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DESCRIPTION

=

itle

Detection and inhibition of multiple consecutive inter-RAT ping-pong handovers

T
D
a

The present invention relates to detection and inhibition of multiple consecutive inter-RAT
ping-pong handovers. More specifically, the present invention exemplarily relates to
measures (including methods, apparatuses and computer program products) for realizing

detection and inhibition of multiple consecutive inter-RAT ping-pong handovers.

Background

The present specification generally relates to mobile radio communications with focus on
parallel operation of multiple radio access technologies (RAT), in particular Long Term
Evolution (LTE) networks in combination with 3" Generation (3G) Universal Mobile Tele-
communications System (UMTS) High Speed Packet Access (HSPA) and/or with 2™
Generation (2G) Global System for Mobile Communications (GSM)/General Packet Radio
Service (GPRS) networks. In particular, the present specification is targeting on self opti-
mizing networks (SON) with focus on the use case "mobility robustness optimization"
(MRO) between different RATs. Inter-RAT MRO is discussed in 3" Generation Partner-
ship Project (3GPP) as part of the LTE Release 11 SON framework.

Inter-RAT mobility describes the cell change of a terminal (e.g. user equipment (UE))
where the source and the target cell belong to different RATs. This cell change can be ei-

ther caused by UE movement where the UE is leaving the coverage range of a certain
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RAT or by so-called traffic steering (TS) reasons which might even happen without real

user movement.

In the first case the cell change is triggered by the radio condition of the serving and po-
tential target cell. Signal of serving RAT becomes weak and falls below a certain thresh-

old, while signal from measured target cell (of a target RAT) is above a certain threshold.

In the second case, for instance the load situation is decisive rather than the signal quality,

which thus plays a secondary role in the second case.

3GPP Release 11 is considering the inter-RAT deployment scenario with limited LTE cov-

erage and, therefore, is focusing on following two inter-RAT mobility failure cases:

- Too late inter-RAT handover from LTE to 3G, and
- Too early inter-RAT handover from 3G to LTE.

It is to be noted that there is a further inter-RAT mobility problem without a radio link fail-
ure (RLF), namely the inter-RAT ping-pong handovers where the UE is frequently per-
forming handover forth and back between different RATs. The present specification fo-

cuses on the latter inter-RAT mobility problem.

In 3GPP, it is also distinguished between necessary and an unnecessary inter-RAT ping-

pong handovers.

If a UE is frequently moving between two locations where the one or the other RAT has a
coverage hole, inter-RAT ping-pong handovers are considered as being necessary and

not as problem.
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However, ping-pong handovers might also result from misaligned inter-RAT mobility pa-
rameter setting of the two RATs, most likely if radio driven and traffic steering driven
handover are triggered in the different RATs. Those inter-RAT ping pongs are considered

as being unnecessary.

Reasons for traffic steering driven handover are for instance load balancing among differ-
ent RATs, energy saving with evacuating one RAT that is intended to be switched off, or

RAT preferences for dedicated services.

The detection of inter-RAT ping-pong handovers is based on investigating the UE history
information provided with the HANDOVER REQUEST message during handover prepara-
tion. The UE history information (information element (IE)) contains a list of the last visited
cells with information about the cells themselves (e.g. E-UTRAN cell global identifier

(ECGI)) and the time how long the UE stayed in these cells.

Two succeeding handovers are identified as inter-RAT ping pong if the UE history infor-
mation shows that the last visited cell of the UE was of a different RAT with a rather short
stay time (Tsay < Tires_shortstay) While the cell visited before the last visited one and the cur-

rent cell belong to the same RAT, where

Tstay otherraT 18 derived from the IE "time UE stayed in cell* as specified in last visit-

ed cell information for the cells, and

Tinres_shortstay cOUld be an internal MRO parameter to detect short stays and ping

pongs.

The inter-RAT ping pong refers to the RAT layer and is independent of the cell itself. A
corresponding MRO counter is incremented if the UE which has been handed over to a
different RAT comes back to the previous RAT irrespective if it returns to the same cell

which initiated the handover or to a different one.
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That is, if for example a LTE cell A is initiating an inter-RAT handover to an UMTS cell X,

the following two cases are considered as being inter-RAT ping pong:

- Cel_A@QLTE to Cel_ X@UMTS (to more cells @UMTS) to Cel A@LTE, and
- Cel_A@LTE to Cel_ X@UMTS (to more cells @UMTS) to Cell B@LTE.

Accordingly, in the context of inter-RAT the stay time Tsiy omerrar iS referring to RAT and
not to a particular cell. Depending on the duration of Ty omerrat, the UE could be con-
nected to several cells before coming back to the previous RAT. However, ping pong in
general means a short stay (i.e. normally in one cell) of the new RAT and subsequent

handover back to the initiating RAT.

