTT with a sealing factor

gsseciated with cach mobifity state,

{I27] It Is an object to improve the operatton of @ cellular radio communications system using

mebhility information. This information may be usetul in analyring handover failures, in
balancing loads betwery different node of the system and in controlling operational modes of

UE in the system. The mobility information may be recebved from the network or from LBy Rt

may be generated by observing UE oporation o by Uls directhy,

{B038]  Inoneexs zmpia an indication of the speed of movement of a UE in a radio

communications system is received at a netwink node of the radio communtcations system. The
parameters of the radio conymuanieations systent are then analyzed using the speed of movement

indication. The system parameters are then adjusted sing the analysis.

{HI29]  In another exanple, a network node of @ cellular radio compumications system is

configured to improve system Rumctionality using speed information regarding a nver equipment.
The network node inclodes g recetver copfigured to receive an indication of a speed of

mgvement of the UE, a comroller configoured o analyze systens parameters using the speed of
movement indication and to adjast system parameters, and a trapsnitter configured to transmit

avstem parameter adiustments to other nodes.

{H030)  In another example, the network node includes means for receiving an indication of a

speed of movement of the UE, means for analyzing svstem parameters using the speed of

ovement indication and 1o adjust system parameters, and means for transmiting svstem

rarameter adjustments 10 other nodes
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{0031]  Aldso disclosed herein Is a method performed in 8 network node of a cellular radio

communications system to hand @ nser equipment (UE) connected 1o the network node over o
be connectad to another network node of the eelular radin communications svstem. The method

\\ o%

ocludes receiving a report from the other network node indicating a signal sirength of the other

network node megsured by the UE during an attempied handover from the network node to the

other npetwark node, an indication of the speed of moventent of the UE, and & time olapsed
between a connection request by the UE awd a fallure of the connection, analyzing the handover

report 10 determine whether the handover failure 18 due to UE speed, and adi

ssting mobility
thresholds for the UE toward neighbor network nodes,
{0032] The diselosed method may also include receiving & handover failure report. that ineludeas

an indication of the size of the other network node, and wherein analyzing includes analyzing

o

asing the size of the other network node. The method may include sending a mapping table to
the UE indicating priorities for network nodes of the cellular radic communivations system. The
ma)‘piﬁg table may include scaling factors for analyzing received signal strepgth for handover to
wh network node of the mapping 1able. The mapping table may include thves to wigger
between a time of 8 reduction in signal strength of one network node sad a time of an increase in
signal strength of another network nods for determining when to handover to each network node
of the mapping table. The disclosed method may also inclade pricritizing tavget netwink nodes
for the UE depending on UE mobility.
{0033]  Also disclosed herein is a network node of a cellular radic communivations system that
hands a user equipment (UE) connected 10 the network node over to be connected 1o annther
network aode of the cellular radio communications system. The network node includes a
receiver 1o receive 8 report from the other network mdx’: indicating a signal strength of the other
network node measured by the UE during an attempted handover from the network node to the
other network node, an indication of the speed of movement of the UE, and & time elapsed
betwien g connection request by the UE and a failore of the connection, and a controller to
anatyze the handover repon o determing whether the handover fatlure is dug to UE speed, and
o adjust mobility threshelds for the UE towards neighbor network nodes
[0834]  Also disclosed hevein 15 a network node that includes means for receiving g report from
the other network node indieating a signal strength of the other petwork node measured by the
UE during an attempted handover from the network node o the sther netwosk node, an
indication of the speed of movement of the UE, and a time elapsed between & comnection request
by the UE and a failure of the connection, means for analyzing the handover report to determine
whether the bandover fatlure is due to UE speed, and mesns for adjusting mchility threshelds for

the UE towards neighbor network nodes,

~n}
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HHE3S) Also disclosed herein is a method perfonmed in 2 network node of a cellular radio
communications system o balance distribution of user equipments (UBs} over multiple network
nodes of the celludar radin commuatications sysient, The method includes selecting candidate
LB to move from the network node to another network node as a toad balancing move,
receiving speed of moveament information for a candidate EU, determining whether a setected

cadidate UIE has a high speed, and excluding the selected candidate UE from a load balancing

beg

S §

move if the selected candidate UR is determined to have a high speed.

{H36] The disclosed method may also include comparing the received speed of movement
information 1o a threshold speed. Beceiving speed of mevement information may inclode
receiving speed information as an information element of location wrformation regarding the
solected move candidate. Receiving spoed information msay inchude receiving speed infonmation
ay an information element of a falled handover report

0037} Also disclosed herein is a method performed in 2 network node of a cellular vadio
communications systom 1o intrease use of an idle maode by a UE in the cellular radia

P

communications system. The method includes determining that a UE has high speed and low
traffic, commanding the UE o move toan tdle mode after fransmission, receiving a connection
request from the UE whern the UE has addbional data fo transmit, and sending information to
another network node of the radio communications svstem that the UR has been conumanded to
move o an idie mode upon determuimng that the UE has woved near the other network node.
{3038] The disclosed method may also nelude the UE returning to the idle mode after
pavmmitiing the additional data, and waking from the idle mode o receive fransmitted data, The
annection request may be a request Lo commeet o the other network pede. Information may be
aer 1o the other petwork node as part of the connection request, or as an infonmation element of
Ul history indormation. o addition, the idle mode may be an idle mode forced by a network
node
{6039} [The wohniques deseribed above allow UEs 1o be handled differenily in different
sttuations, In particular, high mobility UEs, as determined by UE veloeity relative o the size of
the cells gre weated differently to provide less overhead and more robust handover, Current
approactes provide one configaration for alf types of UEs thigh speed and low speed) and for ali
tvpes of target vells {very small, smadl, mediam and large).
{0640] By differentiating on the basis of UE speed and target coll size, UER performance s
tmproved by avoiding mobility fiflures that result in Key Performance hudtcator (KP1 and
Quality of Service (QoXR) degradations, Load distribution i the radio network is made more

pamic and robust by selecting a more reliable cell for raffic offfoading. UE power

s:umun_rpiim may also be reduced by mindmizing the number of cells for which the UE needs w0

8
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collect and report measurements and by reducing the smowy of mobilily signaling generated by
the UE. Network performance is also improved by redocing handover failures and radio Iink
{failures. Finally, network scalability is improved by reducing the amount of handover signaling
towards the core network
18041] The operations of the How and signehing diagrams are desertbed with reference

crnplary embodiments. However, i shonld be understood that the operations of the flow
diagrams can be performed by variationy other than those discussed with refbrence to these othe

dingramns, and the variations discussed with reference to these other diagrams can periorm

aperations different than those discussed with reference to the fow diagrams.

BRIEF DESCRIPTION OF THE DRAWINGS

{0842] The present disclosure muy best be understood by referring to the follewing descripiion

and agcompanying drawings. In the drawings:

D437 Figure | is o diagram of a graph Hustrating the determination of a time for handover

szm:m‘ding o standards for LTE.

{0044 Figare 2 is a signaling diapram lustrating signaling and equipment operations

performed for a handover according 1o standards for UTH.

[B045] Figure 3 is o simplified diagram of three heterogeneons radio cells tyversed by s UE

connected aceording to standards for UTRAN

[0046] Figure 4 i a simplified diagram of tvo hetercgencous radio cells traversed by a UE.

[B047] Figwre 5 is a signaling diagram of & fadled handover with additional information

cx@hmge

[0048] Figure 6 is a signaling diagram of a failed bandover with addinonal information
exchange.

{8049] Figure 7 ix g simphified hardware block diagram of & radic terminal,

{HDS0] Figure B s process Hlow disgram of tmproved handover robusiness,

8031} Figure 9 s a procesy How diagram of improved mobility load balancing.

JO053] Figure 10 s a process flow diagran of reducing signaling overbead using forced wdle
maode.
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JETAILED DESCRIPTION

{133} In the following deseription, numerous specific details such as logic implementations,
oncedes, means to specify operands, resource partilioning/sharing/duplication implementations,

typss and interrelationships of system compenents, and logie partitioning/integration chotces are
set forth. 1t will be appreciated, howeser, by one skifled in the art that the different

implementations may be practiced without such specific details. In other instances, contral
structures, gate level clreuits and full sofrware Instruction sequences have not been shown in
detsil iy order not 1o obscure the desceription.

{54} References in the speaification o “one embodinment,” “an embodiment,” “an example
erbodiment,” ete.. indicats thit the embodiment deseribed may include a particidar feature,
struvture, or characieristic, but every embodiment may not necessarily include the partiondar
feature, structure, or characteristic. Moreover, such phrases are not necessarily referring to the

same embodiment: Purther, when a particular foature, structure, or charagteristic is deseribed in
connection with an embodiment, it is submitted that it iy within the knowledge of one skilled
the art 1o offect such featore, structure, or characteristic in connestion with other embodiments
whether or not explivitdy described.

