ETSITS 132 453 v19.0.0 (2025-10)

TECHNICAL SPECIFICATION

Universal Mobile Telecommunications System (UMTS);
LTE;
Telecommunication management;
Performance Management (PM);
Performance measurements Home enhanced Node B (HeNB)
Subsystem (HeNS)

(3GPP TS 32.453 version 19.0.0 Release 19)

=~

& ADVANCED

)

A GLOBAL INITIATIVE



3GPP TS 32.453 version 19.0.0 Release 19 1 ETSI TS 132 453 V19.0.0 (2025-10)

Reference
RTS/TSGS-0532453vj00

Keywords
LTE,UMTS

ETSI

650 Route des Lucioles
F-06921 Sophia Antipolis Cedex - FRANCE

Tel.: +334 9294 42 00 Fax: +33 4 93 65 47 16

Siret N° 348 623 562 00017 - APE 7112B
Association & but non lucratif enregistrée a la
Sous-Préfecture de Grasse (06) N° w061004871

Important notice

The present document can be downloaded from the
ETSI Search & Browse Standards application.

The present document may be made available in electronic versions and/or in print. The content of any electronic and/or
print versions of the present document shall not be modified without the prior written authorization of ETSI. In case of any
existing or perceived difference in contents between such versions and/or in print, the prevailing version of an ETSI
deliverable is the one made publicly available in PDF format on ETSI deliver repository.

Users should be aware that the present document may be revised or have its status changed,
this information is available in the Milestones listing.

If you find errors in the present document, please send your comments to
the relevant service listed under Committee Support Staff.

If you find a security vulnerability in the present document, please report it through our
Coordinated Vulnerability Disclosure (CVD) program.

Notice of disclaimer & limitation of liability

The information provided in the present deliverable is directed solely to professionals who have the appropriate degree of
experience to understand and interpret its content in accordance with generally accepted engineering or
other professional standard and applicable regulations.
No recommendation as to products and services or vendors is made or should be implied.

No representation or warranty is made that this deliverable is technically accurate or sufficient or conforms to any law
and/or governmental rule and/or regulation and further, no representation or warranty is made of merchantability or fithess
for any particular purpose or against infringement of intellectual property rights.

In no event shall ETSI be held liable for loss of profits or any other incidental or consequential damages.

Any software contained in this deliverable is provided "AS IS" with no warranties, express or implied, including but not
limited to, the warranties of merchantability, fithess for a particular purpose and non-infringement of intellectual property
rights and ETSI shall not be held liable in any event for any damages whatsoever (including, without limitation, damages

for loss of profits, business interruption, loss of information, or any other pecuniary loss) arising out of or related to the use
of or inability to use the software.

Copyright Notification

No part may be reproduced or utilized in any form or by any means, electronic or mechanical, including photocopying and
microfilm except as authorized by written permission of ETSI.
The content of the PDF version shall not be modified without the written authorization of ETSI.
The copyright and the foregoing restriction extend to reproduction in all media.

© ETSI 2025.
All rights reserved.

ETSI


https://www.etsi.org/standards-search
http://www.etsi.org/deliver
https://portal.etsi.org/Services/editHelp/Standards-development/Tracking-a-draft/Status-codes
https://portal.etsi.org/People/Commitee-Support-Staff
https://www.etsi.org/standards/coordinated-vulnerability-disclosure

3GPP TS 32.453 version 19.0.0 Release 19 2 ETSI TS 132 453 V19.0.0 (2025-10)

Intellectual Property Rights

Essential patents

IPRs essential or potentially essential to normative deliverables may have been declared to ETSI. The declarations
pertaining to these essential IPRs, if any, are publicly available for ETSI members and non-member s, and can be
found in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to
ETS in respect of ETS standards’, which is available from the ETS| Secretariat. Latest updates are available on the
ETSI IPR online database.

Pursuant to the ETSI Directives including the ETSI IPR Policy, no investigation regarding the essentiality of IPRs,
including I PR searches, has been carried out by ETSI. No guarantee can be given as to the existence of other IPRs not
referenced in ETSI SR 000 314 (or the updates on the ETS| Web server) which are, or may be, or may become,
essential to the present document.

Trademarks

The present document may include trademarks and/or tradenames which are asserted and/or registered by their owners.
ETSI claims no ownership of these except for any which are indicated as being the property of ETSI, and conveys no
right to use or reproduce any trademark and/or tradename. Mention of those trademarks in the present document does
not constitute an endorsement by ETSI of products, services or organizations associated with those trademarks.

DECT™, PLUGTESTS™, UMTS™ and the ETSI logo are trademarks of ETSI registered for the benefit of its
Members. 3GPP™ LTE™ and 5G™ logo are trademarks of ETSI registered for the benefit of its Members and of the
3GPP Organizational Partners. oneM 2M ™ |ogo is atrademark of ETSI registered for the benefit of its Members and of
the oneM2M Partners. GSM® and the GSM logo are trademarks registered and owned by the GSM Association.

Legal Notice

This Technical Specification (TS) has been produced by ETSI 3rd Generation Partnership Project (3GPP).

The present document may refer to technical specifications or reports using their 3GPP identities. These shall be
interpreted as being references to the corresponding ETSI deliverables.

The cross reference between 3GPP and ETSI identities can be found at 3GPP to ETSI numbering cross-referencing.

Modal verbs terminology

In the present document "shall”, "shall not", "should", "should not", "may", "need not", "will", "will not", "can" and
"cannot" are to be interpreted as described in clause 3.2 of the ETSI Drafting Rules (Verbal forms for the expression
of provisions).

"must" and "must not" are NOT allowed in ETSI deliverables except when used in direct citation.

ETSI


https://ipr.etsi.org/
https://webapp.etsi.org/key/queryform.asp
https://portal.etsi.org/Services/editHelp!/Howtostart/ETSIDraftingRules.aspx

3GPP TS 32.453 version 19.0.0 Release 19 3 ETSI TS 132 453 V19.0.0 (2025-10)

Contents
INtellectual Property RIGNES.... ..ot b e e e en e ns 2
LB INOLICE ...ttt b bt et h b e s e bt e E R e e e s et Rt e bt Rt e e e e e e e e eb e b e e ns 2
AV TeTo = Y= g oY (= 01T 070] oo SRS 2
1= 11V o PSSP 5
100 [ Tox A o] o SRS 5
1 o0 PRSPPI 7
2 REFEIBINCES ......ceeeeee ettt s e st e bt st et e s e e e et e e e seeseebenbessenee s e e eneeneeneanenrens 7
3 Measurement family and abDreviations.............ooooeiii 9
31 MEBSUIEMENT FAMITY ...t b e bbbt b et sb e s 9
3.2 Y o] =Y/ 0] 1TSS 9
4 Functionality related MEBSUFEMENLS...........coiiiieiie e s ceeste e et e e te e e s tesre e tesae e s e steeaesresneenaenresreas 10
41 Measurements related t0 HENB-GWV...........ooi ittt see st sne e e eneees 10
41.1 Signalling Plane related MEaSUFEIMENS...........ccveiieiee e ee et e st e e e esaesrae e e nteeeesneeenes 10
4111 Numbers of incoming SCTP packets on the S1 interface, from HeNB to HeNB GW............cco..e...... 10
4112 Numbers of outgoing SCTP packets on the S1 interface, from HENB GW to HeNB.............cccccccu..... 10
41.1.3 Numbers of octets of incoming SCTP packets on the Sl interface, from HeNB to HENB GW ........... 10
4114 Numbers of octets of outgoing SCTP packets on the S1 interface, from HeENB GW to HeNB............. 11
4.1.2 User plane relaled MEASUIEIMENTS.........oi ettt sttt sttt st r et sb et b et b e e bt besn et st sb et ebe e 11
4121 Numbers of incoming GTP-U packets of Sl interface, from HeNB to HENB GW ..........ccccoveevenienene 11
4122 Numbers of outgoing GTP-U packets of S1 interface, from HENB GW to HENB............ccccveiienienne 11
4123 Numbers of octets of incoming GTP-U packets of S1 interface, from HeNB to HeNB GW................ 12
4124 Numbers of octets of outgoing GTP-U packets of Sl interface, from HeNB GW to HENB ................ 12
4.2 Measurements related t0 HENB..........ooi et et e et e e e be st e seestesneene e e eneees 12
421 Measurements related t0 CSG SEIVICE .......uiui ittt sttt sb e eb et ae e se et saesb e neenneneen 12
4211 OVEBIVIBW ...ttt ettt sttt e bt e st s b e e st b e et e s e bt s e e s e bt sees e e b e e e ene e b e e b e e e se s en e eb et eneebesbeneebenaeneenn 12
4212 Mean number of attached CSG UESINHENB ..o 13
42.1.3 Inbound CSG MODility MEBSUFEMENTS ......cveeieeiesie e st ste et e et aeseesreesreesneenreeseenneans 14
42131 Attempted inbound mobility for UEsto CSG cellsor Hybrid cellsin RRC_CONNECTED

