ETS| TS 136 305 V11.1.0 (2012-10)

:
ETSI7___ )
] B N\ .///\

& =

Technical Speéification

LTE;
Evolved Universal Terrestrial Radio
Access Network (E-UTRAN);
Stage 2 functional specification of User Equipment (UE)
positioning in E-UTRAN
(3GPP TS 36.305 version 11.1.0 Release 11)

GY Llte

A GLOBAL INITIATIVE



3GPP TS 36.305 version 11.1.0 Release 11 1 ETSI TS 136 305 V11.1.0 (2012-10)

Reference
RTS/TSGR-0236305vb10

Keywords
LTE

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 - NAF 742 C
Association a but non lucratif enregistrée a la
Sous-Préfecture de Grasse (06) N° 7803/88

Important notice

Individual copies of the present document can be downloaded from:
http://www.etsi.org

The present document may be made available in more than one electronic version or in print. In any case of existing or
perceived difference in contents between such versions, the reference version is the Portable Document Format (PDF).
In case of dispute, the reference shall be the printing on ETSI printers of the PDF version kept on a specific network drive
within ETSI Secretariat.

Users of the present document should be aware that the document may be subject to revision or change of status.
Information on the current status of this and other ETSI documents is available at
http://portal.etsi.org/tb/status/status.asp

If you find errors in the present document, please send your comment to one of the following services:
http://portal.etsi.org/chaircor/ETSI_support.asp

Copyright Notification

No part may be reproduced except as authorized by written permission.
The copyright and the foregoing restriction extend to reproduction in all media.

© European Telecommunications Standards Institute 2012.
All rights reserved.

DECT™, PLUGTESTS™, UMTS™ and the ETSI logo are Trade Marks of ETSI registered for the benefit of its Members.
3GPP™and LTE™ are Trade Marks of ETSI registered for the benefit of its Members and
of the 3GPP Organizational Partners.
GSM® and the GSM logo are Trade Marks registered and owned by the GSM Association.

ETSI


http://www.etsi.org/
http://portal.etsi.org/tb/status/status.asp
http://portal.etsi.org/chaircor/ETSI_support.asp

3GPP TS 36.305 version 11.1.0 Release 11 2 ETSI TS 136 305 V11.1.0 (2012-10)

Intellectual Property Rights

IPRs essential or potentially essential to the present document may have been declared to ETSI. The information
pertaining to these essential IPRs, if any, is publicly available for ETSI member s 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 Web

server (http://ipr.etsi.org).
Pursuant to the ETSI IPR Palicy, no investigation, including I PR searches, has been carried out by ETSI. No guarantee

can be given asto the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web
server) which are, or may be, or may become, essential to the present document.

Foreword
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, UMTS identities or
GSM identities. These should be interpreted as being references to the corresponding ETSI deliverables.

The cross reference between GSM, UMTS, 3GPP and ETS! identities can be found under
http://webapp.etsi.org/key/queryform.asp.

ETSI


http://webapp.etsi.org/IPR/home.asp
http://webapp.etsi.org/key/queryform.asp

3GPP TS 36.305 version 11.1.0 Release 11 3 ETSI TS 136 305 V11.1.0 (2012-10)