[H835] In the following description and claims, the terms “toupled” and “connected,” along
with thelr derfvatives, may be used. 1t should be understood that these terms are not intended as
svonyms for each othet, “Coupled” is nsed 10 indicate that two or more elements, which may
or mgy not be in direct physival or electrical vontact with each oihier, co-aperate or interact with
cach other, “Connected” i used to indicate the establishment of communication between two or
srcre elementa that are voupled with each other,

[B036] A user may connmunicale using user equipment (UE) via a communications system and
send and recedve data to ather UBs i the svstem or outside the system. Aceess (o the

sommunications sysiem may be provided by a fixed line or wireless communication interface, or

a combingtion of these, Examples of wireless access systems providing mohility for UBs include
cellular access networks, various wirelesy loval aren networks {WELAMs), wireless personal ares
stworks {WPANS), satelfite based compumication systems and variows combinations of these,
A conununication system typically operates i accordance with a standard andfor a set of
specifications and protocols which set out what the vadous elemenss of the system are permitted
to do snd how that shoalkd be achieved. For sxample, 1t is typically defined 1 the user, or more
precisely user device, is provided with a circuit switched ora packet switched communications,
or Both. Also, the manner in which conuunication should be implemented between the user
device and the various elements of the communieation and their fonctons and responsibilitizs

are tepically defined by 2 predefined communiation protocol. Various Rawctions and fedtures
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are typically sranged in & hierarchical or lavered structure, so called protocat stack, wherein the

~

higher level lavers may influence the operation of the lower level functions. In cellular systams a
network entity in the form of g base station provides a node for conmimunication with mobile
devices in one or more colls or sectors, In centaln systens @ base station 1s ealled "Node B
Typically the operation of a base station apparatus and vther apparatus of an access sysiém
squired Tor the communication Is controlled by a particular control entity, such as a hase station
gontrotier, mobile switching center, or packet data support node.
[OUS7] The present disclosure is deseribed in the context of the third generation {3G) mobile
comnnanications systems of the wiiversal mobile telecommunications systems {UMTS) and, in
particular, long term evoluton (LTE). A particnlar example of LTE Is the Evolved Usniversal
Terrestrial Radio Access (F-UTRA). An Evobved Universal Torrestrial Radiny Access Network
(B-UTRAN includes B-UTRAN Node Bs (eNBs) which are configured 1o provide base station
and control functionalities. However, the invention 18 not 5o lumited.
[0058] In the following description and claims, the terms “UE" and "User Equipmuont” are used
to refor to romote terminals, mobile devices or radios, subseriber eguipment and any other type
of mobile device that may connect to mors thas cell and experience a handover. The term
“handover” alzo includes “handoff.” The wros "eNB" or “eell” is nsed generally o refor to a
base station, an aecess point, a fised terminal and sinatlar devices and to the grea of radio
coverage of a base station, a cell, or a sector, The description is presented in the voptext of LTE
for Hustration purposes, but the invention 1S not so limited.
[0859] In LTE, mobility is used 1o refer to andover and handever protocols in general, as in
miobility robustness optimization (MRO), Tt is also used 1o refer 1o an information element that
indicates the speed with which a UE moves through ¢ The information clement may have
one of three values, high, medium, and low. This moebility is related to the speed with which the
UE moves across the ground and to an LTE parameter referred to as horlzonial velocity. In the
following description and claims, mobility is used to refer to both handover v a general sense
and the rate at which 2 UE travels. The rate at which a UE sends and receives data will be
referred to i other termas, such as data rate, high or low trailic, et
[9060] Though the standardized MRO mechanisms deseribed above may be very useful, they
have Hmitations, specificadly in Heterogeneons Network {Hethet) scenavios. HetiNet s an
environment in which the cells have different sives, Lo, the land area covered by different eNBs
is different. The calls involved in mobility are a mixture of large coverage laver cells and small
hot apot coverage cells gimed at increasing capacity in a very localized way.
{061] The success of UE mobility n a Helel scenario strongly depends on the time the UE is

expected to spend on a given cefl {Le. how hig the cell is and how fast the Ul ts moving). If this

1}
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1w not ponsidered, UES may experiencs wnnecessary handovers (e a faat moving UE may be
handed over to o smiall sizad nelghbor cell and thewn very quickly handed over to another
seighbor) oreven failures {e.g. after the handover of 4 high speed UTE to a small sized neighbor

is intiiated, the UE may move so far away from the small cell that the target vell signal may
beeme very weak by the time handover is completed and fallure may oceurl
{HI62] While the current nse of UE mobility siate parameters help to improve HO robusiness,
the drawbacks of this way of handover parameter adjustment, especially i 8 HetNet scenario
inciude:

The speed caleulation based on g number of handovers is not gecurate eventin a
homogenoas network, and it becomes gven worse in a HetNet;

All neighbors are tregted equally. For example, the UE adjusts the TTT o the same valug
whether the concerned farget i3 a big macroe cell or a very small pico cell; and

The TTT s optionatly adjusted in a speed dependon manner but no other parameters are
aciusted at all, and the same CIO is used regavdless of the UE's speed, which may greatly
undennine the benetit of adjosting the TTT.

Lhverview
{8853} In one context described herein, Uks moving at high speeds are not handed over to small

area cells, This is because the UE wil_i rEmain ;:}ﬁi'z.ysicafliy in the cell for g very short ime. Tt may
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The cell's signal may become very weak by the time the handover is completed. “I‘hereﬁ:we, for

Uy woving at high speed, the handover target cell may be selected not only on the hasis of the

Pl

stropgest received signal but also on the basis of the risk of handover faibuve or on the basis of
the wrget cell being snall compared 1o the speed of the UE, For these 1Es, the best target may
be g wide coverage cell.

{3064} However, if sopree cell mobility parameters such as TTT ave adjusted to allow fast
moving UE'S to junp small target cells and 1o seleet larger coverage cells, then this same
adiastment in 8 slow moving UE may degrade the mobility performaance. Slow moving Ul by
cortrast, may be better handed over 16 small coverage cells becanse they might be able to camp
on such eells for g long time while moving & slow speed, Current mobility solutions do not
allow handover target selection to differentiate on the basis of the UE speed and target cell sive
18365 In a frst area of the disclosure, UEs in high speed mobdlity are tremted differentlv asa
consequence of mobility failures, In another area of the disclosure, high speet UEs are treated

ditferently for Mobility Load Balancing (MLB) between neighbor cefls. MLB allows acell in

averfoad o offfoad some of s UEs by irtgpering mobility to a kess loaded cell, However, if g

UF is moving m relatively high spesd, it muay not be advisable (o tigger mobility for the purpose
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af ofi-leading the serving cell. This is bevause this UE will most lkely exit the cellina

relatively short time (therefore naturally offfoading the source cell), Moreover, g UF moving at
high spead iy already subject to the risk of mobility failures. I the normal course of mobility
provedures for such a UE is also disturbed by mobility due o load balancing reasons, the risk of

L TR T T N . . N - . ¥ P 2 20 v e

motiity failure may become even higher. Hence, handover may be improved by differentiating
between high speed UEs and low speed UEs for the purpose of maobility foad batancing, Current
solutions do not take into account UE molility when offloading 1Es to neighbor cells.
[0066] In vet another ares of the discloswre, when analyeing UEs moving at high speed it is

1

plansible o think that these UEs will handover frequently from celt to cell I¥ such UEs were

T B

subject to low traffic exchange, it may be beneficial to move the UEs w idle mode for as long a3
possible. This is because a UE in idle wode moving from eell to cell may net irigger handover
signaling and may noet be subject to handover fatlures. Recent advances in LTE echnology
atlow LiEs 10 be kept In a so called "abnavs on” state, In this state, the TE is kept in RRC
Comnected even if there is ne scheduled traffic, The "abaays on® state allows signaling o be
saved when the UE moves fron RRC idle to RRC Comnected state and because the UE 18
afready connected, it reduces end to end delays during traffic transmission,

{067 However, for UEs with Hutle or no traffic moving a1 bigh speed, the “ahways on” state has
the drawback of generating high numbers of HOs, with the risk of handover filares and with
isswes deriving from high HO signaling levels. Therefore, in systoms configuved i 2 way to
keep all UBs inthe "always on” state, there might be high signading loads and mobility
performance degradation for all nearby UEs cansed by a high speed TIE. This issue may be
subved by aflowing UBs moving at high speed to be differentiated and put into idle mode as
much as possible. The idle mode reduces huodover faihures, handover signaling, and UE
measiwrement reporing.

[8068] The idle mode is made more sffective if] in a HO, the target cell is informed that s UE
has been delibermiely kept inidle mode due to s high spesd mobility, This iy because the target

-

may immediately adopt ihis configuration for the UE moving Into Bs coverage, The target eell
may move the UE o idle mode as soon as possible.