001070 L TP PRTURTORT 14
42132 Successful inbound mobility for UEsto CSG cells or Hybrid cellsin RRC_CONNECTED

107070 P 14
42133 Failed inbound mobility for UEsto CSG cells or Hybrid cellsin RRC_CONNECTED mode......14
422 MeasurementS related tO RRC ..ottt sae et e e seeseesbesneebeeneeneeseen 15
4221 OVEBIVIEW ...ttt ettt ettt et e e es e e et e st e sbeeeeeaeese e e eneeseeabeeReeseemeeneeneeneenseneeseeseesneeneeneenseseans 15
4222 RRC coNNECtion eStabliSNMENES........cooiiee ettt s see e eneeneen 15
42221 Attempted RRC connection establiShmentS ..........ccco e 15
42222 Successful RRC connection establiShmeNtS...........cooieeririeierieriere e 16
42223 Failed RRC connection estalli SNMENES .........coooiiieieeiese et 16
4.2.3 Measurements related t0 E-RAB ..o e e 17
4231 OVEBIVIBW ...ttt ettt ettt e st e e s et e s e e st b e st e s e b e s e e st e bt s e es e e b e s e e n e e bt e e e e e b e s e st e b e s eneebenbeneebeneenennn 17
4232 [NItial E-RAB SEIUD. .....cotiiteiiteieeeete ettt ettt b ettt b et b s bbbt b bbbt nbenn e 18
42321 Number of initial E-RABS attempted t0 SEUP.......coveeeiiriiieirieeeeseeee e 18
42322 Number of initial E-RABS successfully established...........coiiiniiice e 19
42323 Number of initial E-RABSfail €0 t0 SEIUD .....ooveeiiirieiirieeeirieecertee e 19
4233 E-RAB SBIUD «...ooeoveeeeeee et s et es s s st es e en s 19
42331 Number of E-RABS attempted t0 SEIUP ......covereeeeriirieiirierieent et 20
42332 Number of E-RABS successfully establiShed..........c.ccveiieiiiie i 20
42333 Number of E-RABSfall€d 10 SELUP......c.eeieiie ettt 20
4.2.34 E-RAB release request DY HENS ...ttt et snaesraennees 21
42341 Number of E-RABSs requested to release initiated by HENB per QCl ........ccccvevieveevvece e 21
4.2.34.2 Number of E-RABSs requested to release initiated by HENB per cause..........ccooveveeveece e ceeenen, 21
4.2.35 E-RAB for Direct User Plane Path between HENB and LGW........cccoiiiiiinininice e 22
42351 Number of Direct User Plan@ Path ............ooo oo 22

ETSI



3GPP TS 32.453 version 19.0.0 Release 19 4 ETSI TS 132 453 V19.0.0 (2025-10)

42351 Number of Direct User Plane Path attempted t0 SEUP .......coevviereriiireriereeseeesee s 22
42352 Number of Direct User Plane Path successfully established ... 22
4.2.353 Number of Direct User Plane Path failed t0 SEUD.......cccoiiririieirceeeeeeee s 22
424 Measurements related tO NANAOVES ..ot see st neeneeneens 23
4241 OVEBIVIBW ...ttt ettt st s ee et e e e s e e et e st e ebeeeeeaeese e e eneeseeebeaReeeeemeeneeneeneenseneeseeseesneeneeneenseseens 23
4242 ENB related HanQOVELS ..ot bt r b st e bbb e e e 24
42421 Attempted outgoing handover to eNB per handOver CAUSE...........cccvevvecieeieeie e 24
42422 Successful outgoing handover to eNB per handOVer CAUSE.........c.coveeveereereereere e see e seeneeens 25
42423 Failed outgoing handover to eNB per handover CAUSE.........ccvvee e ieeseese e 25
42424 Attempted incoming handover from eNB per handover CaUSE.........cocvevvecveeiecie e 26
4.24.25 Successful incoming handover from eNB per handover CaUSE...........cooeovinereieneneeee e 26
4.2.4.2.6 Failed incoming handover from eNB per handover CUSE............cureerireirineseeeees s 26
4243 INEEr-RAT HBNAOVELS......coeeieiieeieeeeeee ettt sttt sttt e e e st e be et ebe e st e e eneeseesbeseeseestesneeneeneensees 27
42431 Attempted outgoing handoversto UTRAN per handover CAUSE ..........coeceverieeerieneeseseeesie e 27
42432 Successful outgoing handoversto UTRAN per handover CAUSE.........ccevririerieienienieesiesee e 27
42433 Failed outgoing handoversto UTRAN per handover CAUSE ..........oocerereirerieeeeseeeeesieee s 27
42434 Attempted outgoing handovers to GERAN per handover CaUSE .........ccccvvveeeeeieseesee e 28
42435 Successful outgoing handovers to GERAN per handover CaUSE...........ocvevvereerieeieecee e eee e 28
4.2.4.3.6 Failed outgoing handoversto GERAN per handOver CAUSE..........cccuvveereerieenieeie e see e e 29
4.25 Measurements related to PDCP SDU Dit-Tale........ccccciuiiiiiiiiinieeeeiie et s 29
4251 Average DL Cell PDCP SDU DIt-TaLE........cccueiiieiierieiiesieeseeseeste e ete s e steeseeestessaesseesseesseesseensesnsenns 29
4252 Average UL Cell PDCP SDU DIt-FaLE........cccceiueiieiieiesieesee st este e eteseeseeseeiesseessaesseesseesseesseenseensenns 29
4253 Maximum DL Cell PDCP SDU Dit-Fate.........cceiieieierieriesiese et see e et sie s e neeeeseesee e eneeneens 30
4254 Maximum UL Cell PDCP SDU Dit-Fate.........coeeieierieie et see st e eneeneen 30
4.2.6 Measurements related to Packet Delay and Drop REE.........cociiirieiiireriiereeeseeee e 30
4.26.1 AVErage DL PDCP SDU El@QY .....c.ooieuirieieieiieeeie ettt st s 30
4.2.6.2 DL PDCP SDU AFOP FBEE.......cueeteieueeterieieete sttt sttt se b s et e et see e b e see e ebesbe e ebesaeneebesrennenens 31
4.2.7 Measurements related t0 PaCket LOSS RALE..........ceeieiiiie ettt neen 31
4.2.7.1 DL PDCP SDU @it iNterfaCe I0SS MA@ ........eeueeeeieriiiteite ettt sttt s sb e neens 31
4272 UL PDCP SDU IOSS FAE ... .viueiveteireeteie sttt et b st n e nne s 32
4.2.8 Measurements related t0 Radio RESOUICE USAJE........cueiueieeiierieeiesee ettt ee et 32
4281 DL TOtal PRB USBgE... ettt ettt etttk etk et b et b e e bt n et nna 32
4282 UL TOtal PRB USBgE......eeiietiiieiiisteteis ettt sttt bbbttt b et b e et eb e 32
4.2.8.3 Average number of aCtiVE UES ONTNE DL ......ocoiiiiiiiieecieene et 33
4284 Average number of aCtiVE UES ONThE UL ......ccooiiiiiiiiiieeee e 33
Annex A: Use casesfor performance measurements definition............ccoeoereeeininnneseseseee 34
A.1 Usecaseof the SCTP signalling MEASUrEMENTS.........ccciiieiereiere ettt e e e 34
A.2 Usecase of HENB-GW user plane MEASUrEMENES .......c.cceeiieieerie ettt sttt sre e s 34
A.3  CSG service related PEfOIMANCE........cci ettt st s b e ae st e eaeesbenbesreenesneens 34
A4 RRC related PErfOrMENCE. ........coiiieeeieiiiese sttt b e e e et eb b n et nn e 34
A5  E-RAB related PEfOrMENCE.........ccociiiicee ettt ettt st s ae b e e s tesbe e e e besreenesneens 35
A.6  Handover related PErfOrMENCE.........ccoii ettt st s b e e ae s besaeesbenbesreenesneens 35
A.7 Radio bearer QoS related PErfOrMENCE ........coieece ittt ae e re e nne e 35
A.8 Packet delay, drop rate and lossrate related performance ...........oocvveecereeeese e 35
A.9  MONItOr Of reSOUICE ULTTISBLION.......c.eiuieiiriiriesiesie ettt ae st sre st see e eneesenseaneneens 36
Annex B: (O T o N o E= 0] Y R 37
11 PSS 38

ETSI



3GPP TS 32.453 version 19.0.0 Release 19 5 ETSI TS 132 453 V19.0.0 (2025-10)

Foreword

This Technical Report has been produced by the 3@ Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal
TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an
identifying change of release date and an increase in version number as follows:

Version x.y.z
where;
x thefirst digit:
1 presented to TSG for information;
2 presented to TSG for approval;
3 or greater indicates TSG approved document under change control.

y the second digit isincremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

z thethird digit isincremented when editorial only changes have been incorporated in the document.

Introduction

The present document is part of a TS-family covering the 3rd Generation Partnership Project; Technical Specification
Group Services and System A spects; Telecommunication management; as identified below:

32.401 Performance Management (PM); Concept and requirements

52.402 Performance Management (PM); Performance measurements — GSM

32.404 Performance Management (PM); Performance measurements - Definitions and template

32.405 Performance Management (PM); Performance measurements Universal Terrestrial Radio Access
Network (UTRAN)

32.406 Performance Management (PM); Performance measurements Core Network (CN) Packet Switched
(PS) domain

32.407 Performance Management (PM); Performance measurements Core Network (CN) Circuit
Switched (CS) domain

32.408 Performance Management (PM); Performance measurements Teleservice

32.409 Performance Management (PM); Performance measurements |P Multimedia Subsystem (IMS)

32.452 Performance Management (PM); Performance measurements Home Node B Subsystem (HNS)

32.453 Performance M anagement (PM); Perfor mance measurements Home enhanced Node B

Subsystem (HENS)

The present document is part of a set of specifications, which describe the requirements and information model
necessary for the standardised Operation, Administration and Maintenance (OA& M) of a multi-vendor Home enhanced
Node B Subsystem (HeNS).