Irrespective of to which cell the UE returns within LTE, the "guilty" cell which initiated the
"short stay" in another RAT is Cell_A and, therefore, responsible for the inter-RAT ping
pong. Therefore, in the second case above, an evolved NodeB (eNB) controlling Cell_B
when detecting the ping-pong events between Cell_A, Cell_X and Cell_B, will inform the
eNB controlling Cell_A using an X2 HANDOVER REPORT message.

Based on the assumptions, if there are any counters implemented to monitor the ping-

pongs, those should be collected at the guilty node.

Corresponding to the above mentioned two cases, if for example a UMTS cell X is initiat-
ing an inter-RAT handover to an LTE cell A, the following two cases are considered as

being inter-RAT ping-pong handover:

- Cel_X@UMTS to Cell_A@LTE (to more cells @LTE) to Cel_X@UMTS, and
- Cel_X@UMTS to Cell_A@LTE (to more cells @LTE) to Cel_Y@UMTS.

In this case the following difference is to be noted. Namely, the difference on 3G side is
that both cells Cell_X and Cell_Y are most likely controlled by the same radio network

controller (RNC) and, therefore, no additional signaling is needed. The RNC is responsible
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for administration of the counters, but those are not specified within 3GPP so far but im-

plementation specific.

Multiple ping pongs and multiple inter-RAT ping pongs are already occurring in existing
2G and 3G networks, but they are not specifically treated or counted in terms performance
indicators. Only a considerable increase of the total number of handovers between some
cells is remarkable. Accordingly, it is then up to network optimization experts to conclude
from such increased number of handovers that "multiple consecutive ping pongs" might

have been occurred.

Further, in GSM there are provided features like "Limitation of Intra-cell Handover Repeti-
tion" where in an interfered cell consecutive intra-cell handovers are to be avoided, since
they cannot improve the quality, or "Prevention of Back-Handover" where handovers back
to a cell which has been just left before are to be avoided by labeling the handover with
"imperative" or "forced handovers", such that UEs are not allowed to be handed over back

within a defined time frame.

However, the above mentioned features are proactive measures to avoid this sort of un-
wanted handovers without knowing that a ping pong will occur at all. Further, those
measures do not provide any means for (automated) correction or optimization of mobility

parameters.

Even though self-optimization of mobility parameters by MRO is going to be established
with LTE, a particular treatment of "multiple ping-pong handovers" (i.e. multiple consecu-
tive inter-RAT handovers forth and back) to overcome the issues mentioned above is not

considered.

By means of prior art, each single "forth and back handover" would be counted, which

may indicate that there is a massive ping pong problem. However, problems implied
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above and mentioned below (e.g. affecting control plane processing capacity) are not

solved.

According to current specifications in 3GPP Rel. 11 SON framework a handling of inter-
RAT ping-pong handovers consists of two steps, where in the first step a ping pong is de-
tected and counted. In a second step, the ping pongs are further classified into necessary
and unnecessary ones, wherein the unnecessary ones are then counted and reported as
inter-RAT ping pongs. That is, these potentially "never ending" forth and back inter-RAT

handovers are not considered to be specifically treated.

According to the Published European Patent Application EP 2 465 294 A1, it is suggested
to deal with the inter-RAT ping pong problem by an exchange of messages between the
nodes to manipulate the setting of the mobility parameters of the counterpart node. How-
ever, this document does not deal with the special case of multiple long lasting consecu-

tive inter-RAT ping pongs (ping-pong handovers, handover bounces).

Hence, the problem of multiple consecutive (eventually never ending) inter-RAT ping
pongs arises, where the UE is handed over back and forth with a very short connection
time. A ping pong as such can be derived from UE history information and therefore the
detection process is per se an eNB-internal procedure (or RNC-internal procedure, re-
spectively), and thus implementation specific. The same holds for the detection of multiple
ping pongs with many consecutively occurring back and forth handovers between two
RATSs.

According to the current definition in 3GPP, one single “forth and back handover” is de-
tected as a ping pong and counted as such. In case of multiple consecutive “forth and
back handovers” each of them fulfils the criterion for a ping pong and increments the ping
pong counter. This leads to the problem that the ping pong counter will dramatically in-

crease and might even risk an overflow of the counter.
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A further problem is caused by fact that multiple consecutive ping-pong handovers might
be a long lasting procedure and not a single event like a RLF. This long lasting procedure
requires and takes worthwhile control plane processing capacity for preparation and exe-
cution of all of the ping pong handovers, and implicitly affects the complete cell within both
RATSs or even the complete nodes controlling these cells. Furthermore, the UE throughput
is declining and might even confuse the higher layers (e.g. transmission control protocol
(TCP) congestion control). A proper user plane connection can not be established, since
the UE is continuously forced for inter-RAT measurements, handover preparations, new

synchronization procedures, etc.

Accordingly, long lasting multiple consecutive ping pongs impair both network perfor-

mance and user satisfaction.