Contents

INtellectual Property RIGNES.... ..ottt b e b nr e nen e 2
0 Yo (o SRS 2
0= 11 o SOOI 6
1 o010 PR 7
2 L= £ 101 7
3 Definitions and @DDreVIELIONS...........ooveieieirier ettt ne e 8
31 D= T aT] (0] TP PR PR UPTPRUSUSII 8
3.2 ADDIEVIBLIONS ...ttt b b h e h et e e s e e e b e e bt e bt eh e e e et sheeb e e Rt e he e e e e e besheebenaeeneennen 8
4 Main CONCEPLS AN FEOUITEIMIENTS. .....c..eveeeeeeeeeieeie sttt ss e se e e s e st b e se e s e sress e s e e e e eseesesseeneseennenneneas 9
4.1 ASSUMPLIONS N GENEIATTIES ......cueitieetieieet bbbttt b bt b et ne e 9
4.2 Role of UE POSItiONING MEINOUS.......c..ciiiiriiiitirecisiee sttt 10
4.3 Standard UE PoSitioNiNg MELNOAS ........c.coiiiiiiiieiee ettt 11
431 NetwOork-assiSted GNSS MELNOGS...........eierieieieere et e b et sae b e e 11
432 [T Y0 F TS o0 = e o o S 11
433 Enhanced Cell ID MENOUS...........ooiiiieee e e b e e et bt sb e e e 12
434 L0 o)1 Qe 01T o o 1 o 12
5 E-UTRAN UE Positioning AFChItECIUIE............c.ciui ettt sttt reere s 12
51 UE POSItiONING OPEIELIONS.......c.eeuetieetirtieetestetesestesesessese e ssese st saesesessesesessesesesbe s e st sbeseseabe e esesbensesesbeseeneees 13
52 E-UTRAN POSItiONiNG OPEraLiONS. ......cueitiietireieetirteietesteiesse st st ss s essese s s s s s s s s esessessesessesseneenes 14
521 Downlink Position Method SUPPOIT (FFS) .....cooiiiiieereeee e 14
522 Uplink PoSition MethoT SUDPOIT .......cc.ciiiiieieiereeeite ettt bbb 14
5.3 Functional Description of Elements Related to UE Positioning in E-UTRAN ..o 15
531 LS o [UTT o] 1= A (0 1= P 15
532 ENOAE B ... bt h bbb R R e e R R Rt R R e Rt et et e R e bR b et ene e e ennas 15
533 Evolved Serving Maobile Location Centre (E-SIMLC) ......ccceiieieeieie e et se e nae s s 15
534 Location Measurement UNIt (LIMU) ......ooooiieicece et e sttt aeeas e e 15
6 Signalling protocolS and INTEITACES ........c.eeciiiiee e e et sreens 16
6.1 Network interfaces supporting POSitioNiNg OPEraLiONS...........crveeririeieriirieiee s 16
6.1.1 General LCS control plane @arChiteCIUE..........c.coirieiiiieeeste e 16
6.1.2 I I U U g1 = o= TRRN 16
6.1.3 SL-MME INEEITACE ... ettt e b et e h et e e b bt e bt s bt ehe et e b e besbeebesaeens e e ennas 16
6.1.4 S S IMEEITACE ...ttt b bbbt h e a e e bbbt h Rt R e e e bbbt bt ene e res 16
6.1.5 SLM INEEITACE. .. .ottt bbb bt h e h et e b e s bt bt bt ae b e e e et e bbb neeneenenas 16
6.2 L0 ] = g = = oo (oo £ PSR 16
6.2.1 LTE Positioning ProtOCO! (LPP) .....cvi ottt ettt nae et teeteennesnee e 16
6.2.2 Radio ResoUrce Control (RRC) .....cueiieiieiie sttt teste e s saeesaeeaeesaeeseessaesteesteenseenseeneesneesnes 17
6.3 ENB-LErMINALEA PIrOLOCOIS ...ttt ettt b et b et b e ettt b b 17
6.3.1 LTE Positioning ProtoCol ANNEX (LPPa)........ccuietririeinierieeeie sttt st s 17
6.3.2 S1 Application ProtoCOl (SL-AP).....co.o ettt bbb e besrennene 18
6.4 Signalling between an E-SMLC NG UE...........coo ittt bbb 18
6.4.1 PrOtOCOI LAYEITNG ...ttt ettt sttt b e bt b s et b e e e bt b e ss et b e se et ebenb et eb e st 18
6.4.2 LPP PDU TrANSFEN ...ttt bbbkt b ket bt ne b e bt nnen e 18
6.5 Signalling between an E-SMLC and eNOUE B .........ooeiiieiieiee e 19
6.5.1 L )0 Te o IR Y < T oo P 19
6.5.2 LPPaPDU Transfer for UE POSITIONING .......c.ccuiiieiieiecie et e et sae et e eae s e e 20
6.5.3 LPPaPDU Transfer for POSItIONING SUPPOIT.........cueiierieeieeiesieseeseeseeseeesteeaeseesseessees e esseessessessssneesnes 21
6.6 LMU-terminaled ProtOCOIS. ... ..ccuueiieieeieee et se ettt et e e st e s e saeesreeteenteensessaessaesseenseeseensenneennns 21
6.6.1 SLm Application ProtoCol (SLIMAP) .......coiiiierc ettt s b e e eb e seene 21
6.7 Signalling between an E-SMLC aNA LMU ..o 21
6.7.1 PrOtOCOI LAYEITNG ...ttt sttt sttt b e et b e et b e et bess et b e e et ebenb et eb e et 21
7 General E-UTRAN UE POSItiONiNG PrOCEAUNES..........cceriirierieriesresieeeeeessesse st sseseeeee e s s s snennas 22

ETSI



3GPP TS 36.305 version 11.1.0 Release 11 4 ETSI TS 136 305 V11.1.0 (2012-10)