During the lifetime of HeNS, its logical and physical configuration will undergo changes of varying degrees and
frequenciesin order to optimise the utilisation of the network resources. These changes will be executed through network
configuration management activities and/or network engineering, see 3GPP TS 32.600 [1].

Many of the activitiesinvolved in the daily operation and future network planning of HeNS require data on which to base
decisions. This data refers to the load carried by the network and the grade of service offered. In order to produce this
data performance measurements are executed in the NEs, which comprise the network. The data can then be transferred
to an external system, e.g. an Operations System (OS) in TMN terminology, for further evaluation. The purpose of the
present document is to describe the mechanismsinvolved in the collection of the data and the definition of the dataitself.

ETSI



3GPP TS 32.453 version 19.0.0 Release 19 6 ETSI TS 132 453 V19.0.0 (2025-10)

Annex B of TS 32.404({2] helps in the definition of new performance measurements that can be submitted to 3GPP for
potential adoption and inclusion in the present document. Annex B of TS 32.404[2] discusses a top-down performance

measurement definition methodology that focuses on how the end-user of performance measurements can use the
measurements.
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1 Scope

The present document describes the measurements for Home enhanced Node B Subsystem (HeNS).

HeNS[3] is consists of aHeNB and optionally aHeNB GW. And, it is connected by means of the standard S1 interface
to the EPC (Evolved Packet Core), more specificaly to the MME (Mobility Management Entity) by means of the S1-
MME interface and to the Serving Gateway (S-GW) by means of the S1-U interface

TS 32.401 [4] describes Performance Management concepts and requirements.

The present document is valid for all measurement types provided by an implementation of HeNS.

Only measurement types that are specific to HeNS are defined within the present documents. Vendor specific
measurement types used in HeNS are not covered. Instead, these could be applied according to manufacturer's
documentation.

Measurements related to "external" technologies (such as ATM or IP) as described by "external” standards bodies (e.g.
ITU-T or IETF) shall only be referenced within this specification, wherever there is a need identified for the existence
of such areference.

The definition of the standard measurements is intended to result in comparability of measurement data produced in a
multi-vendor network, for those measurement types that can be standardised across all vendors' implementations.

The structure of the present document is as follows:

- Header 1: Network Element (e.g. measurements related to HeNB and HeENB GW);
- Header 2: Measurement function (e.g. HeNB registration measurements);
- Header 3: Measurements.

2 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present
document.

- References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

- For aspecific reference, subsequent revisions do not apply.

- For anon-specific reference, the latest version applies. In the case of areference to a 3GPP document (including
aGSM document), a non-specific reference implicitly refersto the latest version of that document in the same
Release as the present document.

[1] 3GPP TS 32.600: " Telecommunication management; Configuration Management (CM); Concept
and high-level requirements’.

[2] 3GPP TS 32.404: " Performance Management (PM); Performance measurements - Definitions and
template”.

[3] 3GPP TS 23.401: “General Packet Radio Service (GPRS) enhancements for Evolved Universal
Terrestrial Radio Access Network (E-UTRAN) access’.

[4] 3GPP TS 32.401: " Telecommunication management; Performance Management (PM); Concept
and requirements’.

[5] 3GPP TS 36.300: "Evolved Universal Terrestrial Radio Access (E-UTRA); and Evolved Universal
Terrestrial Radio Access Network (E-UTRAN); Overall description; Stage 2 (Release 9)".

[6] 3GPP TS 36.413: "Technical Specification Group Radio Access Network; Evolved Universal
Terrestrial Radio Access Network (E-UTRAN); S1 Application Protocol (S1IAP)".

[7] 3GPP TS 36.331: "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource
Control (RRC) protocol specification”.

[8] 3GPP TS 36.314: "Evolved Universal Terrestrial Radio Access (E-UTRA); Layer 2 —
Measurements”.
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[9] 3GPP TS 32.425: "Performance measurements Evolved Universal Terrestrial Radio Access
Network (E-UTRAN)".
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3 Measurement family and abbreviations

3.1 Measurement family

The measurement names defined in the present document are all beginning with a prefix containing the measurement
family name(e.g. S1.IncSctpPkt). This family name identifies all measurements which relate to a given functionality
and it may be used for measurement administration (see 3GPP TS 32.401 [4]).

Thelist of families currently used in the present document is as follows:
- S1 (measurementsrelated to S1 interface).
- CSG (measurements related to CSG membership)
- HO (measurements related to handover)

- DRB (measurements related to Data Radio Bearer)

3.2 Abbreviations

For the purposes of the present document, the following abbreviations apply:

3G 3 Generation

3GPP 3G Partnership Project

CS Circuit switched

CN Core Network

NE Network Element

NM Network Manager

OA&M Operation, Administration and Maintenance
oS Operations System (EM, NM)

PM Performance Management

QoS Quiality of Service

UMTS Universal Mobile Telecommunications System

You can find below alist of abbreviations used within the measurement types for field E of the measurement template
(see 3GPP TS 32.404 [2]).

Ans Answer(ed)

Att Attempted

Auth Authorization
Cs Circuit switched
DER Discrete Event Registration
DeReg De-Registration
Dmn Domain

Estab Establish(ment)
Fail Failed(/Failure)
Fwd Forward(ed)

Inc Incoming

Ind Indication

Nbr Number

Rel Release(s,d)

Res Resource

Succ Success(es,ful)
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4 Functionality related measurements

The measurements defined in this clause are related to the functionality aspect performance. The detailed measurements
for each function are defined in the following subclauses.

4.1 Measurements related to HeNB-GW

A HeNB GW is optional in aHeNB subsystem. If the HENB is connected by means of the standard S1 interface to the
HeNB GW, more specifically through HeNB GW to the MME (Mobility Management Entity) by means of the S1-
MME interface and to the Serving Gateway (S-GW) by means of the S1-U interface.

NOTE 1: These measurements are only effective when HeNB GW isincluded in HeNS.
4.1.1 Signalling Plane related measurements

4111 Numbers of incoming SCTP packets on the S1 interface, from HeNB to
HeNB GW

a) This measurement provides the number of SCTP data packets sent from HeNB to HeNB GW which have been
accepted and processed by the SCTP protocol entity on the S1 interface.

b) CC.

¢) Receipt of a SCTP data PDU from HeNB to HeNB GW on the S1-MME interface.

d) A singleinteger value.

€) S1.IncSctpPkt

f) HeNBGWFunction

g) Valid for packet switching

h) EPS

41.1.2 Numbers of outgoing SCTP packets on the S1 interface, from HeNB GW to
HeNB

a) This measurement provides the number of SCTP data packets sent from HeENB GW to HeNB which have been
generated by the SCTP protocol entity on the S1 interface.

b) CC.

¢) Transmission of a SCTP data PDU from HeENB GW to HeNB on the S1-MME interface.

d) A singleinteger value.

€) S1.0utSctpPkt

f) HeNBGWHFunction

g) Valid for packet switching

h) EPS

41.1.3 Numbers of octets of incoming SCTP packets on the S1 interface, from
HeNB to HeNB GW

a) This measurement provides the number of octets of SCTP data packets sent from HeNB to HeENB GW which have
been accepted and processed by the SCTP protocol entity on the S1 interface.
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b) CC.

¢) Receipt of a SCTP dataPDU from HeNB to HeNB GW on the S1 interface.

d) A singleinteger value.

€) Sl.IncSctpOct

f) HeNBGWHFunction

g) Valid for packet switching

h) EPS

41.1.4 Numbers of octets of outgoing SCTP packets on the S1 interface, from HeNB
GW to HeNB

a) This measurement provides the number of octets of SCTP data packets sent from HeENB GW to HeNB which have
been generated by the SCTP protocol entity on the S1 interface.

b) CC.

¢) Transmission of a SCTP data PDU from HeNB GW to HeNB on the luh interface.
d) A singleinteger value.

€) S1.0utSctpOct

f) HeNBGWFunction

g) Valid for packet switching

h) EPS

4.1.2 User plane related measurements
4121 Numbers of incoming GTP-U packets of S1 interface, from HeNB to HeNB
GW

a) This measurement provides the number of GTP-U data packets on the user plane, sent from HeNB to HeNB GW on
Sl interface.

b) CC.

¢) Receipt of an GTP-U data PDU from HeNB to HeENB GW on the user plane of Sl interface.

d) A singleinteger value.

€) Sl.IncPsPkt

f) HeNBGWHFunction

g) Valid for packet switched traffic

h) EPS

41.2.2 Numbers of outgoing GTP-U packets of S1 interface, from HeNB GW to
HeNB

a) This measurement provides the number of GTP-U data packets sent on the user plane, from HeNB GW to HeNB on
Sl interface.

b) CC.
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¢) Transmission of an GTP-U data PDU from HeNB GW to HeNB on the user plane of S1 interface.

d) A singleinteger value.

€) S1.0utPsPkt

f) HeNBGWFunction

g) Valid for packet switched traffic

h) EPS

41.2.3 Numbers of octets of incoming GTP-U packets of S1 interface, from HeNB to
HeNB GW

a) This measurement provides the number of octets of GTP-U data packets on the user plane, sent from HeNB to
HeNB GW on S1 interface.

b) CC.

¢) Receipt of an GTP-U data PDU from HeNB to HENB GW on the user plane of Sl interface.

d) A singleinteger value.