A further problem arises for the (possibly) rare case that the UE returns from 3G alternat-
ing to different LTE cells (Cel_A@LTE to UMTS to Cel_ B@LTE to UMTS to Cel_ A@LTE
and so on). Namely, in this case, X2 HANDOVER REPORT will be also sent forth and
back between two LTE cells, such that each of the two cells increments the ping pong

counter.

Hence, there is a need to provide for detection and inhibition of multiple consecutive inter-

RAT ping-pong handovers.

Summary

Various exemplary embodiments of the present invention aim at addressing at least part

of the above issues and/or problems and drawbacks.

Various aspects of exemplary embodiments of the present invention are set out in the ap-

pended claims.
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According to an exemplary aspect of the present invention, there is provided a method
comprising detecting multiple consecutive ping-pong handovers of a communication end-
point between two radio access technologies, wherein a ping-pong handover comprises a
handover from one of said two radio access technologies to the other of said two radio
access technologies and a handover from the other of said two radio access technologies
to the one of said two radio access technologies, and causing immediate inhibition of cer-

tain handovers of said communication endpoint.

According to an exemplary aspect of the present invention, there is provided an apparatus
comprising detecting means configured to detect multiple consecutive ping-pong hando-
vers of a communication endpoint between two radio access technologies, wherein a
ping-pong handover comprises a handover from one of said two radio access technolo-
gies to the other of said two radio access technologies and a handover from the other of
said two radio access technologies to the one of said two radio access technologies, and
causing means configured to cause immediate inhibition of certain handovers of said

communication endpoint.

According to an exemplary aspect of the present invention, there is provided an apparatus
comprising a detecting module configured to detect multiple consecutive ping-pong hand-
overs of a communication endpoint between two radio access technologies, wherein a
ping-pong handover comprises a handover from one of said two radio access technolo-
gies to the other of said two radio access technologies and a handover from the other of
said two radio access technologies to the one of said two radio access technologies, and
a causing module configured to cause immediate inhibition of certain handovers of said

communication endpoint.

According to an exemplary aspect of the present invention, there is provided an apparatus
comprising means for detecting multiple consecutive ping-pong handovers of a communi-
cation endpoint between two radio access technologies, wherein a ping-pong handover
comprises a handover from one of said two radio access technologies to the other of said

two radio access technologies and a handover from the other of said two radio access
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technologies to the one of said two radio access technologies, and means for causing

immediate inhibition of certain handovers of said communication endpoint.

According to an exemplary aspect of the present invention, there is provided a computer
program product comprising computer-executable computer program code which, when
the program is run on a computer (e.g. a computer of an apparatus according to any one
of the aforementioned apparatus-related exemplary aspects of the present invention), is
configured to cause the computer to carry out the method according to any one of the

aforementioned method-related exemplary aspects of the present invention.

Such computer program product may comprise (or be embodied) a (tangible) computer-
readable (storage) medium or the like on which the computer-executable computer pro-
gram code is stored, and/or the program may be directly loadable into an internal memory

of the computer or a processor thereof.

Any one of the above aspects enables an efficient handling of multiple consecutive inter-
RAT ping-pong handovers to thereby solve at least part of the problems and drawbacks

identified in relation to the prior art.

By way of exemplary embodiments of the present invention, there is provided detection
and inhibition of multiple consecutive inter-RAT ping-pong handovers. More specifically,
by way of exemplary embodiments of the present invention, there are provided measures
and mechanisms for realizing detection and inhibition of multiple consecutive inter-RAT

ping-pong handovers.

Thus, improvement is achieved by methods, apparatuses and computer program products
enabling/realizing detection and inhibition of multiple consecutive inter-RAT ping-pong

handovers.
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Brief description of the drawings

In the following, the present invention will be described in greater detail by way of non-

limiting examples with reference to the accompanying drawings, in which

Figure 1 is a block diagram illustrating an apparatus according to exemplary embodiments

of the present invention,

Figure 2 is a schematic diagram of a procedure according to exemplary embodiments of

the present invention, and

Figure 3 is a block diagram alternatively illustrating an apparatus according to exemplary

embodiments of the present invention.

Detailed description of drawings and embodiments of the present invention

The present invention is described herein with reference to particular non-limiting exam-
ples and to what are presently considered to be conceivable embodiments of the present
invention. A person skilled in the art will appreciate that the invention is by no means lim-

ited to these examples, and may be more broadly applied.

It is to be noted that the following description of the present invention and its embodiments
mainly refers to specifications being used as non-limiting examples for certain exemplary
network configurations and deployments. Namely, the present invention and its embodi-
ments are mainly described in relation to 3GPP specifications being used as non-limiting
examples for certain exemplary network configurations and deployments. In particular,
handovers of a communication endpoint between two RATSs is used as a non-limiting ex-

ample for the applicability of those described exemplary embodiments. As such, the de-
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scription of exemplary embodiments given herein specifically refers to terminology which
is directly related thereto. Such terminology is only used in the context of the presented
non-limiting examples, and does naturally not limit the invention in any way. Rather, any
other communication or communication related system deployment, etc. may also be uti-

lized as long as compliant with the features described herein.