Three Areas
{H069] The present disclosure presents, duer afia, one or more of three areas of HetNet mobility,
The first area is mobility optimization for high speed UBs in HetNet deployments, & cell size
information element (IE) indicating the sire of the cell originating the message may be added 0
the X2: RLF INDICATION message (radio link failure indication message). This, combined
with UE speed information already contained in the UE RLEF Report Contatner 1, allows the

receiving node to adjust its target selection eriteria based on UR mobility and neighbor cell sive,

,...
ted
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(80768 Further, an indication of cell stze may be inchuded for the cells involved i mobility

using the UE RLF Report Container 1 n the X2 H. ANDOVER REPORT message sent from a
farget eNH 10 a source ¢XB. The source eNB thus becomes aware of UE measurements taken at
the Ume of Bailure and the size of the neighboring cells. This information allows the souree 10
adiost its mobility thresholds towards neighbor cells and to prioritize cortain targets depending
o UE mobility.

{0671} Two mechanisms for differentiated target selection for high speed UEs may be used:

1Y & per-UE, per tavget cell, CIO (Cell Individual Offset):

23 target priovitization at the source eNE based on previously monitored fatlure events.
(#1972} The second aves is addressed by including UE mobility information in the UE History
122, which is passed o the target eNB a8 pat of handover messages. The mobility information
may be used to evaluate whether it is appropriste to select the UE as @ candidate for offfoading

to a neighbor cell, as it may not be beneficial 1w handover fast moving UEs for the sake of
wnhility load balanowg.
(O3] The third area is addressed by keeping a UR that has a bigh mobility state in idle mode as
fong as possible. This is to avold frequent handovers (HOg) and instead force the UE 1o perform
goll resslection. A fBag or IE is commuaicated to the new target cell that the UE bas been keptin
Hile mode due to its high mobility. Such conumunication may be achieved either via a pew I
ransmitied during handover signaling as part of the UR History Information IE or vis RRC level
sipnaling from the U o the new targer cell

First Area
{3574} Returning to the first area, HO performance for fast moving UEs is improved in HetMets,
Figure 3 and Figure 4 show two examples of conditions in which UEs moving at refatively high

speed may be subject to failure conditions during mebility in HetNet environments.  Flgure 3
shows an example of HO failure in HetMet, with re-establishment in g third cell. In Figure 3.2
UE i quickly moving from Cell A to Cell B and then o Cell € as indicated by the arrows
pointing to the right in the figwre. Cell B is much smaller than Tell A and Cell C. Inan
attempted HO from Cell A to Cell B, due o the high speed mobility of UE, the connection
Cefl B may fail, For example, Random Acvess Charnel (RACH) access may il or RRO
Connection Reconfiguration Complete messaging may fail because the UE s notin Cell B long
enougl te successfully complete the HO. The UE may then :‘succce;::ri.’nli}; re~establish connection
te Coll € after dropping the connection while passing through Cell B, Alternatively, the Uk

coeed in connecting to Cell B but shortly afterwards be out of mnge of Cell B and be

sebient to RLF (Radic Link Failure)., Again the Ul may thean re~ostablish the connection through

Cell O,
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I8073] Figwre 3 also shows g base station, such as an oNB, or similar structore negr the center of

gach of the three cells. While the base stations are shown as being pear the conter of each cetl;
they may alternatively define the sides of cach cell using seotorized anlennas or be in any other

desired configuration. In E-UTRAN, different user equipment weminals (UEs) are wirelessly

connecied  radio base stations (usually referrad to as evolved NodeB (eNEY) and are handed
over to different eMBs as they move from cell 1o cell, ax shown, In B-UTRAN the radip base
ststions are directly comnected to & Radio Network Controller {RWC) which vontrols the eNBs
connected to it The oNBs are connected to & core network (ON) via an 81 interface, The eNBs
are alse conngeted to cach other vig an X2 interface. An Operation and Support System {O88} is
fogically connecied to all the radio base stations as well as o the ON, via an Q88 interface.
[0076)] Figure 4 shows an example of mobility failure in HetNet swith re-establishment in the
source cell. The base stations and thelr connections are not shown as o Figure 3, 1 order to
simplify the drawing, but these base stattons and comncetions may still be present. Inthe
example of Figure 4, Cell B i3 inside of and much smyaller than Cell Ao In Figwee 4, alter
preparation to HO from Cell A to Cell B as the UE emters Cell B, the connection may fatl due to
1he hizh speed mobility of UE. Fer examiple. the connection to Cell B may fuil due to a faited
RACH aceess or failed RRE Connection Beconfiguration Complete, The UT might then re-
establish connection 1o Cell A after i has passed throngh Cell B, Alternatively, the UB may
succeed in connecting to Cell B but shortly after be subject e RLF and re-gstablish connection

to Call AL

0077] The mobility robustness oplimization (MRO} sehution currently standardized wouold net
aitribute the cause of mobility filures to the fact that the UE i3 moving above a cortaln speed

and in 2 HetNet enviromnent, Tt is likely thet standardized MRO algorithms would not react 1o

the failore conditions in an appropriate way. In current MRO procedure deseriptions, if the UB

re-eatabiishes or re~-connects to a target cetl or o a third cedl, then HO too early iy excluded as
the cause. The svstem will select HO oo late or HO 1 the wrong cell depending on

measurements and on the sequence of events {e.g. if the UE does not receive the HO Command,

then the standard deems the failure to be HO too late, even i the actual case may be something

else)

£

[078] Figure 3 and Figure 4 corvespond to the "Handover to Wrong Cell” and the “Toe Early

Handover" cases discussed above, respectively, The source cell A may try to reduee It cell
individual offset {CIO} fowards Cell B, However, this may have a negative iinpact on fow

muobility UEs which may be safely handed over to cell B, and alse cell B might still be taken as g
potential vandidate for high mobility UBs ifthe right signal conditions ave met. For the high

mobility URs, Cell B will most likely gevierate mobility failures, regardless of the measured

-
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sigmal quality for handover purposes. Henee there is visk in taking Cell B into consideration as a
target st all for high mobitity UEs, provided that other coverage cells are available,

{0079 In & first implementation, the X3 RLF INDICATION message is extended to include an
optional Cell Type IE (information element} of the cell from which the message is originated.
The Cell Type IR is not currently a part of the X2: RLF INDICATION message. The Cell Type
IE contains the Cell Size IF and is defined In soction 9.2.42 of 3GPP TS 380,423, The Celf dize
I may be extended 1o invlude more categories of cell sizes beside the currently standardized
Very Small, Small, Mediom and Large. The cell sive is an indication of the geographic area of
the cell, so that a celt with 3 smaller size takes tess time for a UE o taverse than a vell with a

(0801 In a second implementation, the X2 HANDOVER REPORT message is extended 0

inelude an optional UE RLF Report Container [E (as defined in T8 36,423}, an aptional RRC

Comection Setup Indicator 1E {as defined n TS 36.423) and an optional Cell Type IE relative w

the cell from which the X2: HANDOVER REPORT message has been originated. The X2
HANDOVER REPORT message does not cwrrently include these 1Ex. This extenston is miore
saitable for the case of "Handover to the Wrong cell™
{0081 The main aim of including the addittonal IEs in the RLF INDICATION and
HANDOVER REPORT messages 15 to sllow the source eNB to avoid selection of small celis
for high speed UBs in the future. By using existing 1Es the cost and complexity of
fplementation in B-LITRAN is reduced. However, instead of existing 1Es, new IEs may be
develeped that provide more aveurate and more relevant information. In other systems, which do
st have the TEs simitar 1o the additiopal 1Es mentioned above, new or different messaging may
he used o convey similar information st a airoilar tme in the protocel. The ase of the additional
I¥s ix described i the context of Figure § and Figure 6.

JDOR2T Figure 3 shows enhanced signaling supporting the resolution of HO to the wrong cell,
Figure 5 shows, in fime sequence from wp to bottons, & Measurement Control message from

'.‘ .

Cell A to UE. This i answerad by a Measurement Report from UE to Cell AL Cell A then
sends a Handover Reguest to Cell B Cefl B answers with Handover Request Acknowledgnen.
Cetl A then sends RRC Conneetion Regonfiguration to UE. IFUE is high mobility as in Figures
3 and 4. the handover may fail and UE will try to conneet to the nearest Cell, such a8 Celi Cin
Figwre 3or Cell A in Figure 4. In Figwre S, UE has moved to Cell Cand sends RRC Connection

B

Re-estahlishment Reguest or RRC Conpection Setup Request to Cell T I a connection 18
avatlable, then Cell O sends RRC Connection Re-establishment complete in response to the

KRR Connection Re~establishument message or RRC Connection Senup Complete in response

ta
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the RRC Connection Setup Message. Both messages may elade an RUF-Info-Avatlable
indicater.
{D083] With the connection complete, Cell € can then send a UE Information Request with an