€) Sl.IncPsOct

f) HeNBGWHFunction

g) Valid for packet switched traffic

h) EPS

41.2.4 Numbers of octets of outgoing GTP-U packets of S1 interface, from HeNB
GW to HeNB

a) This measurement provides the number of octets of GTP-U data packets on the user plane, sent from HeNB GW to
HeNB on Sl interface.

b) CC.

¢) Transmission of an GTP-U data PDU from HeNB GW to HeNB on the user plane of Sl interface.
d) A singleinteger value.

€) S1.0utPsOct

f) HeNBGWHFunction

g) Valid for packet switched traffic

h) EPS

4.2 Measurements related to HeNB

42.1 Measurements related to CSG service

4211 Overview

A Closed Subscriber Group identifies subscribers of an operator who are permitted to access one or more cells of the
PLMN but which have restricted access (CSG cells).

The CSG inbound mobility procedure provides means for UEs switching from other cellsto CSG HeNBs or to Hybrid
Cellsin RRC_CONNECTED mode. The procedure is triggered when the target HeNB receivesaHANDOVER
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REQUEST message from the MME, including the CSG id and — for handover to a hybrid cell - CSG Membership
Status. In case the target HENB is connected to MM E through HeENB GW, the HANDOV ER REQUEST message
should be sent from the HeNB GW. The successful CSG inbound mobility rate poses an important impact on the QoE,
thereforeit is essential to define related measurements

The CSG inbound mobility procedureisinitiated by MME.

Performance measurement definitions in this subclause are based on 3GPP TS 36.413 [6].
- HANDOVER REQUEST
- HANDOVER REQUEST ACKNOWLEDGE
- HANDOVER FAILURE

These paragraphs show in particular the following diagram.

target
HeNB MME

HANDOVER REQUEST

HANDOVER REQUEST ACKNOWLEDGE

Figure 1 CSG UE Inbound Procedure: Successful Operation

target
HeNB MME
HANDOVER REQUEST
HANDOVER FAILURE
I I

Figure 2 CSG UE Inbound Procedure: Unsuccessful Operation

42.1.2 Mean number of attached CSG UEs in HeNB
a) This measurement provides the mean number of attached CSG UEsin the HeNB.
b) S

¢) This measurement is obtained by sampling at a pre-defined interval the number of CSG UEs in the HeNB and
then taking the arithmetic mean (see TS 36.300 [5]).

d) A singleinteger value

€e) CSG.MeanNbrUsr

f) HeNB

g) Valid for circuit and packet switched traffic
h) EPS
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42.1.3 Inbound CSG mobility measurements

The three measurement types defined in the subclause 4.2.1.3 are subject to the "2 out of 3 approach".

42131 Attempted inbound mobility for UEs to CSG cells or Hybrid cells in
RRC_CONNECTED mode

a) This measurement provides the number of attempted inbound mobility for UEsto CSG cells or hybrid cellsin
RRC_CONNECTED mode

b) CC

¢) Receipt by the HeNB of a SIAP message HANDOVER REQUEST from the MME/HeNB GW with the "CSG
id" IE, and "CSG Membership Status' |E for handover to a hybrid cell (see TS 36.413 [6]).

d) A singleinteger value.
€) CSG.AttInboundMobility
f) HeNB
g) Vadlid for circuit and packet switched traffic
h) EPS
4.2.1.3.2 Successful inbound mobility for UEs to CSG cells or Hybrid cells in
RRC_CONNECTED mode

a) This measurement provides the number of successful inbound mobility for UEsto CSG cells or hybrid cellsin
RRC_CONNECTED mode

b) CC

¢) Transmission by the HeNB of a SLAP message HANDOV ER REQUEST ACKNOWLEDGE to the
MME/HeNB GW, corresponding to the receipt by the HeNB of a STAP message HANDOVER REQUEST from
the MME/HeNB GW with the"CSG id" IE, and "CSG Membership Status' | E for handover to a hybrid cell (see
TS 36.413[6]).

d) A singleinteger value.
€) CSG.SucclnboundMobility
f) HeNB
g) Validfor circuit and packet switched traffic
h) EPS
4.2.1.3.3 Failed inbound mobility for UEs to CSG cells or Hybrid cells in
RRC_CONNECTED mode

a) This measurement provides the number of failed successful inbound mobility for UEsto CSG cells or hybrid
cellsin RRC_CONNECTED mode

b) CC

¢) Transmission by the HeNB of a SLAP message HANDOVER FAILURE to the MME/HeNB GW,
corresponding to the receipt by the HeNB of a STAP message HANDOVER REQUEST from the MME/HeNB
GW with the"CSG id" IE, and "CSG Membership Status' |E for handover to a hybrid cell (see TS 36.413 [6]).

d) Each measurement is aninteger value. The number of measurementsis equal to the number of causes supported
plus a possible sum value identified by the .sum suffix.

€) CSG.FailedlnboundMobility. Cause
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where Cause identifies the failure cause.

f) HeNB

g) Vadlid for circuit and packet switched traffic
h) EPS

4.2.2 Measurements related to RRC

4.2.2.1 Overview
Performance M easurement definitions in this subclause are based on 3PGG TS 36.413 [6].
The following paragraphs are of interest for this purpose:

- RRC CONNECTION REQUEST

- RRC CONNECTION SETUP COMPLETE

- RRC CONNECTION REJECT

These paragraphs show in particular the following diagrams.

UE EUTRAN
RRCConnectionRequest

RRCConnectionSetup

)l

RRCConnectionSetupComplete

— —

Figure 3 RRC connection establishment, successful

UE EUTRAN
RRCConnectionRequest

RRCConnectionRegject

)l

Figure 4 RRC connection establishment, network reject

4222 RRC connection establishments

The three measurement types defined in the clause 4.2.2.2 for HeNB  are subject to the "2 out of 3 approach”.

42221 Attempted RRC connection establishments
a) This measurement provides the number of RRC connection establishment attempts for each establishment cause.

b) CC
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¢) Receipt of an RRC CONNECTION REQUEST message by the HeNB from the UE. Each RRC Connection
Request message received is added to the relevant per cause measurement. The possible causes are included in
TS 36.331[7]. The sum of all supported per cause measurements shall equal the total number of RRC
Connection Establishment attempts. In case only a subset of per cause measurementsis supported, a sum
subcounter will be provided first.

d) Each measurement isan integer value. The number of measurementsis equal to the number of causes plus a
possible sum value identified by the .sum suffix.

€) The measurement name has the form RRC.AttConnEstab.Cause
where Cause identifies the Establishment Cause.

f) HeNB

g) Vadlid for packet switched traffic

h) EPS

42222 Successful RRC connection establishments
a) This measurement provides the number of successful RRC establishments for each establishment cause.
b) CC

¢) Receipt by the HeNB of a RRC CONNECTION SETUP COMPLETE message following a RRC establishment
attempt. Each RRC Connection Setup Complete message received is added to the relevant per cause
measurement. The possible causes are included in TS 36.331 [7]. The sum of all supported per cause
measurements shall equal the total number of RRC Connection Establishments. In case only a subset of per
cause measurements is supported, a sum subcounter will be provided first.

d) Each measurement is aninteger value. The number of measurementsis equal to the number of causes plusa
possible sum value identified by the .sum suffix.

€) The measurement name has the form RRC.SuccConnEstab.Cause
where Cause identifies the Establishment Cause.

f) HeNB

g) Validfor packet switched traffic

h) EPS

42223 Failed RRC connection establishments
a) This measurement provides the number of RRC establishment failures for each rejection cause.
b) CC

¢) Transmission of an RRC CONNECTION REJECT message by the HeNB to the UE or an expected RRC
Connection Setup Complete message not received by the HeNB. Each failed RRC connection establishment is
added to the relevant per establishment cause measurement. The possible causes are included in TS 36.331 [7].

The sum of al supported per cause measurements shall equal the total number of RRC connection establishment
failures. In case only a subset of per cause measurements is supported, a sum subcounter will be provided first.

d) Each measurement is aninteger value. The number of measurementsis equal to the number of causes plusa
possible sum value identified by the .sum suffix.

€) The measurement name has the form RRC. Fail ConnEstab.Cause
where Cause identifies the Rejection Cause.

f) HeNB

ETSI



3GPP TS 32.453 version 19.0.0 Release 19 17 ETSI TS 132 453 V19.0.0 (2025-10)

g) Vadlid for packet switched traffic
h) EPS

4.2.3 Measurements related to E-RAB

4231 Overview
Performance Measurement definitions in this subclause are based on 3PGG TS 36.413 [6].
The following paragraphs are of interest for this purpose:

- INITIAL CONTEXT SETUP REQUEST

- INITIAL CONTEXT SETUP RESPONSE

- INITIAL CONTEXT SETUP FAILURE

- UE CONTEXT RELEASE REQUEST

- E-RAB SETUP REQUEST;

- E-RAB SETUP RESPONSE;

- E-RAB RELEASE INDICATION.

These paragraphs show in particular the following diagrams.

HeNB MME

INITIAL CONTEXT SETUP REQUEST

INITIAL CONTEXT SETUP RESPONSE

Figure 5 Initial Context Setup procedure. Successful operation

HeNB MME

INITIAL CONTEXT SETUP REQUEST

INITIAL CONTEXT SETUP FAILURE

Figure 6 Initial Context Setup procedure. Unsuccessful operation
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HeNB MME

UE CONTEXT RELEASE REQUEST

Figure 7 UE Context Release Request procedure. Successful operation

HeNB MME

E-RAB SETUP REQUEST

E-RAB SETUP RESPONSE

— ——

Figure 8 E-RAB Setup procedures

HeNB MME

E-RAB RELEASE INDICATION

Figure 9 E-RAB Release INDICATION procedure. Successful operation

4.2.3.2 Initial E-RAB setup

The three measurement types defined in the clause 4.2.3.2 for HeNB are subject to the "2 out of 3 approach”.