7.1 General LPP procedures for UE POSITIONING ........uecieiiieieeiesiesieeesie e seeseeestsssaeseesneesseenssessssssessssssssssessses 22
711 LPP PIOCEOUIES.......c.eeteiteeieeeet sttt ettt bbbt se bt a e e b et et et e ee e bt eb e eb e e seese e e e ne e besbeebeeneennenens 22
7.1.2 POSITIONING PrOCEOUIES. ... ceiueeitieite et cee et e st ettt teeteesaesteesteesteeseeeesseesseease e seenseessessensteesseesseenseensesneennes 22
7121 (0= o= o ] LY 1= = TS 22
7122 ASSISIANCE AAIATIANSTEN ...ttt et b et b et e e bbb ae b e e e e e 23
7123 LoCation iNfOrmMation trANSFEN .........ccueiiie it sb et et e bbb e ee e 24
7124 MUILIPIE TrANSACTIONS. ......veectiiteeetere ettt etttk b e bt b e b sb et b e et ebese e e ebesbe e ebesbennenen 25
7125 SEQUENCE OF PIrOCEAUIES ...ttt bbbt et b et b e nn e 26
7126 ErTOr NANAIING ...ttt b et b e et b e e e b e et bt e e b b e ere 26
7.1.2.7 2N o OO TSOSRRPRROIO 26
7.2 General LPPa Procedures for UE POSITIONING .........cciiiiririeinie sttt sttt 27
721 LPPA PIOCEAUIES. ..ottt sttt ettt b et e e ek bt b et et e e e se e bt sheeb e e aeese et e e e besbesbeeneenneeens 27
7.2.2 I RS Tot 0] Y 0TS 27
7221 LoCation iNfOrmMation trANSFEN .........cceiiieiieere et sb et e b et sbe e e e 27
7.3 Service Layer Support using combined LPP and LPPa ProCedUIeS...........cocveieeiieieese e 28
731 NI-LR @nd MT-LR SErViCe SUPPOIT .....ccueieeieeieesieeite et eteetesseesseesseesseessesssssssesssesseassesssesssessesssessssssesnes 28
7.3.2 MO-LIR SEIVICE SUPPOIT ... ccueeeteesieesieeteeteseesteseesteesseeteeteestesseesseesseesseesseasssanessssessesssesssesssenssenssesnsssneesnes 29
7.4 General SLMAP Procedures for UE POSItIONING. .......c..couiirieiririeesesiee sttt 30
74.1 S I N e 0000 1SS 30
7411 MEBSUIEMENT FEOUESL ..ottt s s e s s s s esreesreesneas 30
7412 SRS Configuration UPAELE..........c..eeruirieiiriiieieriiet ettt 30
7413 M EBSUMEMENT ADONT...... ettt sttt ae et e st eesbesaeeae e e eneeseesaesbesaeeseenseneeseessesneeneeneans 31
75 Service Layer Support using combined SLMAP and LPPa ProCedUIeS............cocoveirirenenenenese e 31
751 NI-LR @nd MT-LR SErViCe SUPPOIT .....ccueieeieeieesitestteteeteetesseesseesteesseesseasssssesssessesssesssesssesssesssesnssssesnes 31
75.2 O T I S oS o oo S 32
8 Positioning methods and SUPPOrting PrOCEAUNES............coeeviiiceece ettt ere s 33
8.1 GNSS POSItiONING MELNOOS . ....cveeeteeiereete ettt et b et b e b e s b e et b e et ebenn e 33
811 (€71 OSSR 33
8.1.2 Information to be transferred between E-UTRAN El@MENtS.......ccooieieieriiereieeeee e 34
8121 Information that may be transferred fromthe E-SMLC O UE ... 34
81211 RS == 1o 0 0= P 34
8.1.21.2 RS (== aTer oo [ o] o ST 34
8.1.2.1.3 [KoTal0 1S o] 1= g o 1Y/ Koo = 34
81214 Earth Orientation ParameLers...... ..ot e 35
8.1.2.15 GNSS-GNSS TimME OFf SBES ....euectiieiieiiriiie sttt st e e st ne e sbe st eee 35
81216 Differential GNSS COITECLIONS. ........couereeeeieriesie ettt se e sb et e et e b et ese e e s 35
8.1.2.1.7 Ephemeris and ClOCK MOOEIS.........ouiiiiee ettt e 35
8.1.2.1.8 REAI-TIME INLEOIITY .. uveeeeeeiiesiee ettt e st et e e ete st e saeesreesaeenteessesaeessaesreeseenseeneeeneennns 35
8.1.219 Dz = 2 NS o SR 35
8.1.2.1.10 ACQUISITION ASSISEAINCE ...ttt sttt sttt sttt b b e bt bt eb e sa e e b sb et e e ebesae e ebesbeneeneas 35
812111 N 1= 7= oS 35
812112 LU O 1V oo L= TSR 35
8122 Information that may be transferred fromthe UE t0 E-SMLC .......ccooi i 35
81221 GNSS Measurement INFOrMELION .........couiiiiie e e sb e s een 36
812211 UE-DESEO MOE.......eeceeeeeeiee ettt e bbb et st ene e e 36
812212 UE-BSSISIEH MOUE ...ttt sttt sttt sttt et ens 36
81222 Additional Non-GNSS Related INfOrmMation.............ooeieiereeieieeere e 36
8.1.3 Assisted-GNSS POSItIONING PrOCEAUIES...........coiiiieecee ettt te et s sre e eesnaesnaesneennees 36
8131 Capability Transfer PrOCEAUIE .........c.eoiieeee ettt e e ee e enaesnaesneennees 36
81311 RV oo TSRS 37
8.1.3.2 Assistance Data Transfer PrOCEAUIE..........cciiieeeeeiererese ettt ae e seesbesaeere e e eneees 37
81321 E-SMLC initiated ASSiStanCce Dala DElIVENY .......cooueiiirieiririeeieseee et 37
8.1.3.2.2 UE initiated AsSistance Data TranSfer..... ..o e 37
8.1.33 Location Information Transfer PrOCEAUIE...........ooeiieieeese ettt 38
8.1.331 E-SMLC initiated Location Information Transfer Procedure............ccoovereiiiinienienenese e 38
8.1.3.3.2 UE-initiated Location Information Delivery Procedure...........ccooveevieereeseese e see s 38
8.2 Downlink positioNiNg MELNOM ..........ccuiiiei e et e s e s te e re e reenreeneesneesnes 39
821 (C= 0T o O SPPSPSSN 39
8.22 Transferred INFOIMELTON.........couiiiii et s e bbbt e b e e et b e b s aeene e e e e e 39
8221 Assistance Data that may be transferred fromthe E-SMLC to UE........cccco e veeve e 39
8.2.2.2 Assistance Data that may be transferred from the eNodeB to E-SMLC ... veeveece e 39