RELF-Report-Req, The UE may then reply by providing the RLF report in the form of a UE
Information Response with the RUF-Repont, Celt C may then send the RLE Indication including
the received RLF Report and a cell sixe TR ax desertbed above to Cell B. Cell B sends an HO
Report including the Cell B and Cell C size IE described above to Cell A together with the UE
RLF Repon Container 1E that is contained in the RLF hudication message received from Cell €
[OU84] Thanks tothe cell size information and to the UE speed Information contained in the Ul
RLF Report Container IE (already present in the RLF INDICATION message), Celt A and Cell-
B may deduce that the mobility fatlure was due 1o o high speed UE attempting to handover to a
smalt cell (Cell BY, Cell A may therefore exclude Cell B as target cell for high speed moving
UE and prionitize Cell CL
[0085] In the scenario of Handover to Wrong Cell deseribed in Figure §, the standardized
solution for MRO foresees sending the RLF INDICATION message from Cell € to Cell B and
thereafier sending the HANDOVER REPORT from Cell B to Cell A, However, due o the
absence of cell stxe information from any of these mesasages and due 1o the absence of the Uk
RLF Report Container IE {containing UE measurements, UE speed information, fathure cell
details and more} from the HANDOVER REPORT, it may be difficult using the standardizad
MR for the eNB serving Cell A to determine that the failure was not due w erronenus mobility
seitings but due to a high speed U attempting to handover to a very small cedl.
[0886] The currenty standardized MRO selution specifies that i the UL re-establishes or re-
connects (from idie) to the prepared target cell (Cell By or 1o g thizd cedl (Cell O, then the case
of HO too carly is excluded (due o the UE not going back to source cell), Whether the failure s
due to HO Teo Late or HO to Wrong Cell, determination of the cause of the failure depends on
1) the interpretation of the mcasorements collecied by the UE and embedded in the UE RLE
Report Container IE and 2) the sequence of events {e.g. if the UE does not reveive the HO
{Command, the fatture is likely 1o be HO Too Late), Therefore, propagating the measurements in
the UE RLF Report Container IE also via the HO REPORT makes it sasier to accurately
determine the cause of the fubure,
[B087] Figure 6 shows an exanyple of enhanced signaling supporting the determination that a
HO failed boeause # was too carly, In Figure 6, Cell A sends a Measuroment Control message
10 DR, UE responds with Measurement Report. Cell A then seads & Handover Reguest message
to Cell B and Cell B responds with Handover Request Acknowledgment. Cell A then sends an

RREC Connection Reconfiguration message to UE, The handover then fails due 1o the high

17
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mobility of UE. Through the failure of the handover, the stignaling is the same as in the example

of Figure 3, However, in this case, corresponding o a scenaria such as that of Figore 4, UE
does not reconnert and move on o Cell C but instead reconnects to Celt A, This is shown ay
Celi A sending RRC Comection Re-establishment Request or RRC Connection Setup Request
to UE. I UE is ableto comnect, then it sends RRC Conneetion Re-establistunent Complete or
RRL
[(088] Cell A having conneeted sends UE Infirmation Reguest with and RLF-Report-Req to

“onmnection Setup Complete, depending on the type of request that it reeeived.

UE. UE responds by providing the requested report as a UE Information Response including the
RLF-Report. Having received this information from the UE, Cell A, then sends RLF indication
inclading the received RLF report to Cell B and Cell B responds with a Handover Report. The
Handover Report may include have the o early HO flag set and tnelude the IE for the size of
cell B as deseribed above.
{00891 Thanks to the cell size nformtion and o the U E measurements collected prior to the
failure {and included in RLF INDICATION}, Cell A may deduce that the mobility faitlure was
due 10 2 high mobility U attempting to hasdover to @ small celt {Cell By and that coverage on
Cell A was sl sufficiently good prior to handover, Cell A nay theretore exclude Celt Bas a
tavget vell for @ high mebility UE and allow the UE to stay on Cell A, 1t has been assumed
above that Cell A keeps the contents of the UE RLF report that # has sent 1o Cell B for g certain
daration, so that when the HAMDOVER REPORT 45 roceived later on, Cell A can correlate 1o §
and use the Information in the HANDOVER REPORT such as the UE spead, However # s not
necessary that Cell A saves the UE RLF. Alternatively, Cell € may inchude the UE RLF repont
¢ HANDOVER BEPORT messages, as in the case of Handover to the wrong cell discussed
ahave.
090 In the scenario of Too Barly Handover deseribed in Figure 6, the standardized MRO

solution sends an RLE INDICATION to Cell B, which wiggers the sending of a HANDOVER

pasd

REPORT towards Cell &, Cell A s slromly sware of the Voo Batly HOL This is because when
the UE fe-connects to the source it will report, among varicus other measurements included in
the RRC RLF Report, the time slapsed trom receplion of HO COMMAND {o connection
faiture. 1t is therefore possible to understand at the souree if the failure is for HO toc early. In
addition UE mobility information is contained in the RRC BLEF Beport received by the sourge
Cofl (Cell A i thiy casa),

{4691) The RLF INDICATION message is sent to the target in order to altow the target adjust
its mobility parameters, However, due to the lack of cell size information in the HO Report

message, Cell A may not understand that the mobility faihwe is due 1o a high mobility UE
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sttempting to handover 1o g small cell and thatsuch small eell Ix still within the coverage of Cell

{6092 The robustness of handover may be improved still further by providing additiensal
parameters, such as per-target handover paraneters and per-Ul handover parameters. There are

at least two different ways of schieving this. One way s to use par-UE, per-targat ClOs.

v

®,
Pl

miely, when eXB-A (Ul A, shove) identifies a UE moving at relatively high speed it may
assign, via signaling over UE dedicated channels, a specific CIO for Cell B {and possibly for
Cell O Such an offset will not be broadeast in Cell A system information blocks (81Bsy and 1t
will be used only by the UE in high speed. Such a CIU may allow the UE woignore Cell B and to
sither report Cell € as the best target (as shown in Plgure 3) or to remain on Cell A {as shown in
Figure 4).
[0093] An enbancement of this concept i3 to communicate @ mapping table fo the UE with a
sealing factor known to the UE and applicable to different UE speeds (e.g. for speeds less than
I0Km'h apply scale factor of 1, for T0Km'h - S0Km/h, apply a scale factor o 1.3, ete.). This
may reducs the amount signaling for cases where per UE, per target ClOs ars transmitied each
time a speed transition s recorded (low to medium, mediam to high, high te very high, ete.),
This mapping may either be commmunicated 1o cach UE during RRC connection setup via RRC
Reconfigurtion, or broadeasted over SIHs {very infrequently). UEs may thew, based on their
speud, pick the coresponding scaling faetor and multiply the CHO by i, and we the result, for
example, in the A3 ovent triggering ealvulations.

[3094] Per-UE, per-target TTTs may be sent similarly to the per-L7E, per-target UlOs above, bat

in this case, the cell size of the candidate target cells and UK speed are cmp!ay&d {0 adjust the
times to trigger (TTTs). That is, both the UE speed and the target cell size are employed to scale

the TTT. Carrent standards only provide for scaling dowsn the TTT for high speed UEs. For
examyple, the sealing may be based on the expeeted time the UL will spend on the target. e
target cell size / UE speed.

(093] eNB-A (Cell A) may recelve measurement reports from the UE in high speed webility,
including several candidmte cells, among which Cell B and Cell CLeNB-A will foree selection of
{he handover target in a way to avold handovers to Cell B, Namely eNB-A niay choose Cell ©
{irs the case of Pigure 3} or it will not initiate any handovers (in the case of Figure 4} despite the
fuct that Cell B, as reported by the UE, is the best candidate for mobility,

(098] Figure 7 is an example hardware diagram of a device architecture suitable for the UL and
for a eNRB, The hardwarg 700 includes one or more antenns elements 701, There may be
separgie ransmit and revelve arrays, secton ized or diversity antennas or a single smmdirections]

artenna element. For trapsmission, data is collected in a transnsit gueve 703 from which it s

i
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transterred to o basehand modulator 703 fur conversion (o symbols, modulstion and
upconsersion, A ransmitter 707 further modubates and amplifies the signal for tansmission

ihrough the antenna.

{5097} On the receive side, received symbads are demodulated and downconveried to baseband
i1 & receive chain 709, The baseband systent exiracts a bit sequence from the received signad
and genorates any error detection vodes that may be needed. The bit stream s stored in a receive
Buffer or gueus 713 for use by the system.