42321 Number of initial E-RABs attempted to setup

a)

b)
c)

d)

€)

This measurement provides the number of initial E-RABS attempted to setup. The measurement is split into
subcounters per E-RAB QoS level (QCI).

CcC

On receipt by the HeNB of an INITIAL CONTEXT SETUP REQUEST message, each requested E-RABs in the
message is added to the relevant measurement per QCI, the possible QCls areincluded in TS 36.413 [6]. The
sum of all supported per QCI measurements shall equal the total number of SAE Bearers attempted to setup. In
case only a subset of per QCI measurements is supported, a sum subcounter will be provided first.

Each measurement is an integer value. The number of measurementsis equal to the number of QCls plusa
possible sum value identified by the .sum suffix.

The measurement name has the form ERAB.Establ nitAttNbr.QCI
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where QCI identifies the E-RAB level quality of service class.
f) HeNB

g) Vadlid for packet switched traffic

h) EPS

42322 Number of initial E-RABs successfully established

a) This measurement provides the number of initial E-RABs successfully established. The measurement is split into
subcounters per E-RAB QoS level (QCI).

b) CC

¢) Ontransmission by the HENB of an INITIAL CONTEXT SETUP RESPONSE message, each E-RAB
successfully established is added to the relevant measurement per QCI, the possible QCls are included in
TS 36.413[6]. The sum of all supported per QCl measurements shall equal the total number of E-RABs
successfully setup. In case only a subset of per QCI measurements is supported, a sum subcounter will be
provided first.

d) Each measurement is an integer value. The number of measurementsis equal to the number of QClsplusa
possible sum value identified by the .sum suffix.

€) The measurement name has the form ERAB.EstablnitSuccNbr.QCI
where QCI identifies the E-RAB level quality of service class.

f) HeNB

g) Validfor packet switched traffic

h) EPS

42323 Number of initial E-RABs failed to setup

a) This measurement provides the number of initial E-RABs failed to setup. The measurement is split into
subcounters per failure cause.

b) CC

¢) Ontransmission by the HeNB of an INITIAL CONTEXT SETUP RESPONSE, or INITIAL CONTEXT SETUP
FAILURE message, each E-RAB failed to establish is added to the relevant measurement per cause, the possible
causes areincluded in TS 36.413 [6]. The sum of all supported per cause measurements shall equal the total
number of E-RABs failed to setup. In case only a subset of per cause measurements is supported, asum
subcounter will be provided first.

d) Each measurement isan integer value. The number of measurementsis equal to the number of causes plus a
possible sum value identified by the .sum suffix.

€) The measurement name has the form ERAB.EstablnitFailNbr.Cause
where Cause identifies the cause resulting in the initial E-RAB setup failure.
f) HeNB

g) Vadlid for packet switched traffic

h) EPS

4.2.3.3 E-RAB setup

The three measurement types defined in the clause 4.2.3.3 for HeNB are subject to the "2 out of 3 approach”.
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42331 Number of E-RABs attempted to setup

a) This measurement provides the number of E-RABSs attempted to setup. The measurement is split into
subcounters per E-RAB QoS level (QCI).

b) CC

c) On receipt by the HeNB of a E-RAB SETUP REQUEST message, each regquested E-RAB in the message is
added to the relevant measurement per QCI, the possible QCls are included in TS 36.413 [6]. The sum of all
supported per QCI measurements shall equal the total number of additional E-RABs attempted to setup. In case
only a subset of per QCI measurementsis supported, a sum subcounter will be provided first.

d) Each measurement is an integer value. The number of measurementsis equal to the number of QClsplusa
possible sum value identified by the .sum suffix.

€) The measurement name has the form ERAB. EstabAttNbr.QClI
where QCI identifies the E-RAB level quality of service class.

f) HeNB

g) Vadlid for packet switched traffic

h) EPS

42332 Number of E-RABs successfully established

a) This measurement provides the number of E-RABs successfully established. The measurement is split into
subcounters per E-RAB QoS level (QCI).

b) CC

¢) On transmission by the HENB of a E-RAB SETUP RESPONSE message, each E-RAB successfully established
is added to the relevant measurement per QCI, the possible QCls areincluded in TS 36.413 [6]. The sum of all
supported per QCI measurements shall equal the total number of E-RABS successfully setup. In case only a
subset of per QCI measurements is supported, a sum subcounter will be provided first.

d) Each measurement is aninteger value. The number of measurementsis equal to the number of QCls plusa
possible sum value identified by the .sum suffix.

€) The measurement name has the form ERAB.EstabSuccNbr.QCI
where QCI identifies the E-RAB level quality of service class.

f) HeNB

g) Validfor packet switched traffic

h) EPS

4.2.3.3.3 Number of E-RABs failed to setup

a) This measurement provides the number of E-RABSs failed to setup. The measurement is split into subcounters per
failure cause.

b) CC

¢) Ontransmission by the HeNB of a E-RAB SETUP RESPONSE message, each E-RAB failed to establishis
added to the relevant measurement per cause, the possible causes areincluded in TS 36.413 [6]. The sum of al
supported per cause measurements shall equal the total number of E-RABs failed to setup. In case only a subset
of per cause measurements is supported, a sum subcounter will be provided first.

d) Each measurement isan integer value. The number of measurementsis equal to the number of causes plus a
possible sum value identified by the .sum suffix.

€) The measurement name has the form ERAB. EstabFailNbr.Cause
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where Cause identifies the cause resulting in the additional E-RAB setup failure.

f) HeNB
g) Vadlid for packet switched traffic
h) EPS
4.2.3.4 E-RAB release request by HeENS
42341 Number of E-RABs requested to release initiated by HeNB per QCI
a) This measurement provides the number of E-RABSs requested to release initiated by HeNB. The measurement is
split into subcounters per E-RAB QoS level (QCI).
b) CC
¢) Ontransmission by the HeNB of a E-RAB RELEASE INDICATION or UE CONTEXT RELEASE REQUEST

d)

€)

message, each corresponding E-RAB reguested to release is added to the rel evant measurement per QCI, the
possible QClsareincluded in TS 36.413 [6]. The sum of al supported per QCI measurements shall equal the
total number of E-RABSs requested to release initiated by HeNB. In case only a subset of per QCI measurements
is supported, a sum subcounter will be provided first.

Each measurement is an integer value. The number of measurementsis equal to the number of QClsplusa
possible sum value identified by the .sum suffix.

The measurement name has the form ERAB.RelEnbNbr.QCI

where QCI identifies the E-RAB level quality of service class.

f)
9
h)

HeNB
Valid for packet switched traffic
EPS

4.2.3.4.2 Number of E-RABs requested to release initiated by HeNB per cause

a)
b)

©)

d)

€)

This measurement provides the number of E-RABSs requested to release initiated by HeNB. The measurement is
split into subcounters per cause.

CcC

On transmission by the HeNB of a E-RAB RELEASE INDICATION or UE CONTEXT RELEASE REQUEST
message, each corresponding E-RAB requested to release is added to the relevant measurement per cause.
Possible causes are included in TS 36.413[6].

Each measurement is an integer value. The number of measurementsis equal to the number of supported causes.

The measurement names have the form ERAB.RelEnbNbr.cause

where cause identifies the reason for the E-RABSs release request initiated by HeNB.

f)
9)
h)

HeNB
Valid for packet switched traffic
EPS
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4235 E-RAB for Direct User Plane Path between HeNB and LGW

42.35.1 Number of Direct User Plane Path

The three measurement types defined in the clauses 4.2.3.5.2, 4.2.3.5.3 and 4.2.3.5.4 are subject to the "2 out of 3
approach™.

42351 Number of Direct User Plane Path attempted to setup
a) This measurement provides the number of direct user plane path between HeNB and Local GW attempted to
setup.
b) CC

¢) Onreceipt by the HeNB of an INITIAL CONTEXT SETUP REQUEST message (for initial E-RAB setup) or E-
RAB SETUP REQUEST message (for other E-RAB setup) and the PDN connection is established for Local IP
Access, each requested E-RABs in the message is added to the relevant measurement. The message includes a
Correlation ID for enabling the direct user plane path between the HeNB and the L-GW. The Correlation ID is
equal to the user plane PDN GW TEID (GTP-based S5) or GRE key (PMIP-based S5). ( TS 23.401 [3]).

d) Integer.

€) The measurement name has the form ERAB.EstabDirectPathL GWAttNbr.
f) HeNB

g) Vadlid for packet switched traffic

h) EPS

4.2.35.2 Number of Direct User Plane Path successfully established

a) This measurement provides the number of direct user plane path between HeNB and Local GWsuccessfully
established.

b) CC

¢) Ontransmission by the HeENB of an INITIAL CONTEXT SETUP RESPONSE message(for initial E-RAB
setup) or E-RAB SETUP RESPONSE message (for other E-RAB setup)and the PDN connection is established
for Local IP Access, each E-RAB successfully established is added to the relevant measurement.

d) Integer.
€) The measurement name has the form ERAB.EstabDirectPathL GW SuccNbr.
f) HeNB

g) Vadlid for packet switched traffic

h) EPS
4.2.35.3 Number of Direct User Plane Path failed to setup
a) This measurement provides the number of direct user plane path between HeNB and Local GW E-RABs failed
to setup.
b) CC

¢) Ontransmission by the HeNB of an INITIAL CONTEXT SETUP RESPONSE/INITIAL CONTEXT SETUP
FAILURE message (for initial E-RAB setup) or E-RAB SETUP RESPONSE message (for other E-RAB setup)
and the PDN connection is established for Local IP Access, each E-RAB failed to establish is added to the
relevant measurement per cause, the possible causes are included in TS 36.413 [6]. The sum of all supported per
cause measurements shall equal the total number of E-RABs failed to setup. In case only a subset of per cause
measurements is supported, a sum subcounter will be provided first.
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d) Each measurement isan integer value. The number of measurementsis equal to the number of causes plus a
possible sum value identified by the .sum suffix.