Hereinafter, various embodiments and implementations of the present invention and its
aspects or embodiments are described using several variants and/or alternatives. It is
generally noted that, according to certain needs and constraints, all of the described vari-
ants and/or alternatives may be provided alone or in any conceivable combination (also

including combinations of individual features of the various variants and/or alternatives).

According to exemplary embodiments of the present invention, in general terms, there are
provided measures and mechanisms for (enabling/realizing) detection and inhibition of

multiple consecutive inter-RAT ping-pong handovers.

Figure 1 is a block diagram illustrating an apparatus according to exemplary embodiments
of the present invention. The apparatus may be an access node such as an eNB. Figure 2
is a schematic diagram of a procedure according to exemplary embodiments of the pre-
sent invention. The apparatus according to Figure 1 may perform the method of Figure 2
but is not limited to this method. The method of Figure 2 may be performed by the appa-

ratus of Figure 1 but is not limited to being performed by this apparatus.

As multiple consecutive ping-pong handovers are lasting events without a defined end,
according to exemplary embodiments of the present invention those multiple consecutive
ping-pong handovers are to be inhibited. That is, according to exemplary embodiments of
the present invention, MRO is able to stop the multiple ping pongs immediately when de-

tected and identified as such.
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As shown in Figure 1, according to exemplary embodiments of the present invention, the
apparatus is a network node 10 comprising a detecting means 11 and a causing means
12. The detecting means 11 detects multiple consecutive ping-pong handovers of a com-
munication endpoint between two radio access technologies, wherein a ping-pong hando-
ver comprises a handover from one of said two radio access technologies to the other of
said two radio access technologies and a handover from the other of said two radio ac-
cess technologies to the one of said two radio access technologies. The causing means

causes immediate inhibition of certain handovers of said communication endpoint.

Hereby, an important requirement for the stopping process is to stop the ping pong activity

and not to break the connection.

It is to be noted that the realization of the stopping procedure depends on MRO implemen-
tation aspects, namely whether MRO is implemented only on LTE side (what is currently
assumed in 3GPP) or if both RATs have MRO capabilities. Exemplary embodiments of the
present invention focus on implementation of MRO (root cause analysis) on LTE only fol-
lowing the 3GPP solution. Such root cause analysis investigates the handover direction
(to or from the own radio access technology) as well as the type of the handover trigger
causing the respective handover. Accordingly, each combination of handover direction

and handover trigger type forms a certain root cause.

According to exemplary embodiments of the present invention, the apparatus further com-
prises determining means and controlling means. The determining means determines a
specific root cause for said multiple consecutive ping-pong handovers based on a hando-
ver trigger type of said handovers of said multiple consecutive ping-pong handovers. The

controlling means controls said inhibition based on said specific root case.

According to further embodiments of the present invention, the apparatus further compris-
es dividing means. The dividing means divides the handovers of said multiple consecutive
ping-pong handovers into handovers from an own radio access technology to a not own

radio access technology and handovers from said not own radio access technology to
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said own radio access technology. With respect to the determining means, it is said that
the specific root cause is determined based on said handover trigger type of said hando-
vers from said own radio access technology and said handover trigger type of said hando-

vers to said own radio access technology.

In this regard it is noted that the own radio access technology is the radio access technol-
ogy which is served by the apparatus. That is, if for example the apparatus is an eNB
serving in a LTE network deployment having implemented the root cause analysing part of

MRO, the own radio access technology is LTE.

Correspondingly, the not own radio access technology is the radio access technology oth-
er than the own radio access technology involved in the multiple ping-pong handover pro-
cess. That is, in the above given example the not own radio access technology is a RAT
other than LTE. This might, as also mentioned above, be for example a 3G technology like
e.g. UMTS/HSPA or a 2G technology like e.g. GSM/GPRS.

Besides the immediate inhibition of the multiple ping-pong handovers, a separate counter
for these "oscillating" ping pongs is to be introduced in order to allow a dedicated treat-
ment in terms of correction, for instance within a different time interval. Preferably, such
counter is set (and incremented, respectively) for instance immediately after detection and

inhibition.

The realization of the stopping process is different for several cases, where exemplarily
the following four cases are discussed in detail. Each of those different cases is character-

ized by a specific root cause as mentioned above.

Exemplary case 1 is the case if a ping pong stream occurs where the handovers from LTE

to the other-RAT are traffic steering (TS) triggered.
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According to exemplary embodiments of the present invention, if only said handovers from
said own radio access technology are of traffic steering handover trigger type, in relation
to said controlling, the apparatus further comprises an identifying means, a requesting
means and an incrementing means. The identifying means identifies, as said specific root
cause of said detected multiple consecutive ping-pong handovers, occurring traffic steer-
ing handover trigger from said own radio access technology. The requesting means re-
quests prohibition of said handovers from said own radio access technology to said not
own radio access technology. The incrementing means increments a counter indicative of

the specific root cause. The counter allows an adjustment of settings.