JOORE] A controller T13 cantrols the operation of the receive and transmit chalng, applies data to
the suthound queue and receives date fron the inbound queue. It also generates messages 1@
support the wireless and wired protocols over which it communicates. The controller is coupled
16 o OF Imore memory systems 717 which may contain soffware, intermediate cached vaines,
configuration parameters, nser and system data. The controller may alsw include internal
myeanory in which auy one or more of these types of information and data may be stored instead
of oy in addition to being stored in the external memory system, The comtroller s coupled 1o 2
systent inpaifoutput interface 719 which allows for communication with external devices and a
pser inputioutpur interface 721 to allow for wser control, consumption, administration and
aperation of the system,

ii}ﬁ}%} Inthe case of an eNB, the systew interface 719 may provide sceess over the S1, OSS and

X2 interfaces © the rest of the netwaork equiprnent to send and receive data, messages, and
administrative data, However, one or more of these interfaces may also use the radin interface
T or ancther bwerface (not shown). In the case of & UE, the syvstem unterface may conneet i

oibeer componenis on the dovice. such ax sonsors, microphanes, and cameras, as well as o other
devives, such as personal compuiers or other types of wircless networks, through wireless o
wired interfaces.
{30100] Figure § is a flow disgram of an example of a process that may be performed by
the cell to suhance handovers for g high mobility UE. The procesy is performed by g coll, here
exeniplified by @ eNB. However, the technigue may be adopted for use by any of a variety of
fase stations or aceess poins using different wireless protocels and standards. The welwique
miay be performed at the station that communicates with the UE or aspects of the provess may be
performed at & central Jocation, such as a base station controfler, or network adwinistration node,
{01 At 801, an eNB or other wirelzss radio station in a celludar radio commaunications

svatom recetves a report front another node, such as a neighbor eNB abeut a pamwiur LB, Thig

report may contain many different parameters and measures regarding the UE, The
measurements may be made by the UE ar by snother eNIB, or other type of bage station or access

point, In the described examples, the report includes any one or more of the signal strength

0
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measured by the UE andfor by the reporting base station during ap attemipted handeover, the

speed of the UF around the time of the handover, the time clupsed between the connection
request from the UE and the fuilure of the connection and other infurmation. The report may
also identify the particular UE o which the report refers
{08102} The report may include additional information such as the curvent location of the
UE, physical parameters or characteristics of the UE, timing information inctuding the tune at
which & failed handover was atiempted, ete. In'addition, the report may contam information
about the reporting cell, in particular the ste of the reporting cell, however, other information
miay also be included. In DTE, sn RUF Indication or a Handover Report may be used. For other
standards or protocols nther reports may be used.
{00103} At 803, the received report is analyzed to determine causes of the failed
handover, In the present example, the celt ia differentiniing between high spred or high mobility
UEs and slower speed or fower mobility UEs. The speed of the UE may be inferred from

tnformation in the report or the speed may be measured by the UE or by the base statious and

’5‘
bl

on 4 time

';‘

one or more speed measurements may be incloded in the report. For example
elapsed between the conpection request amd the fajlure of the copnection, the speed may
inferred, The accuracy of this speed may be improved using the signal strength of the signal

from the UE. The information on speed may b used 1o determine whether the speed of the UE

is g vause of the handover failure, as deseribed above,
[au104] As mentioned above, the size of the target cell may alse be incloded in the report

or obtained from a lookup table stored Jocally or remotely. 1 the LE speed is high and the
targel cell is srall, then it may often be inferred that the handover failed becnuse of the speed of
the UE. All of this information may be used 1o adjust mobility thresholds for the Ul The cell
may store Jocally or at g central location a table of neighboring cells and mohility thresholds for
cach one. The mebility thresholds may be used to determine i a particular UE may be handed
Gver 1o sach resp&uﬁ\sa neighboring cell. T o simple example, the mobility thresholds are signad
gth thresholds. The signal strength theesholds may be the strength of the UE signal as
measured by one ¢ more uf the cells, or the strength of cell signals as measwred by the UL
Alternatively, timing offsets or propagation delay may be used to determing when a UE iz able
0 be handed off 1o another ool At 803, the dresholds are adinsted to accommodate the speed

of the UE and sizes of the netghboring cells,

301051 At 8§07, the cell may send 4 mapping table to the UE for the UE tonse
requesting & handover or in requesting a connection. The table may include  list of neighboring

calls with pricrities, mobiiity theesholds, scaling fhetors, and ethey information for the LB o

use. In g simple example, the mapping table iz a Hst of the neighboring cells that, for a high

2
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speed UE, places a higher priority on larger cells. This will reduce the number of unnecessary

ar short duration handovers to small cells and allow slower LiEys to make botier use of smalier

wells,
{0016 The thresholds may be signal stength thresholds, so that the UE will not request
a cevmection or handover (o 3 particular coll unless the signad reveived from that cell excesds the

threshold, The table may also include time offsets for how fong & cell’s signal must exceed the
threshold before the UE requests a connection or handover, Alternatively, the time may bea
T

{00107 The operations of Figues § may bo repeated when g certain number of reports arg
received or periodically after & certain thne fiterval has elapsed. These operation can ovcur as
pew reports artve and @8 new UBs arrive. 1 a particular UE leaves the cell, then the operativny
wifl not be repeated for that UE unless it returns.

s

Second Area

{80 108] Turning to the second area, differentisted treatment of UEs moving in high speed
may be done for the purpose of Mobility Lead Balancing (MLB). As mentioned above, ifa UE

moving at high speed is selected as a mobility load balancing candidate, fallores may cecur. This
ia becatse high mobility UEs underge challenging radio conditions and are fikely 1o oxit the
serving cell in g relatively short tinte. Forcing the UE to handover to g neighbor cell when radio
conditons do not necessarily require, and when the UE permanence in the serving eel is bikely
s be short, may not be efficient,

[66109] In this second area, the latest version of the locattonlafn IE {ay defined in
TE38.331) monitored by the serving cell is added to the UE History Information 1E {ay defined
11 TS38.423), The locstioninio IE may be moditied o include information about the UE
hortrontal veloohty (as defined in TS36.333) in addition to tocation coordinates. Horizoatal
velocity 1s & meastre of the speed at whieh the VE travels. It provides move accuracy than UE
michility state, which may be used as an aliernative, Therefore, during handover signaling the
target eNB may be informed about the UE velocity at the last time 1t was recorded in the source

cell. Ithe velocity is above a pre-determined threshold, the target eNB may decide not to

consider such a UE a3 a candidute for mobility load balaneing procedures.

jpiid Bven without the communicatinm of additional information, already available
veloeity and other information may be used 1o evaluate whether the UE shall be considered as a
Mobility Load Balancing (MLB) candidate. There are cases in which the Uk attempis w
handover to & target cell but the attempt will fidl and the TR will try an RRC Connection Re-
establishment with a third cell (as in the case described in Figure 33 In these cases, the eNB

serving the third cell involved in the mobility procedure will not recedve the UR History
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Infermation [E due to the fact that this IE s only incheded in the X2 HANDOVER REQUEST

{111} In order 1o allow the eNB serving the thind cell o receive UR velocity
information, the RRC Connection Re-Establisthment message provides an 1E named RLF-
InfoAvailable IE, which indicates availability of an RLF report from the UE, This report may
also contain UE ’sfei{mii}-' information, The eMNB serving the cell in which the UR atterapis re

estahlishment may make use of this velovity information to determine whether to consider the

UE as a candidate for MLB procedures.
{0112} Fignre 9 is @ example proceas Slow diagram implementing techniques deseribed

ahave to support the MLB process. Figure 9 represents a process performed by a node in the
wireleas syatem, such as an eNB or similar device. As i the example of Figare 8, some of the
operations may be performed locally and others in a central focation. Instructions, tabies, and
pavameters may also be stored locally or contrally, At 901, the node v a related control entity

determines to perforn a load balancing process. The MLB process will inclade handing some

UEs gver to other cells, to distribute the load between vells miore evenly,
[30113] AL 903, the vell or a related patity in the system selects candidate Us for load

halancing moves. At 905, velocity information is obtained or dertved for at least some of the
candidate UBs. Fxamples of obtaining this information are provided above and in the context of
{114} AL 907, the velocity information is correlated with the UE candidates for MLB.
This alfows afl or some of the candidate UEs to be identified as high or low mobility. The Uls
muay e gronped into twe or more different clusses based on mobility and on other factors. At
809, the groupings or identifications may be used lo determing whether to exclude some of the

‘s oflen move

{/Ex from the losd balancing operations, As memtioned sbove, high mobility U
quickly out of g cell. Therefore, if a high mubility UE is moved 0 another cell through
handover, it may very soon require another handover i the same or a differsoat direction. On the
other hand if & high mobility UE is not moved, itmay very soon reguest a handover, or be

handed over nevertheless as #f move to another cell,

o115} Turning to the third area the frequent handover signaling generated by Ulisin

Iigh mobility is addressed. UEs in high mobility are sometimes only transmitting 8 small

amcunt of data traffic. Therefore, by keeping such UEs in tdle mode as much as possible,
failures are minimized and mobility sign dhing due 1o Active Mode handovers is also minimized.

This selution is contrary to the standardized approach of keeping the UBs in "always on® mode.

iad.
T
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Rach a UE is in RREO Connected mode even when it has no trafic o send or to receive, frwill

guire handovers as it wioves from cell to cell even i it does not send or receive any data
jo116] By keeping a high mobility UE in idle mode for a3 long as possible it is possible

o reduce the nomber of handovers and to force the UB o carry out cell reselection mstesd

Exeept for Tracking Args Updates done independently of connection establishment, cell
reseloction dogs pot require any signaling with an eNB. Once the UE i placed into a forced idie

mede status, there are al least two ways for g new cell on which the UE has camped to know that
the LE has been kept in foreed idle due to iis high mobility and low data tmific exchange. In
both examples, below, 3 foreed idle infermation element is sent on a signating buarer. However,
nther messages may be uged instead, including various types of Hags,
0117 In one example, information showt the forced idle status may be sent by the UE
as UE History Information. Al some point. after the UE is put into the foreed idle, it will fikely
need 1 ransmit o the cell station. This novmally ocours by moving nto an RRC Comnected
state in order to exchange data waffic, If the UE moves from a serving cell 1o a target cell during
this time window, the information aboui the forced idle UE status may be transtorred o the
sarget cell as part of a UE History Information [E. The UE History Information {E may be
extended 1o also inclade an idle mode 1B, The idle mode TE specifies tha the UE has been kept
in forced ddle 1o the provious serving cell.