€) The measurement name has the form ERAB.EstabDirectPathL GWFailNbr.Cause, where Cause identifies the
cause resulting in the E-RAB setup failure.

f) HeNB
g) Validfor packet switched traffic
h) EPS

4.2.4 Measurements related to handover

4.2.4.1 Overview
Performance M easurement definitions in this subclause are based on 3PGG TS 36.413 [6].
The following paragraph is of interest for this purpose:

- HANDOVER REQUEST

- HANDOVER REQUEST ACKNOWLEDGE

- RRC CONNECTION RECONFIGURATION

- RRC CONNECTION RECONFIGURATION COMPLETE

- RRC CONNECTION REESTABLISHMENT

- MOBILITY FROM EUTRA COMMAND

- UE CONTEXT RELEASE COMMAND

These paragraphs show in particular the following diagrams:

eNB MME

HANDOVER REQUEST

A

HANDOVER REQUEST ACKNOWLEDGE

L

Figurel0: Handover resource allocation: successful

UE EUTRAN

RRCConnectionReconfiguration

A

RRCConnecti onReconfigurationCompl ete

Figurell: RRC connection reconfiguration, successful
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UE EUTRAN

RRCConnectionReconfiguration

RRCConnectionReestabli shmentRequest

L

Figurel2: RRC connection reconfiguration, failure

UE EUTRAN

MobilityFromEUTRACommand

Figurel3: Mobility from E-UTRA, successful

UE EUTRAN

MobilityFromEUTRACommand

RRCConnecti onReestabli shmentRequest

|
Figurel4: Mobility from E-UTRA, failure
eNB MME
UE CONTEXT RELEASE COMMAND
UE CONTEXT RELEASE COMPLETE
I I

Figurel5: UE Context Release procedure. Successful

4242 eNB related Handovers

42421 Attempted outgoing handover to eNB per handover cause

a) This measurement provides the number of attempted outbound handover to eNB per handover cause.
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b)

d)

€)

CC.

Transmission of the RRCConnectionReconfiguration message from HeNB to the UE, indicationg the handover
to eNB (see TS 36.331[7]). The sum of al supported per cause measurements shall equal the total number of
handover to eNB events. In case only a subset of per cause measurements is supported, a sum subcounter will be
provided first.

Each measurement is an integer value. The number of measurementsis equal to the number of causes supported
plus a possible sum value identified by the .sum suffix.

HO. ToeNBAtt.Cause

where Cause identifies the cause for handover.

f)
9)
h)

HeNB
Valid for packet switched traffic
EPS

42422 Successful outgoing handover to eNB per handover cause

a)
b)
©)

d)

€)

This measurement provides the number of successful outbound handover to eNB per handover cause.
CC.

Receipt of a SIAP message UE CONTXT RELEASE COMMAND sent from the MME to the HeNB, indicating
a successful handover to eNB with specific cause (see TS 36.413 [6]).The sum of all supported per cause
measurements shall equal the total number of outgoing intra-eNB handover events. In case only a subset of per
cause measurements is supported, a sum subcounter will be provided first.

Each measurement is an integer value. The number of measurementsis equal to the number of causes
supported plus a possible sum value identified by the .sum suffix

HO. ToeNBSucc.Cause

where Cause identifies the cause for handover.

f) HeNB
g) Vadlid for packet switched traffic
h) EPS
42423 Failed outgoing handover to eNB per handover cause
a) This measurement provides the number of failed outbound handover to eNB per handover cause.
b) CC
¢) Transmission of the RRCConnectionReestablishmentRequest message by the UE to the HENB, indicating the

d)

€)

RRC connection reestablishment(see TS 36.331 [7]).The sum of all supported per cause measurements shall
equal the total number of handover from eNB events. In case only a subset of per cause measurementsis
supported, a sum subcounter will be provided first.

Each measurement is an integer value. The number of measurementsis equal to the number of causes
supported plus a possible sum value identified by the .sum suffix

HO. ToeNBFail.Cause

where Cause identifies the cause for handover.

f)
9)

HeNB
Valid for packet switched traffic
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h) EPS
42424 Attempted incoming handover from eNB per handover cause
a) This measurement provides the number of attempted inbound handover from eNB per handover cause.

b)
<)

d)

€)

CC.

Receipt of a SLAP message HANDOV ER REQUEST sent from the MME to the HeNB (see TS 36.413 [6]). The
sum of all supported per cause measurements shall equal the total number of handover from eNB events. In case
only a subset of per cause measurements is supported, a sum subcounter will be provided first.

Each measurement is an integer value. The number of measurementsis equal to the number of causes supported
plus a possible sum value identified by the .sum suffix.

HO. FromeNBAtt.Cause

where Cause identifies the cause for handover.

f) HeNB
g) Validfor packet switched traffic
h) EPS
42425 Successful incoming handover from eNB per handover cause
a) This measurement provides the number of successful inbound handover from eNB per handover cause.
b) CC.
c) Receipt of a RRCConnectionReconfigurationComplete message sent from theUE to the HeNB, indicating a

d)

€)

successful handover from eNB with specific cause (see TS 36.331 [7]).The sum of all supported per cause
measurements shall equal the total number of handover from eNB events. In case only a subset of per cause
measurements is supported, a sum subcounter will be provided first.

Each measurement is an integer value. The number of measurementsis equal to the number of causes supported
plus a possible sum value identified by the .sum suffix

HO. FromeNBSucc.Cause

where Cause identifies the cause for handover.

f)
9)
h)

HeNB
Valid for packet switched traffic
EPS

4.2.4.2.6 Failed incoming handover from eNB per handover cause

a)
b)
c)

d)

€)

This measurement provides the number of failed inbound handover from eNB per handover cause.

CC

Transmission of the RRCConnectionReestablishmentRequest message by the UE to the eNB, indicating the
RRC connection reestablishment(see TS 36.331 [7]).The sum of all supported per cause measurements shall
equal the total number of handover from eNB events. In case only a subset of per cause measurementsis
supported, a sum subcounter will be provided first.

Each measurement is an integer value. The number of measurementsis equal to the number of causes supported
plus a possible sum value identified by the .sum suffix

HO. FromeNBFail.Cause

where Cause identifies the cause for handover.
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f) HeNB
g) Validfor packet switched traffic
h) EPS

4.2.4.3 Inter-RAT Handovers

42431 Attempted outgoing handovers to UTRAN per handover cause
a) This measurement provides the number of attempted outgoing handoversto UTRAN per cause and target cell
specific.
b) CC.

¢) Transmission of the MobilityFromEUTRACommand message from the HeNB to the UE indicating the attempt
of an outgoing handover from HeNS to UTRAN with a specific cause (see TS 36.331 [7]). The sum of all
supported per cause measurements shall equal the total number of outgoing handover to UTRAN events. In case
only a subset of per cause measurements is supported, a sum subcounter will be provided first.

d) Each measurement is aninteger value. The number of measurementsis equal to the number of causes supported
plus a possible sum value identified by the .sum suffix.

€) HO.ToUtranAtt.Cause

where Cause identifies the cause for handover
f) HeNB

g) Vadlid for packet switched traffic

h) EPS
4.2.4.3.2 Successful outgoing handovers to UTRAN per handover cause
a) This measurement provides the number of successful outgoing handoversto UTRAN per cause target cell
specific.
b) CC.

¢) Receipt of a SIAP message UE CONTEXT RELEASE COMMAND sent from the MME to the HENB,
indicating a successful handover initiated due to a specific cause (see TS 36.413 [6]).The sum of all supported
per cause measurements shall equal the total number of outgoing handover to UTRAN events. In case only a
subset of per cause measurements is supported, a sum subcounter will be provided first.

d) Each measurement is an integer value. The number of measurementsis equal to the number of causes supported
plus a possible sum value identified by the .sum suffix.

€) HO.ToUtranSucc.Cause

where Cause indicating the cause for handover.
f) HeNB

g) Validfor packet switched traffic

h) EPS

4.2.4.3.3 Failed outgoing handovers to UTRAN per handover cause
a) This measurement provides the number of failed outgoing handoversto UTRAN per cause target cell specific.

b) CC
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©)

d)

€)

Transmission of the RRCConnectionReestablishmentRequest message by the UE to the HeNB, indicating the
RRC connection reestablishment(see TS 36.331 [7]). The sum of all supported per cause measurements shall
equal the total number of outgoing handover to UTRAN events. In case only a subset of per cause measurements
is supported, a sum subcounter will be provided first.

Each measurement is an integer value. The number of measurementsis equal to the number of causes supported
plus a possible sum value identified by the .sum suffix.