In other words, since a TS-based handover is based on operator policy and is not neces-

sarily needed to keep the connection alive the TS-triggered handover should be inhibited.

In this case, the inhibition can be carried out on LTE side. MRO detects and informs TS
unit about the multiple ping pong problem and requires that TS-trigger handovers towards

the corresponding cel/RAT known from analysis are prohibited.

In addition, a separate counter "multiple inter-RAT ping pong caused by TS" is increment-

ed. The counter is administered in the cell which has initiated the TS-triggered HO.

It is noted that standardization impact results for the rare case that the UE is returning
from 3G to different LTE cells in alternating manner. For this rare case, the X2 HANDO-
VER REPORT should be sent only after several identical events are recorded. The mes-
sage is to be enhanced with an information element informing how many events are re-

ported. Otherwise the respective counter may not be reliable.

That is, according to further exemplary embodiments of the present invention, if said de-
tected multiple consecutive ping-pong handovers oscillate between a first cell and a se-
cond cell of said own radio access technology, the apparatus further comprises counting

means configured to count said multiple consecutive ping-pong handovers related to one
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cell of said first and said second cell of said own radio access technology, and sending
means configured to send a message comprising at least the count of said multiple con-
secutive ping-pong handovers related to said one cell of said first and said second cell of

said own radio access technology.

According to exemplary embodiments of the present invention, the apparatus further com-

prises transmission means. The transmitting means transmits said counter.

That is, the correction is under responsibility of the TS entity and depends on the MRO
counter. The correction procedure can be realized in a centralized manner (i.e. counter
has to be reported to central unit e.g. OAM) or in a decentralized way where the TS entity

of counting eNB is doing the re-adjustment directly.

In case of centralized approach the new counter preferably has to be reported via inter-
face N (Itf-N) and, therefore, it has to be specified in 3GPP TS 32.762. In case of distrib-
uted approach, this procedure can be carried out eNB internally and would be purely im-

plementation specific.

It is to be noted that an immediate reaction means that correction is carried out when

counter is incremented once.

Exemplary case 2 is the case if a ping pong stream occurs where the handovers from oth-
er-RAT to LTE have been TS triggered while on LTE side necessary radio based hando-

vers are triggered.

In such case the radio-based handover from LTE cannot be prohibited because RLF

would be risked.
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According to exemplary embodiments of the present invention, two options to stop the

ping pong flow are proposed.

As one option, it is tried to change the target RAT and/or target cell. That is, a redirection
of the UE is strived.

As an alternative option, incoming TS-triggered handovers from the corresponding other-
RAT are rejected with HANDOVER PREPARATION FAILURE including a new cause
"multiple inter-RAT ping pong". Such new cause is then to be added in TS 36.413 (section
9.2.1.3).

According to exemplary embodiments of the present invention, if only said handovers from
said not own radio access technology are of traffic steering handover trigger type, in rela-
tion to said controlling, the apparatus further comprises identifying means, forcing means,
at least one of changing means and rejecting means, and in any case incrementing
means. The identifying means identifies, as said specific root cause of said detected mul-
tiple consecutive ping-pong handovers, occurring traffic steering handover trigger from
said not own radio access technology. The forcing means forces prohibition of said hand-
overs from said not own radio access technology by use of the changing means or the
rejecting means. The changing means changes a target radio access technology of said
handovers from said own radio access technology. Alternatively, the changing means
changes a target cell of said handovers from said own radio access technology, wherein
said target cell uses said not own radio access technology. Alternatively, the rejecting
means rejects incoming handovers to said own radio access technology from said not own
radio access technology, if said incoming handovers are of traffic steering handover trig-
ger type. The incrementing means increments a counter indicative of the specific root

cause. The counter allows an adjustment of settings.

That is, in order provide also correction measures both stopping options should be fol-
lowed by an incrementing of a new corresponding counter. If a problem like "multiple inter-

RAT ping pong caused by TS from other-RAT" is detected in the LTE cell, the administra-
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tion of the corresponding counter should be in controlling node of the cell triggering a TS-
based handover (which is the guilty one), and therefore also an inter-RAT message ex-
change based on radio access network (RAN) information management (RIM) application
(corresponding to current "too early inter-RAT handover” problem), i.e. a new variable for

the |E "type of detected handover problem" of the transferred information is to be added.

The correction can be steered again by a centralized unit, i.e. the controlling node admin-
istering the new counter is reporting this counter to OAM via Itf-N and, therefore, it might
be specified in 3GPP TS 32.762.

That is, according to still further embodiments of the present invention, the apparatus

comprises transmitting means. The transmitting means transmits said counter.

Alternatively, the correction is done in a distributed manner by the controlling itself.

Exemplary case 3 is the case if a ping pong stream occurs where the handovers in both

directions are radio based handovers.