HIRRRY Asan alternative, the idle mode 1E may be sent by the UE as part of Connection
Re-eatablishment message. As explained above, active mode mobility muy be subject to fathure
andd the UK may try 1o re-establish a conpection on snother cell. The RROC Connection Re-

establishment message may be extended to also Include an wdle mode IE that indicates that the

[ E

has been kept in forced idle made in the previously serving cell.

o119 The addition of the new [E, regardioss of how and when it is transmitted, gives
the new serving oNB the opporiunity 1o immediately move the UR back into foreed idle mode
gad to check more freguently i the UE mobility and data transfer remain such gs to justify the

forced idle status,

jaiany {inder the standards, if the UE moves to a different cell while in 1dle mode, there
wil be no handover signaling but purely cell raselection. In another alternative, in order to

guickly inform the newdy reselected cell aboutthe forced idle mode, an idle mode T8 may he
actded to the RRO Connection Setup message that the UE sends as soon as i needs wo send or
recoive data. Using the idle mode 1E with @ connection setup messages altows the UE to send
dats shortly after it is necessary. Accordingly, the UE can wansfor the idle mode information
widependent of any commuadesiion between eNBs. It is not pecessary for the network to

provide a UE History lnformation or Conngction Re-establishment message, As a result, the UK

24
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i idle mode s not prevented from sending date. Instead, as soon as there i3 data o transmit, the

UE sets up a connection. Az soon as the data has been transmitted, the UE moves back to idle
mode in the guickest way, This is more efficient and requires far fewer handovers that keeping
the UE always on, where the UE will always be in RRC Counected mode even during long

discontinuous reception {DRX) and discontinuons tranamission (DTX) peniads,

{0121 Figure 10 shows an example process flow for asing an idle mode witha UR to
reduce handover overhend and failed handovers, AU TIDT, a cell recetves information abowt one

or more UEs that are registercd with or connected 1o it The information may come from direct
observation, from the UBs direetly, or from the information elements and reports described
above. Any combdnation of these including local, nelghboring, and central information sourees
may be used.

[80122] AL 1003, the cell determines that a UE has high mobility and low waffic, The
following operations are particularly useful when the Jow watfic s delay sensitive. This
determination may be done in whole, or i part, by the cell using focal or contral data and
processing resources. As with all of the techiniques deseribed herein, the parioudar speed
reguired to qualify a UE as high mobility or high veloeity and the panticalar data rate requived o
qualify a UE as low data traffic may be adapted to suit any particular implementation. In the
example of failed handovers, g high mobility UE may be defined as a UE that fails to handover

to a particular small cell. Altematively, in that and other sttnations, the standards of bigh and

low may be based on the amount of ime uqmrgd to servive the UE with redundant requests, or
a certain percentage of Uls may be assigned to be high and low. As a further alternative, the

UR may determine a mohility ar velocity vadue using techniques defined in the standards or in

other wavs such as using satellite or terresivial location information, and measuring data

fi

COMMIBHCANoN rates nyer tme.

{80123} In the example of Figure 10, the high mobility, Jow raffic UK §s ideally one that
will create Joss signaling overhead i foreed o fille without any noticzable digtraction or
irritation of the user. The particular thresholds to achiove this ideal will depend on the particular

tmplementation as well as the particular UE and its geographic ciroumstances,

{124 At 1003 the high mﬂbiiity, low traffic UE Is commanded to move 1o an idle stae.
This is also referred to hervein as forced idle. Typically, such o commanid will be sent or exevuted
after the UE is finished travsmitting and receiving. Typically, the cell and the UE bave transmit

f"ar

tuffers After all of the daga in the ransmit bulters on both sides has been transmitted and
received, the UE may be idled with no adverse effeet on data transimission. inone examplie,
there is a delay time before idling, so that new data does not immediately arrive aid poeasion a

new transmission immediately after the UE idles. In another example, a time threshold can be

[
L¥g]
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srecified in the go to idie mode command and the UE can stay in that mode for that period,

3

o

wiless the speed becomes lower than a eertsin threshold or there is a data that needs 1o be
transmitied. The UE may then stay in the cell or move 1o another cell before the condition is
foifiifed to return to connected mode (Le. before the UE has data 1o transmit or receive, a timer
expiration, a speed change, el

{0125} At some fater point in tme, (o2 nicroseconds or nimues), st 1007, the UE bas
nesy aplink data 1o send and requests a connection, or the closest cell has identitied the idling

LiF and esiablishes a connection with the UE to send new downlink data. The UE and the cell

change data as pecessary and then at HIB®, tse UE returns 1o dle.
{01 2] For faster, more efficient operation, at 1011 the cell that detenmined thay the UE

should be forced to idle may send this information to another cell of the systom. Even in idle

&

node, the cell, or a combination of cells. may be able to track the UE and detect when it has

moved to another cell, By informing the otber cell that the UE bas been forced 10 idle, the

other cell may continue to force the UE woidle. In addition, the signaling protocels between the

s

and the cell may be mare efficient i the cell is already aware of the status of the UE,

P

Conclusion
{0127 The techniques described above allow UES to be handled differenly m differamnt
sitestions. b particutar, high mobility UEs, as determined by UB velocity relative to the size of

{1

the vells are treated differemtly 1o provide less sverhead and more robust handover, Corrent
approaches provide vue configuration for ail types of UBs thigh speed and low spead)y and for all
types of target cells (very small, soadl, medihan and large),

{128 By differentiating on the basis of UE speed and target eell aize, UE povformancs
fa improved by avoiding mobility fuilures that result in Key Performance Indicator (KP1 and
Guality of Servive (Qo8) degradations. Load distribution in the radio network iz made more

dyrmic and robust by selecting a more reliable cell for traific offloading. UE power

sonsnnption may also be reduced by mintmizing the number of cells for which the UE needs o

=y

colect and report measurements and by reducing the amount of mobihity signaling generated by

o

s

he UE. Nepwork performance is also improved by reducing handover fattures and radio tink
fatlures, Finally, network scalability is improved by reducing the amount of handover signpaling
rowards the core network.

jOB139] The operations of the How and signaling dlagrams ave described with reference 1o
exemplary embodiments. Howsever, it should be understead that the operations of the flow
diagrams can be performed by variations other than those discussed with reference to these other
diagrams, and the variations discussed with reference 1o these other diagrams can perform

ppevations differemt than those discussed sith reference 10 the flow diagrans,
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{80136} As deseribed herein, instructions may refer 1 specific configurations of hardware

such as application specific integrated circults (ASICE) vonfigured to perform certain operations
or having a predetermined Rinctionality or seftware instructions stored in memery embodied ina
non-transitory conmputer readuble medivm, Thus, the teehnigques shown in the fpares can be
implemented using code and data stored and executed on one or more electronie devices {e.g. v
L, an eNB, olc.). Such electronie devices store and commumivate {internally andfor with other

slectronic devices over & network) code and data using machine-readable media, such as non-

transitory machine-readable storage media {v.g., magnetie disks; ; random access

=

memery; read only memory; Hash memory devices: phase-change memory) and wansitory
machine-readable communication media {e.g.. electrical, optical, acoustival or other form of
propagated signals — such as carrier waves, nfrared signals, digital sigaals, ete), In addits

such clectronic devices typieally include a set of one or more processors conpled 1o one or more
other componeas, such @8 one or more storage deviees {non-trapsitory machine-readable storage
media), user inputéoutput devices {e.g., a bevboard, a touchsereen, andfor a display), and
network connections. The coupling of the set of processors and other compaonents is typieally
through one or more busses and bridges (slso wrmed as bus controlters). Thas, the storage
device of a given electronic device typically stores code andfor data for execution on the set of
one ar more processors of that electrowic device. Of course, vne or more pans of an

embodinment of the invention may be implemented using different combinations of software,

frmware, andfor hardware.

0131} The operations of the flow diagrams are described with reference 1o the
exermplary embodinents of the other diagrams. However, #t should be understood that the

operations of the How disgrams can be performed by embodiments of the invention other than
those discussed with reference to these other diagrams, and the emmbodimenty of the Inveniion
discussed with reference 1o these other dagrams can perform operations different than those
discossed with veferencd 10 the flow diagrams.

jot132} While the flow diagrams in the figures show g particular order of operations
rerformed by certain embodiments of the fnvention, it should be understood that such order is
gxemplary {¢.4., aliernative embodiments may perform the operations in a different order,
combine certaln operations, pverlap certain operationy, ete.d.