HO.ToUtranFail.Cause

where Cause indicating the cause for handover.

f) HeNB
g) Vadlid for packet switched traffic
h) EPS
42434 Attempted outgoing handovers to GERAN per handover cause
a) This measurement provides the number of attempted outgoing handoversto GERAN per cause and target cell
specific.
b) CC.
¢) Transmission of the MobilityFromEUTRACommand message from the HeNB to the UE indicating the attempt

d)

of an outgoing handover from HeNS to GERAN with a specific cause (see TS 36.331 [7]). The sum of all
supported per cause measurements shall equal the total number of outgoing handover to GERAN events. In case
only a subset of per cause measurements is supported, a sum subcounter will be provided first.

Each measurement is an integer value. The number of measurementsis equal to the number of causes supported
plus a possible sum value identified by the .sum suffix.

HO.ToGeranAtt.Cause

where Cause identifies the cause for handover

f) HeNB
g) Validfor packet switched traffic
h) EPS
4.2.4.35 Successful outgoing handovers to GERAN per handover cause
a) This measurement provides the number of successful outgoing handovers to GERAN per cause target cell
specific.
b) CC.
¢) Receipt of a SIAP message UE CONTEXT RELEASE COMMAND sent from the MME to the HENB,

d)

€)

f)
9)

indicating a successful handover initiated due to a specific cause (see TS 36.413 [6]).The sum of al supported
per cause measurements shall equal the total number of outgoing handover to GERAN events. In case only a
subset of per cause measurements is supported, a sum subcounter will be provided first.

Each measurement is an integer value. The number of measurementsis equal to the number of causes supported
plus a possible sum value identified by the .sum suffix.

HO.ToGeranSucc.Cause
where Cause indicating the cause for handover.
HeNB

Valid for packet switched traffic
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h)

EPS

4.2.4.3.6 Failed outgoing handovers to GERAN per handover cause

a)
b)
c)

d)

€)

f)

9)
h)

This measurement provides the number of failed outgoing handoversto GERAN per cause target cell specific.
CC.

Transmission of the RRCConnectionReestablishmentRequest message by the UE to the HENB, indicating the
RRC connection reestablishment(see TS 36.331 [7]). The sum of all supported per cause measurements shall
equal the total number of outgoing handover to UTRAN events. In case only a subset of per cause measurements
is supported, a sum subcounter will be provided first.

Each measurement is an integer value. The number of measurementsis equal to the number of causes supported
plus a possible sum value identified by the .sum suffix.

HO.ToGeranFail.Cause

where Cause indicating the cause for handover.
HeNB

Valid for packet switched traffic

EPS

4.2.5 Measurements related to PDCP SDU bit-rate

4251 Average DL cell PDCP SDU bit-rate

a)

b)
c)

d)

€)

f)

9)
h)

This measurement provides the average cell bit-rate of PDCP SDUs on the downlink. This represents the ingress
rate of user plane traffic to the HeNB (via S1). The measurement is split into subcounters per SAE Bearer QoS
level (QCI).

CcC
This measurement is obtained according to the Scheduled 1P Throughput definitionin TS 36.314 [§].

Each measurement is an integer value representing the bit-rate measured in kb/s. The number of measurementsis
egual to the number of QClIs plus a possible sum value identified by the .sum suffix.

The measurement name has the form DRB.PdcpSduBitrateD].QCI
where QCI identifies the SAE Bearer level quality of service class.
HeNB

Valid for packet switched traffic

EPS

4.25.2 Average UL cell PDCP SDU bit-rate

a)

b)

d)

€)

This measurement provides the average cell bit-rate of PDCP SDUs on the uplink. This represents successful
transmissions of user plane traffic; control signalling and retransmissions are excluded from this measure. The
measurement is split into subcounters per SAE Bearer QoS level (QCI).

CcC
This measurement is obtained according to the Scheduled IP Throughput definitionin TS 36.314 [8].

Each measurement is an integer value representing the bit-rate measured in kb/s. The number of measurementsis
equal to the number of QCls plus a possible sum value identified by the .sum suffix.

The measurement name has the form DRB. PdcpSduBitrateUl.QCI
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f)

where QCI identifies the SAE Bearer level quality of service class.

HeNB

g) Vadlid for packet switched traffic

h)

EPS

4253 Maximum DL cell PDCP SDU bit-rate

a)

b)
c)
d)
€)
f)
9)
h)

This measurement provides the maximum cell bit-rate of PDCP SDUs on the downlink. This represents the
maximum ingress rate of user plane traffic to the HeNB (via S1). Thisis a sum counter measured across all
QCls.

S

This measurement is obtained according to the Scheduled 1P Throughput definitionin TS 36.314 [§].
A single integer value representing the maximum bit-rate measured in kb/s.
DRB.PdcpSduBitrateDIMax

HeNB

Valid for packet switched traffic

EPS

4254 Maximum UL cell PDCP SDU bit-rate

a)

This measurement provides the maximum cell bit-rate of PDCP SDUs measured on the uplink. This represents
successful transmissions of user plane traffic; control signalling and retransmissions are excluded from this
measure. Thisis asum counter measured across all QCls.

S

This measurement is obtained according to the scheduled |P throughput definitionin TS 36.314 [8].
A single integer value representing the maximum bit-rate measured in kb/s.
DRB.PdcpSduBitrateUIMax

HeNB

Valid for packet switched traffic

EPS

4.2.6 Measurements related to Packet Delay and Drop Rate

4.2.6.1 Average DL PDCP SDU delay

a)

b)

©)
d)

€)

This measurement provides the average (arithmetic mean) PDCP SDU delay on the downlink. The measurement
is split into subcounters per ERAB Bearer QoS level (QCI).

DER (n=1)
This measurement is obtained according to the definitionin TS 36.314 [8].

Each measurement is an integer value representing the mean delay in ms. The number of measurementsis equal
to the number of QCIs plus a possible sum value identified by the .sum suffix.

The measurement name has the form DRB.PdcpSduDelayDI.QCI

where QCI identifiesthe ERAB Bearer level quality of service class.
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f)

HeNB

g) Validfor packet switched traffic

h)

EPS

4.2.6.2 DL PDCP SDU drop rate

a)

b)

d)

€)

This measurement provides the fraction of | P packets (PDCP SDUs) which are dropped on the downlink. Only
user-plane traffic (DTCH) is considered. A dropped packet is one whose context is removed from the HeNB
without any part of it having been transmitted on the air interface. Packets discarded during handover are
excluded from the count. The measurement is split into subcounters per ERAB Bearer QoS level (QCI).

Sl

This measurement is obtained according to the definitionin TS 36.314 [8]. Separate counters are maintained for
each QCI. In case only a subset of per QCl measurements is supported, a drop rate subcounter calculated across
all QClswill be provided first.

Each measurement is an integer value representing the drop rate multiplied by 1E6. The number of
measurementsis equal to the number of QCIs plus a possible sum value identified by the .sum suffix.

The measurement name has the form DRB.PdcpSduDropRateDI.QCI

where QCI identifies the target ERAB Bearer level quality of service class.

f)
9)
h)

HeNB
Valid for packet switched traffic
EPS

4.2.7 Measurements related to Packet Loss Rate

4271 DL PDCP SDU air interface loss rate

a)

b)

©)

d)

€)

This measurement provides the fraction of |P packets (PDCP SDUs) which are lost (not successfully transmitted)
on the downlink air interface. Only user-plane traffic (DTCH) is considered. A lost packet is one whose context
isremoved from the HeENB after an attempt has been made to transmit part or all of the packet on the air
interface but the whole packet has not been successfully transmitted. The measurement is split into subcounters
per ERAB Bearer QoS level (QCI).

Sl

This measurement is obtained according to the definition in TS 36.314 [8]. Separate counters are maintained for
each QCI. In case only a subset of per QCl measurements is supported, aloss rate subcounter calculated across
al QClswill be provided first.

Each measurement is an integer value representing the air interface loss rate multiplied by 1E6. The number of
measurementsis equal to the number of QCIs plus a possible sum value identified by the .sum suffix.

The measurement name has the form DRB. PdcpSduAirL ossRateDI.QCI

where QCI identifies the target ERAB Bearer level quality of service class.

f)

HeNB

g) Validfor packet switched traffic

h)

EPS
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4.2.7.2 UL PDCP SDU loss rate

a) This measurement provides the fraction of | P packets (PDCP SDUs) which are lost (not successfully received)
on the uplink. Only user-plane traffic (DTCH) and only PDCP SDUs that have entered PDCP (and given a
PDCP sequence humber) are considered. The measurement is split into subcounters per ERAB Bearer QoS level

(QCI).
b) Sl

¢) This measurement is obtained according to the definition in TS 36.314 [8]. Separate counters are maintained for
each QCI. In case only a subset of per QCl measurements is supported, aloss rate subcounter calculated across
al QClswill be provided first.

d) Each measurement is an integer value representing the loss rate multiplied by 1E6. The number of measurements
isequal to the number of QCls plus a possible sum value identified by the .sum suffix.

€) The measurement name has the form DRB.PdcpSdul ossRateUl.QCI
where QCI identifies the target ERAB Bearer level quality of service class.
f) HeNB

g) Validfor packet switched traffic

h) EPS

4.2.8 Measurements related to Radio Resource Usage

4.2.8.1 DL Total PRB Usage

a) This measurement provides the total usage (in percentage) of physical resource blocks (PRBS) on the downlink
for any purpose.

b) Sl

¢) This measurement is obtained according to the definition in 3GPP TS 36.314 [8].
d) A singleinteger value from 0 to 100.

€) RRU.PrbTotDI, which indicates the DL PRB Usage for all traffic.

f) HeNB.

g) Valid for packet switched traffic.

h) EPS.