Even though for this case the thresholds on one RAT might be much too optimistic or too
conservative, respectively, i.e. totally misconfigured, mobility management entity is not
aware thereof and a radio based handover cannot be ignored. From stopping perspective,

this is a kind of deadlock situation, since it might cause a call drop.

According to exemplary embodiments of the present invention, if said handovers from said
own radio access technology and said handovers from said not own radio access technol-
ogy are of radio based handover trigger type, in relation to said controlling, the apparatus
further comprises identifying means, forcing means, changing means and incrementing
means. The identifying means identifies, as said specific root cause of said detected mul-

tiple consecutive ping-pong handovers, occurring radio based handover trigger from said
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own radio access technology and said not own radio access technology. The forcing
means forces prohibition of said handovers from said own radio access technology by us-
ing the changing means. The changing means changes a target radio access technology
of said handovers from said own radio access technology. Alternatively, the changing
means changes a target cell of said handovers from said own radio access technology,
wherein said target cell uses said not own radio access technology. Further, the incre-
menting means increments a counter indicative of the specific root cause. The counter

allows an adjustment of settings.

That is, the multiple ping pong problem is detected and can be counted in a new counter,
but cannot be inhibited without risk of connection loss if redirection is not possible. After
detection, a redirection of the UE to a different target RAT and/or target cell is tried. The
corresponding counter is considered in the inter-RAT MRO process and correction of the

mis-configured parameters is done by MRO based on this counter.

Exemplary case 4 is the case if a ping pong stream occurs where the handovers in both

directions are TS-triggered handovers.

Such scenario reveals clear misalignment of traffic steering parameters between the two
RATSs. To stop the ping pong flow the same approach as used in case 1 is applied. A new

different counter "inter-RAT ping pong caused by TS from both RATs" is incremented.

In other words, according to exemplary embodiments of the present invention, if said
handovers from said own radio access technology and said handovers from said not own
radio access technology are of traffic steering handover trigger type, in relation to said
controlling, the apparatus further comprises identifying means, requesting means and in-
crementing means. The identifying means identifies, as said specific root cause of said
detected multiple consecutive ping-pong handovers, occurring traffic steering handover
trigger from said own radio access technology and said not own radio technology. The
requesting means requests prohibition of said handovers from said own radio access

technology to said not own radio access technology. The incrementing means increments
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a counter indicative of the specific root cause. The counter allows an adjustment of set-

tings.

In case of a centralized approach the new counter has to be reported via Itf-N and, there-
fore, it has to be specified in 3GPP TS 32.762.

That is, according to exemplary embodiments of the present invention, the apparatus fur-

ther comprises transmitting means. The transmitting means transmits said counter.

Alternatively, in case of distributed approach, this procedure can be carried out in eNB

internally and would be implementation specific.

Similarly as in case 1, the X2 HANDOVER REPORT may additionally be enhanced with
an information element informing how many events are reported so, since otherwise the

counter may not be reliable.

That is, according to further exemplary embodiments of the present invention, if said de-
tected multiple consecutive ping-pong handovers oscillate between a first cell and a se-
cond cell of said own radio access technology, the apparatus further comprises counting
means configured to count said multiple consecutive ping-pong handovers related to one
cell of said first and said second cell of said own radio access technology, and sending
means configured to send a message comprising at least the count of said multiple con-
secutive ping-pong handovers related to said one cell of said first and said second cell of

said own radio access technology.

Thus, according to exemplary embodiments of the present invention, each specific root
cause a dedicated counter may be associated, which is only incremented, if the respective

root cause is detected.
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According to still further exemplary embodiments of the present invention, the apparatus
further comprises receiving means, obtaining means and deciding means. The receiving
means receives handover history information for said communication endpoint. The ob-
taining means obtains a count of handovers of said communication endpoint between said
two radio access technologies from said handover history information. The deciding
means decides that multiple consecutive ping-pong handovers exist, if said count is equal

to or larger than a predetermined threshold.

In other words, as the long lasting forth and back handovers are more or less only occur-
ring for UEs which are completely or nearly stationary, the coverage analysis (for deciding
whether the respective ping pong of handover is a necessary one or a unnecessary one)

according to prior art, where coverage verification is performed, is not relevant.

However, the MRO unit on LTE investigates UE history information and detects Ng,, con-
secutive inter-RAT handovers indicating an oscillating inter-RAT ping pong and starts the
stopping procedure. The procedure begins with the analysis of the handover cause values
of the Ny, last visited cells recorded in the UE history information, where Ny, is the number
of subsequent forth and back handovers with subsequent short stays that identifies a mul-

tiple consecutive ping pong (i.e. a threshold). Ny, is a configurable parameter.

Figure 2 is a schematic diagram of a procedure according to exemplary embodiments of

the present invention.