{1331 While the tnvention has begn deseribed in terms of severad embodiments, those
skilled in the art will recopnize that the Invention 1s not Hmited 10 the embodiments deseribed,
can be practiced with modification and alterstion, The description is thus to be reparded as

itlustrive nstead of lmiting.
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CLAIMS
A methad implemented in a network node of a celhilar radio communications system 1o

ingrove system functionality using speed infirmation regarding & user equipment (LE). the
method comprising:

receiving (801 an indication of a speed of movement of the UE;

amalyzing (8031 system parameters using the speed of movement indication; and

adjusting {ffs}f};i,} the system parsmeters psing the analysis,

2. The method of Claim L
swherein receiving an indication comprises receiving {8015 a report, for example an HO
Report or an RLF INDHCATHON message, from another network node indicating
a signal strength measured by the UE during an attempted bandover from the
network node to the other cell, and g thme elapsed between a connection request
by the UE and a failure of the vonnection together with the indication of g speed
of moverent of the UE;
ein the system parameters comprise mobility thresholds for the
whereln analyzing comprises analyzing (803} the handover repert to determine whether
the handever fathure is due to UK speed of movement; and
wharein adjusting comprises adjusting {§035) mobility thresholds for the UE with respent
1o neighbor cells.
3 The method of Claim 2, wherein recelving a report comprises recetving a handover

fatlure repord, for example an HO Report including o UE RLF Report Conmtainer 1, the repori
g 3 4 (s 3

including an indication of the size of the other cell, and wherein analy2ing inchudes analyzing

i1t

asing the size of the other cell.
4, The method of Claim 2 or 3, further comprising sending (807) a mapping table w the UL
indivating priorities for cells of the cellular radio communications system, the mapping table

optionally incleding scaling factors for analyzing received signal sirengih for handover to cach

satwork node of the mapping table or times to trigger for determining when to request handover

o each network node of the mapping table.

5 The methed of any one or more of the above clabms, farther comprising priosiitzing

arpet cells for the UE depending on the indication of the speed of movement of the UE for

Al

sxample by sending & per UE per target €10 to fadt meving UBs
& The method of Clalm 1, wherein the syslem parameters include a Ust of candidate UEs
mrve from the network node to another netverk node as a load balancing move and wherein

receiving an indication of speed comprises receiving (903) speed information regarding speed of
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movement of a move candidate BU, for example in UR history information ¢r an RLF Repoat

from another node, the methad further comprising:
selecting (903) move candidate UEs;
determining (907} whether a selected move candidite UE s o high ninbility UE osing the
received speed information: and
excluding (909) the selected move candidate UE from a foad balancing move i the
seleeted move candidate UE is determined to be a high mobiliy UE.

7. The method of Claim 6, wherein determining whether the selected move candidate EU 1

a high mobility U comprises comparing the received speed information to o threshold speed,

8. The method of Claim & or 7, whevein receiving speed information comprises recaiving
speed information 88 an information element of location information regarding the selected
miove candidate or as an information element of a fatled handover veport, for example a UE RLE
Report Container IE in an HO Report, snd wherein reeeiving spesd information optionally

comprises recelving speed information from the move candidate UL,

&, The methed of Claim I, wherein the system paramsters comprise a st of Us that have
been commanded to operate in an idle mede, the method comprising
deternaining (1003) that a UE has & high speed of movenent and a fow traffie data rate;
conunanding (1005} the UE to move to an idle mode after a UE data transmission; and
receiving {10071 a vonnection request from the UE when the UK bas addittonal data o
transmit, the UE moving fram the idle mode to send the connection request; and
sending (1011} information to ancther network node of the radio communications system
that the UE has been commumided 10 move to an idle mode upon determining that
the UK has moved near the other cell
10, The methed of Claim 8, wherein the UE retarns 1o the idle mode after pansmitting the
adiditional data.
11, The method of Claim 9 or 10, further comprising waking the UR from the idle mode o
receive transmitted data,
12, The method of Claim 9, 10, or 11, whersin the conngction request 13 8 reguest o conrect
i another cell and the connection reguest, for example an BRC Connection Setup Request or
RRC Connection Setap Complete message, and wherein the request includes sending the
iformation within the request as an indication that the UR has been commanded to move o an
idle mode by the Hrst cell.
13 The method of Clatm 9. 18, 11, or 12, whereln sending information conypwises the LUE

sending mformation 1o the other network node as part of the connection request
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e The method of Clalm 9, 10, 1, 12,60 13, wherein sending information comprises

aeriing information as an information element of UK history information.
15 A petwork node {700y of a cellular radio communications system conflgured to improve

wam fanctionality using speed information regarding a user equipment (UE), the nebwork

nsde comprising;
a revelver {709} configured to receive an indication of a speed of moverent of the UE;
a contraller (713) configured to analyze system parameters using the speed of movement
indication and o adjust systen parameters: and
a transmitter { 707 configared to frummil systom parameter adjnstments 1o other nodes,
i& The network node of Claim 15, whersin;
receiving an indication Rether comprises receiving ® handover report from another
network node indivating g signal strength measured by the UE during an
attempred handover and 8 tune elapsed between a conpection request by the UE
and 8 fatlure of the connection:
analyzing system parameters further comywises analyzing the handover reportio
determine whether the bandover fatlure is due 1o UE speed of movement; and
adjusting system pavameters further comprises adjusting mobility threshelds for the UR
with respect to neighbor network nodes.
17, The network node of Claim 1§, wherein:
the controller is further configured to determine that a UR has a high speed of movement
and g fow tratfic data rate;
the transmitier is further configured 1o transmit systen parameter adjustments by
commanding the UK to move (o an idle mode after a UE day transmission;
the receiver is further configured o receive a conneetion reguest from the UE when the
UE has additional data (o transmit and
the network node further comprising ayystem interface (7193 configured to send
information to another cell of the radio communications svstem that the UE has
been conunanded to move o an idle nmiode upon the controller determining that

the UTE has moved near the other cell

The nerwork node of Claim 15, wherein:

e

the controller is tarther configured o determine that o UK has a high speed of movement
and a low tmaific dala rate;

the transmitter i further configured (o ransmit system parameter adjustnients by

commugiding the U to move 1o an idle mode after a UE data transmission;
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the receiver is further configured o receive a connection request from the UE when the

UE has additional dataio transmit; and

the network node Bather comprising a syatem interface configured 1o send information
to another cell of the radio commuanications svstom thet the UE has besn
comutanded to move to an ke mode wpon the controller determining that the UR
has moved near the other cefl

iw. The network node of any one of Claims 15, 16, 17, ur 18, wherein the transmitier

transnIits system parameter adjustment as in information element of UE history information.

A network node (7003 of a cellular radio communivations systeni configured to imprave

\

svatem functionality using speed information regarding a nser gquipment (UE), the network

node comprising:

means {709) for recetving an indication of a spred of movement of the Uy
means {715) for analyzing system parameters using the speed of movement indication
and to adjust system parameters; and

cans {707) for transmitling system parameter adinstments o other nodes.

Ted
e



WO 2013/019153 PCT/SE2011/051271

N
b I
- — N':
e
At
e v
T, ~ -
\ =
™, ~ o
* <

S X 7 %\‘:mm:ﬁ'm cait (N}

FIG. 1
PRIOR ART



N

WO 2013/019153 PCT/SE2011/051271
248
Source e Serving
Uk SNR Target eNB Yk Gatewa
ichnr fide |
| Weasurement { Area Restnclion Provided .
Lontrol !
wegkelData |l e ol
o..HL Allecation Lecend
2 Megsurement Sianali
Repons p—gm——— J Signaling
P [ 3 HO, Decision A
4 Handover Request | L1/L2 Signaling
3 — ..M....“;A..‘f...vyp
5§ Admission Control or Dats L
oL Allscat (e User Data
e 25 OCENOR - .. F Handover Request Ack
{ PRC Conn Recond fnel
. Mobiity Control infe
{ Detachfromold Cell }{ Deliver Buffered and in
and Synchronizeto || Transit Packets io
New Cell J L Target eNB ;
8 SN Status Transfer
| Data Fowarding 5
‘ [ Buffer Packels from ...
oo alNB
“““““““““““““““ 9 Synetvon jzation. - SOUCEENE
e i 10 UL Allocation # TAfar ... ..
UE RRC Conn Reconf Complete
T 7= A0 L —— s ... PacketData . .+
{12 Path Switch
Request 413 Modify Bearsy
rRequest .
- EndMaker 1 [ 14 Swilch |
DLPath
Ef o~ b 7:
| DU acketData N
..... End Marker | i
18 Modity Bearer
_ Response
18 Path Switch
T
17.UE Context Releage | oqUeStACK
[ 18 Qei&ase}
i__Resources

PRIOR ART

Handover Preparation

Handover Execution

Handover Completion



WO 2013/019153

PCT/SE2011/051271

38

i, ww_ﬁ_,,w" \\\ é‘_w.»w*“'f
T i N ettt
FIG, 3
AR A T A A
- PR e e,
b -
e F
e

i i
Celi A
{_,w"

o

J
)/
%

e Py

i




WO 2013/019153

PCT/SE2011/051271
4i8
"""" - eNB-A eNE-B eNE-C
{callA} {califl) {celiCy
Ieasurement Control
Measurement Report|  Handover Request
Handaver Request Ack
RRC Conn. Reconfig]
Mobifity Failure [UE reconnects to Celi G}