4.2.8.2 UL Total PRB Usage

a) This measurement provides the total usage (in percentage) of physical resource blocks (PRBS) on the uplink for
any purpose.

b) Sl

¢) This measurement is obtained according to the definition in 3GPP TS 36.314 [8].
d) A singleinteger value from 0 to 100.

€) RRU.PrbTotUI, which indicates the UL PRB Usage for all traffic

f) HeNB

g) Valid for packet switched traffic

h) EPS
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4.2.8.3 Average number of active UEs on the DL

a) This measurement provides the average number of UEs that have DTCH data queued on the downlink. The
measurement is split into subcounters per E-RAB QoS level (QCI).

b) Sl

¢) Thismeasurement is obtained according to the definition in 3GPP TS 36.314 [8]. Separate counters are
maintained for each QCI.

d) Each measurement is an integer value. The number of measurementsis equal to the number of QClsplusa
possible sum value identified by the .sum suffix.

€) The measurement name has the form
DRB.UEActiveDI.QCI
where QCI identifies the E-RAB level quality of service class.

f) HeNB
g) Vadlid for packet switched traffic
h) EPS

4.2.8.4 Average number of active UEs on the UL
a) This measurement provides the average number of UEs that have DTCH data queued on the uplink.
b) Sl

¢) Thismeasurement is obtained according to the definition in 3GPP TS 36.314 [8]. Separate counters are
maintained for each QCI.

d) Each measurement is an integer value. The number of measurementsis equal to the number of QClsplusa
possible sum value identified by the .sum suffix.

€) The measurement name has the form
DRB.UEActiveUl.QCI
where QCI identifies the E-RAB level quality of service class.

f) HeNB
g) Vadlid for packet switched traffic
h) EPS
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Annex A: Use cases for performance measurements
definition

A.1  Use case of the SCTP signalling measurements

In order to avoid the overload of HENB-GW, SCTP signaling measurements data will be combined with HeENB-GW
user plane measurement data to reflect load status on HeENB-GW. When HeNB GW is present in HeNS, it isfairly a
straightforward way to collect such performance data from HeENB GW. Especially, operators deploy a dedicated HENS
management system.

In addition, the ratio of signaling to data bandwidth usage is very useful to monitor some abnormal events, such asif the
ratio of them istoo high, some unusual events are possible happened. Therefore, the operator could analyze whether
some problems exist in the network or not, and may find out root-causes leaded to the bad conditions, finally resolve the
problems.

A.2  Use case of HeNB-GW user plane measurements

HeNB-GW user plane related measurements are used to measure data volume on Sl interface including incoming and
outgoing of data packets and octets for GTP-U. When HeENB GW is present in HENS, it isfairly a straightforward way
to collect such performance data from HeNB GW. Especially, operators deploy a dedicated HeNS management system.

Based on that, the measurements are useful to analyze data volumes and vel ocity from HeNB-GW point-of-view. If the
data volume is too high, more interface bandwidth should be deployed, or HENB-GW load balance should be
considered. If data velocity istoo high, the packet forwarding capacity of HeNB-GW should be enhanced to avoid data
congestion.

In addition, HeNB-GW user plane related measurements could be together with other performance measurements to
analyze network performance to find out the abnormal events.

A.3  CSG service related performance

A Closed Subscriber Group identifies subscribers of an operator who are permitted to access one or more PLMN cells
which have restricted access. It isanew added feature in HeNB to facilitate the provisioning of new service. The
collection of CSG related performance on HENB level could clearly reflects the status of delivered service for each
subscriber. In addition to this, HeNB is an exclusive signalling terminator on the HeNS side when HeNB GW is absent.
Therefore, it is necessary to capture the CSG performance data on HeNB level.

By calculating these parameters relating to CSG service, the operator can obtain the mean number of CSG UEs and the
successful rate of inbound mobility for UEs. The mean number of CSG UEs indicates how many users accessing the
CSG service, which isakey performance for service utilization. The successful rate of inbound mobility for UES
performs akey indicator of CSG service accessibility. Aslow handover success rate will impact user experience, itis
important to define measurements to capture handover success rate. Furthermore, detailed analysis of handover failures
is essential to know what causes the handovers.

Based on these indicators, the operator can optimize the service coverage and enhance the user experience.

A.4  RRC related performance

RRC relevant performance parameters are essential to evaluate the radio link quality. Especially, aHeNB isakind of
CPE. Depending on HeNB trail experience, there might be serious interference happened between HeNB cell and
Macro Cell. The collection of RRC performance on each HENB could directly to indicate radio link quality. The
collection of RRC performanceis also helpful for operator to locate the root causes if there is service faults are
occurred.
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Based on that, these measurements are useful for drawing connection rate and drop rate of HeENB system. Both rates
reflect connectivity and continuity for system services, and also direct key performance indicators of user experience.
By analysing these indicators, the operator can keep track of the network as well as enhance user experience.

A.5 E-RAB related performance

E-RAB management procedure includes E-RAB Setup procedure and E-RAB Release Request procedure. The purpose
of the E-RAB Setup procedure is to assign resources on Uu and Sl for one or several E-RABs and to setup
corresponding Data Radio Bearers for a given UE. Based on the E-RAB level QoS parameters |E the HeNB shall
establish a Data Radio Bearer and allocate the required resources on Uu. If E-RABs are failed to be established, the
involved services may fail. Therefore, the collection on per E-RAB QCI will give operators important indications
whether a particular service typeis running well or not. Especially, operators deliver some new feature services to
customers.

During daily maintenance of network, measurements regarding E-RAB establishment and release are useful for
operators to evaluate E-RAB management procedures, to analyze failure reasons of E-RAB establishment and to
analyze the causes of E-RAB release. In addition, the E-RAB performance data on per QCI could give operators
possibilities to assess the quality of specific service.

Based on that, these measurements are useful for drawing connection rate and drop rate of HeNB system. Both rates
reflect connectivity and continuity for system services, and also direct key performance indicators of user experience.
By analysing these indicators, the operator can keep track of the network as well as enhance user experience.

A.6  Handover related performance

In telecommunications, the term handover refers to the process of transferring an ongoing call or data session from one
channel connected to the core network to another, which can be categorized according to RATS.

During daily maintenance of network, it is essential in network operations to follow the success rate of various
handover. Low handover success rate will impact user experience, therefore it isimportant to define measurements to
follow handover successrate.

By calculating these parameters, we can obtain the success rate of handovers for UEs, both eNBs and inter-RAT related.
All these parameters are direct key indicators of service connectivity and also useful for operators to evaluate handover
procedures and analyze failure reasons. To go for further analysis of handover failures, it is also essentia to know what
causes the handovers. By analysing these indicators, the operator can inspect the network as well as enhance user
experience.

A.7  Radio bearer QoS related performance

A fundamental measure of QoS is the throughput (data rate) of the cell. Thetotal cell throughput measured across all
radio bearers gives an indication of the loading and activity inthe cell. Adding aper QCI counter allows the loading on
the different QCls to be measured. For example, if QCI 1 is used exclusively for Vol P then the loading of
conversational speech can be directly determined. The maximum throughput can indicate to the operator whether there
is enough capacity in the network. Separate counters should be configured on the downlink and uplink. The PDCP SDU
bit-rate helps to evaluate the usage of bandwidth and radio resource. Operators could perform network optimization
based on the throughput statistics. Hence it isimportant to monitor the total cell throughput.

A.8 Packet delay, drop rate and loss rate related
performance

Latency is of prime concern for some services, particularly conversational services like speech and instant messaging.
A counter is added to measure the mean delay for 1P packets incurred within the HeNB. Separate counters are provided
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per QCI which are particularly useful when the QCI is used by very few services and the packet sizesvary little. Itis
only practical to measure packet delays on the downlink.

When acell is heavily loaded congestion can take place. When congestion is not severe the impact istypically the
incurrence of additional delay for non-GBR radio bearers. However, when congestion is severe the HeNB may be
forced to discard packets. It isimportant for the operator to have visibility of packet discard so that corrective action
can be ingtigated (for example, by adjusting admission control settings in the network). It isonly practical to measure
packet discards on the downlink. Packet discards on handover should not be included in the count.

The downlink air interface packet loss can be directly compared with the PELR value of a QCI to seeif the packet loss
(over the air interface) aspect of quality of serviceisbeing met within the cell. On the downlink this measurement can
be added to the congestion losses (see DL packet drop rate) to determine the total packet loss rate at the HENB.
Consequently, the downlink useful bit-rate can be estimated by scaling the measurement of the downlink PDCP ingress
bit-rate by (1 — DL packet drop rate) (1 — air interface packet loss rate).

The uplink air interface packet loss rate (per QCI) can be compared directly with the PELR defined for that QCI. An
estimate of the uplink air interface packet loss may be provided by the “Uplink PDCP SDU lossrate”. Thisuplink
measurement is based on PDCP sequence numbers and cannot precisely measure the air interface losses. Any packets
discarded by the UE within the protocol stack (i.e. at layer 2) are also counted since they will have been given a PDCP
sequence number. Discards at layer 3 are not counted.

A.9 Monitor of resource utilisation

PRB Usage

The resource utilisation, measured in terms of physical resource blocks (PRBS), is a useful measure of whether acell is
generally lightly loaded or not. Loading isakey input to network capacity planning and and coverage/placement
determination and trending [9].

Active UEs
The number of the average connected usersin each cell is valuable information for operators to know the usage of the

cell and how heaviliy loaded it is. This kind of information can help understand the capacity and coverage needs and
growth planning [9].
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