As shown in Figure 2, a procedure according to exemplary embodiments of the present
invention in its most basic form comprises an operation of detecting multiple consecutive
ping-pong handovers of a communication endpoint between two radio access technolo-
gies, wherein a ping-pong handover comprises a handover from one of said two radio ac-
cess technologies to the other of said two radio access technologies and a handover from
the other of said two radio access technologies to the one of said two radio access tech-
nologies, and an operation of causing immediate inhibition of certain handovers of said

communication endpoint.
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The above-described procedures and functions may be implemented by respective func-

tional elements, processors, or the like, as described below.

In the foregoing exemplary description of the network entity, only the units that are rele-
vant for understanding the principles of the invention have been described using functional
blocks. The network entity may comprise further units that are necessary for its respective
operation. However, a description of these units is omitted in this specification. The ar-
rangement of the functional blocks of the devices is not construed to limit the invention,

and the functions may be performed by one block or further split into sub-blocks.

When in the foregoing description it is stated that the apparatus, i.e. network node (or
some other means) is configured to perform some function, this is to be construed to be
equivalent to a description stating that a (i.e. at least one) processor or corresponding cir-
cuitry, potentially in cooperation with computer program code stored in the memory of the
respective apparatus, is configured to cause the apparatus to perform at least the thus
mentioned function. Also, such function is to be construed to be equivalently implementa-
ble by specifically configured circuitry or means for performing the respective function (i.e.
the expression “unit configured to" is construed to be equivalent to an expression such as

“‘means for”).

In Figure 3, an alternative illustration of an apparatus according to exemplary embodi-
ments of the present invention is depicted. As indicated in Figure 3, according to exempla-
ry embodiments of the present invention, the apparatus (network node) 10’ (corresponding
to the network node 10) may be an eNB and comprises a processor 31, a memory 32 and
an interface 33, which are connected by a bus 34 or the like. The apparatus 10" may be
connected with other apparatuses like a network entity 40 via link 69, respectively.

The processor 31 and/or the interface 33 may also include a modem or the like to facilitate
communication over a (hardwire or wireless) link, respectively. The interface 33 may in-
clude a suitable transceiver coupled to one or more antennas or communication means for

(hardwire or wireless) communications with the linked or connected device(s), respective-
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ly. The interface 33 is generally configured to communicate with at least one other appa-
ratus, i.e. the interface thereof.

The memory 32 may store respective programs assumed to include program instructions
or computer program code that, when executed by the respective processor, enables the
respective electronic device or apparatus to operate in accordance with the exemplary

embodiments of the present invention.

In general terms, the respective devices/apparatuses (and/or parts thereof) may represent
means for performing respective operations and/or exhibiting respective functionalities,
and/or the respective devices (and/or parts thereof) may have functions for performing
respective operations and/or exhibiting respective functionalities.

When in the subsequent description it is stated that the processor (or some other means)
is configured to perform some function, this is to be construed to be equivalent to a de-
scription stating that at least one processor, potentially in cooperation with computer pro-
gram code stored in the memory of the respective apparatus, is configured to cause the
apparatus to perform at least the thus mentioned function. Also, such function is to be
construed to be equivalently implementable by specifically configured means for perform-
ing the respective function (i.e. the expression “processor configured to [cause the appa-
ratus to] perform xxx-ing” is construed to be equivalent to an expression such as “means

for xxx-ing”).

According to exemplary embodiments of the present invention, an apparatus representing
the network node 10 comprises at least one processor 31, at least one memory 32 includ-
ing computer program code, and at least one interface 33 configured for communication
with at least another apparatus. The processor (i.e. the at least one processor 31, with the
at least one memory 32 and the computer program code) is configured to perform detect-
ing multiple consecutive ping-pong handovers of a communication endpoint between two
radio access technologies, wherein a ping-pong handover comprises a handover from one
of said two radio access technologies to the other of said two radio access technologies

and a handover from the other of said two radio access technologies to the one of said
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two radio access technologies (thus the apparatus comprising corresponding means for
detecting), and to perform causing immediate inhibition of certain handovers of said com-

munication endpoint (thus the apparatus comprising corresponding means for causing).

For further details regarding the operability/functionality of the individual apparatuses, ref-
erence is made to the above description in connection with any one of Figures 1 or 2, re-

spectively.

For the purpose of the present invention as described herein above, it should be noted
that

- method steps likely to be implemented as software code portions and being run using a
processor at a network server or network entity (as examples of devices, apparatuses
and/or modules thereof, or as examples of entities including apparatuses and/or modules
therefore), are software code independent and can be specified using any known or future
developed programming language as long as the functionality defined by the method

steps is preserved;

- generally, any method step is suitable to be implemented as software or by hardware
without changing the idea of the embodiments and its modification in terms of the func-

tionality implemented;

- method steps and/or devices, units or means likely to be implemented as hardware
components at the above-defined apparatuses, or any module(s) thereof, (e.g., devices
carrying out the functions of the apparatuses according to the embodiments as described
above) are hardware independent and can be implemented using any known or future de-
veloped hardware technology or any hybrids of these, such as MOS (Metal Oxide Semi-
conductor), CMOS (Complementary MOS), BiMOS (Bipolar MOS), BiCMOS (Bipolar
CMOS), ECL (Emitter Coupled Logic), TTL (Transistor-Transistor Logic), etc., using for
example ASIC (Application Specific IC (Integrated Circuit)) components, FPGA (Field-
programmable Gate Arrays) components, CPLD (Complex Programmable Logic Device)

components or DSP (Digital Signal Processor) components;