RRC Conn. Re-esia

blishment request or RR

C Canp. Setup Request

| RREC Comn, Re-sstab

istinent or RRC Conn,

Selun

RRC Conn. Re-astablis

hment complete or RRG

Conn, Setup Complets

{with RLF-INFO-AVA

< UE Information Reaqu

LABLE indicatan

ast {with BLF-REPORT-

REQH

UE Information Bespg

"\Q
nse {including RFL-REFR

ORT- REQ)

RLF INDICATION
Including RFL REPORT

size of Call C)

"y
3

(HO to Wrong celt flag s
_ REPORT, size of cal

HANDOVER REPORT

8, sizeofcell C

g, including RUF




WO 2013/019153 PCT/SE2011/051271

58
UE eNB-A eNB-B
{cellA) {callR)
Measurement Contral N
g Handover Request .
. Handover Regusst Ack
e RRC Conn Reconfig, )

Mobifity Fallure [UE reconnects to Cell A

-y

RRC Comn. Re-ssiablishment reg;ﬁest%
RRC Conn. Setup Request

RRC Conn. Re-establishment or RRC Conn. Setup

RRC Conn. Re-establishment Complste or
RRC Conn. Setup Complete {with RLFINFG-AVAILABLE Indicator

UE information Request {with RLF-REPORT-REQ)

<t

“UE Information Response {including RL@F-REFGRT}

¥

RLF INDICATION {including RLF REPORT

L

Handover Report {too sarly H(

&
%

=

Flag sel, size of cell B)



WO 2013/019153 PCT/SE2011/051271

@
52

700 —

Rx Tx
88 BB

£
-..,‘Ja:‘
5O
o
1t
4
n}

CONTROLLER

SYSTEM 1O USER 10

MEMORY

717 718 721

4 &

E

i ;

!

E
¥ ¥

FIGT



WO 2013/019153 PCT/SE2011/051271

RECEIVE REPORT FROM NEIGHBOR CELL

ANALYZE REPORT
803

ADJUSTING MOBILITY THRESHOLDS
808

SEND MAPPING TABLE TO UE
507

FIG. 8

INITIATE LOAD BALANCING

801

SELECT CANDIDATES Uks FOR LOAD BALANCING MOVE

803

¥
RECEIVE SREED INFORMATION FOR CANDIDATES Uks

908

W
DETERMINE WHETHER SELECTED CANDIDATE UE 18 HIGH
MOBILITY UE
a8y
EXCLUDE HIGH MOBILITY Uss FROM LOAD BALANCING
MOVES
909

FiG. 8



WO 2013/019153 PCT/SE2011/051271

818

RECEIVE REPORTS FOR A UE

¥
DETERMINE THAT UE HAS HIGH SPEED AND LOW DELAY
SENSITIVE TRAFFIC
1003

COMMAND UETOIDLE
1005

¥ .
RECEIVE CONNECTION REQUEST FROM OR SEND TO UE
1007

¥ ——
UE RETURNS TO IDLE

¥

SEND INFORMATION TO ANOTHER CELL THAT UE HAS BEEN
COMMANDED TOIDLE
1011

FIG, 10



INTERNATIONAL SEARCH REPORT

International application No

PCT/SE2011/051271

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4W36/00
ADD.

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

HOAW

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, INSPEC, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

AL) 8 July 2010 (2010-07-08)

[0004]
[0007]
[0010]
[0040]
[0042]
[0051]
[0068]
[0071]
[0128]

paragraph
paragraph
paragraph
paragraph
paragraph
paragraph
paragraph
paragraph
paragraph

r» <

paragraph

paragraph

paragraph
paragraph
paragraph

X US 2010/173626 Al (CATOVIC AMER [US] ET

[0011]
[0043]
[0069]

[0073]
[0131]

1-3,5,
15,16,
19,20
6-8

4

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

14 June 2012

Date of mailing of the international search report

26/06/2012

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Heinrich, Dietmar

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/SE2011/051271

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

3GPP: "3rd Generation Partnership
Project; Technical Specification Group
Radio Access Network; Evolved Universal
Terrestrial Radio Access (E-UTRA) and
Evolved Universal Terrestrial Radio Access
Network (E-UTRAN); Overall description;
Stage 2 (Release 10)",

3GPP DRAFT; 36300-A40, 3RD GENERATION
PARTNERSHIP PROJECT (3GPP), MOBILE
COMPETENCE CENTRE : 650, ROUTE DES
LUCIOLES ; F-06921 SOPHIA-ANTIPOLIS CEDEX
; FRANCE,

vol. RAN WG2, 23 June 2011 (2011-06-23),
XP050539110,

[retrieved on 2011-06-23]

cited in the application

chapter 1 "Scope"

chapter 20.2.2.14 "Mobility Settings
Change procedure"

chapter 22.4 "Self-optimisation"

3GPP: "3rd Generation Partnership
Project; Technical Specification Group
Radio Access Network; Evolved Universal
Terrestrial Radio Access (E-UTRA); Radio
Resource Control (RRC); Protocol
specification (Release 10)",

3GPP DRAFT;

DRAFT 36331-A20 UPDATE.ZIP:DRAFT 36331-A20
_UPDATE1 WITH_R EV_MARKS, 3RD GENERATION
PARTNERSHIP PROJECT (3GPP), MOBILE
COMPETENCE CENTRE ; 650, ROUTE DES
LUCIOLES ; F-06921 SOPHIA-ANTIPOLIS CEDEX
; FRANCE,

vol. RAN WGZ2, no. Barcelona, Spain;
20110509, 24 June 2011 (2011-06-24),
XP050552489,

[retrieved on 2011-06-24]

cited in the application

chapter 1 "Scope"

chapter 5.3.5.6 "T304 expiry (handover
failure)"

chapter 7.1 "UE variables"

US 2009/163223 Al (CASEY THOMAS [FI])

25 June 2009 (2009-06-25)

paragraph [0001] - paragraph [0002]
paragraph [0011]

paragraph [0053]

paragraph [0068]

1-20

1-20

6-8

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/SE2011/051271

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

GUANGXI ZHU ET AL: "Load balancing based
on velocity and position in multitier
cellular system",

CONSUMER COMMUNICATIONS AND NETWORKING
CONFERENCE, 2006. CCNC 2006. 20 06 3RD
IEEE LAS VEGAS, NV, USA 8-10 JAN. 2006,
PISCATAWAY, NJ, USA,IEEE,

vol. 1, 8 January 2006 (2006-01-08), pages
463-467, XP010893251,

DOI: 10.1109/CCNC.2006.1593067

ISBN: 978-1-4244-0085-0

the whole document

US 2010/093350 A1l (WANG PETER S [US] ET
AL) 15 April 2010 (2010-04-15)

paragraph [0002]

paragraph [0008]

paragraph [0036] - paragraph [0040]
paragraph [0044]

paragraph [0059]

6-8

1,9-15,
17-20

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/SE2011/051271
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2010173626 Al 08-07-2010 CN 102273249 A 07-12-2011
CN 102273262 A 07-12-2011
EP 2386171 A2 16-11-2011
EP 2386174 Al 16-11-2011
KR 20110111465 A 11-10-2011
KR 20110111466 A 11-10-2011
TW 201101883 A 01-01-2011
W 201112802 A 01-04-2011
US 2010173626 Al 08-07-2010
US 2010173633 Al 08-07-2010
WO 2010080848 Al 15-07-2010
WO 2010080849 A2 15-07-2010

US 2009163223 Al 25-06-2009 US 2009163223 Al 25-06-2009
WO 2009080895 A2 02-07-2009

US 2010093350 Al 15-04-2010 AR 072905 Al 29-09-2010
CA 2733322 Al 11-02-2010
CN 102138354 A 27-07-2011
CN 201616912 U 27-10-2010
EP 2327249 Al 01-06-2011
JP 2011530866 A 22-12-2011
KR 20110039384 A 15-04-2011
W 201010460 A 01-03-2010
US 2010093350 Al 15-04-2010
WO 2010017012 Al 11-02-2010

Form PCT/ISA/210 (patent family annex) (April 2005)




International application No.
INTERNATIONAL SEARCH REPORT PCT/SE2011/051271
BoxNo.ll  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. |:| Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

1. As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

m No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




International Application No. PCT/ SE2011/ 051271

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-5, 15, 16, 19, 20

Mobility robustness optimization method

2. claims: 1, 6-8, 15, 19, 20
Mobility Toad balancing method

3. claims: 1, 9-15, 17-20

Method for setting a user terminal operation mode




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - wo-search-report
	Page 43 - wo-search-report
	Page 44 - wo-search-report
	Page 45 - wo-search-report
	Page 46 - wo-search-report
	Page 47 - wo-search-report