- devices, units or means (e.g. the above-defined network entity or network register, or

any one of their respective units/means) can be implemented as individual devices, units
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or means, but this does not exclude that they are implemented in a distributed fashion
throughout the system, as long as the functionality of the device, unit or means is pre-

served;

- an apparatus like the user equipment and the network entity /network register may be
represented by a semiconductor chip, a chipset, or a (hardware) module comprising such
chip or chipset; this, however, does not exclude the possibility that a functionality of an
apparatus or module, instead of being hardware implemented, be implemented as soft-
ware in a (software) module such as a computer program or a computer program product

comprising executable software code portions for execution/being run on a processor;

- a device may be regarded as an apparatus or as an assembly of more than one appa-
ratus, whether functionally in cooperation with each other or functionally independently of

each other but in a same device housing, for example.

In general, it is to be noted that respective functional blocks or elements according to
above-described aspects can be implemented by any known means, either in hardware
and/or software, respectively, if it is only adapted to perform the described functions of the
respective parts. The mentioned method steps can be realized in individual functional
blocks or by individual devices, or one or more of the method steps can be realized in a

single functional block or by a single device.

Generally, any method step is suitable to be implemented as software or by hardware
without changing the idea of the present invention. Devices and means can be imple-
mented as individual devices, but this does not exclude that they are implemented in a
distributed fashion throughout the system, as long as the functionality of the device is pre-

served. Such and similar principles are to be considered as known to a skilled person.

Software in the sense of the present description comprises software code as such com-
prising code means or portions or a computer program or a computer program product for
performing the respective functions, as well as software (or a computer program or a

computer program product) embodied on a tangible medium such as a computer-readable
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(storage) medium having stored thereon a respective data structure or code

means/portions or embodied in a signal or in a chip, potentially during processing thereof.

The present invention also covers any conceivable combination of method steps and op-
erations described above, and any conceivable combination of nodes, apparatuses, mod-
ules or elements described above, as long as the above-described concepts of methodol-

ogy and structural arrangement are applicable.

In view of the above, there are provided measures for detection and inhibition of multiple
consecutive inter-RAT ping-pong handovers. Such measures exemplarily comprise de-
tecting multiple consecutive ping-pong handovers of a communication endpoint between
two radio access technologies, wherein a ping-pong handover comprises a handover from
one of said two radio access technologies to the other of said two radio access technolo-
gies and a handover from the other of said two radio access technologies to the one of
said two radio access technologies, and causing immediate inhibition of certain handovers

of said communication endpoint.

Even though the invention is described above with reference to the examples according to
the accompanying drawings, it is to be understood that the invention is not restricted
thereto. Rather, it is apparent to those skilled in the art that the present invention can be
modified in many ways without departing from the scope of the inventive idea as disclosed

herein.
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Claims

1. A method comprising

detecting multiple consecutive ping-pong handovers of a communication endpoint
between two radio access technologies, wherein a ping-pong handover comprises a
handover from one of said two radio access technologies to the other of said two radio
access technologies and a handover from the other of said two radio access technologies

to the one of said two radio access technologies, and

causing immediate inhibition of certain handovers of said communication endpoint.

2. The method according to claim 1, wherein
in relation to said causing, the method further comprises

determining a specific root cause for said multiple consecutive ping-pong hando-
vers based on a handover trigger type of said handovers of said multiple consecutive

ping-pong handovers, and

controlling said inhibition based on said specific root cause.

3. The method according to claim 2, wherein
in relation to said determining, the method further comprises

dividing said handovers of said multiple consecutive ping-pong handovers into
handovers from an own radio access technology to a not own radio access technology
and handovers from said not own radio access technology to said own radio access tech-

nology, wherein

said specific root cause is determined based on said handover trigger type of said
handovers from said own radio access technology and said handover trigger type of said

handovers to said own radio access technology.
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4. The method according to claim 3, wherein

if only said handovers from said own radio access technology are of traffic steering

handover trigger type, in relation to said controlling, the method further comprises

identifying, as said specific root cause of said detected multiple consecutive ping-
pong handovers, occurring traffic steering handover trigger from said own radio access

technology,

requesting prohibition of said handovers from said own radio access technology to

said not own radio access technology, and

incrementing a counter indicative of said specific root cause, wherein said counter

allows an adjustment of settings.

5. The method according to claim 4, further comprising

transmitting said counter.

6. The method according to claim 4 or 5, wherein

if said detected multiple consecutive ping-pong handovers oscillate between a first

cell and a second cell of said own radio access technology, the method further comprises

counting said multiple consecutive ping-pong hand