ETSI



3GPP TS 36.305 version 11.1.0 Release 11 5 ETSI TS 136 305 V11.1.0 (2012-10)

8.2.2.3 Location Information that may be transferred from the UE t0 E-SMLC........c.cccvevevieciccvcece e, 40
8.2.3 Downlink POSItioNiNG ProCEAUNES............cceiieiieie i sieseesee s tesee e e saeesteeae e e sneesse e teense e seensesneesnnesnes 40
8.23.1 Capability Transfer PrOCEAUIE .........ceocieece ettt e sa e e e esae e snaesnaennees 40
8.2.3.1.1 LYoo ST SSTPORPSRPRSN 40
8.2.32 Assistance Data Transfer PrOCEAUIE..........c.oiii ittt st e 40
82321 Assistance Data Transfer between E-SMLC and UE ..o 40
823211 E-SMLC-initiated assisStance data Qe IVENY ..o s 40
8.23212 UE-initiated assistance data transfer....... ..o e 41
8.2.32.2 Assistance Data Delivery between E-SMLC and eNOUEB ...........cocceiireinenieieneneese e 41
823221 LYoo SR 41
823222 E-SMLC-initiated assistance data delivery to the E-SMLC ... 41
8.233 Location Information Transfer PrOCEAUIE............coeiieieieiere et 42
82331 E-SMLC-initiated Location INformation TranSfer ..o 42
8.2.33.2 UE-initiated Location Information Delivery proCedUre ..........covveeveeeeeeseee e 42
8.3 Enhanced cell ID positioning MELNOGS..........coccui it 43
8.3.1 (CT= 0T o SO PRSP 43
832 Information to be transferred between E-UTRAN El@MENtS.......ccociiiiirinineieeeee e 43
8321 Information that may be transferred fromthe E-SMLC O UE ..o 43
8322 Information that may be transferred fromthe UE t0 E-SMLC ..o 43
8.3.23 Information that may be transferred from the eNodeB to E-SMLC.........cccooiiieineniie e 44
833 Downlink E-CID PoSitioniNg PrOCEOUIES........c.coirieiiieieerieeete sttt 44
8331 Capability Transfer PrOCEAUIE .........co.ciiirieieie ettt 44
8.331.1 V2o o DO 44
8.3.3.2 Assistance Data DEliVErY ProCEAUIE..........cccueiue e see et ae st e e et saesee e e sneesneeseenneens 44
8.3.33 Location Information Transfer PrOCEAUIE............coeiieieieiere et 44
83331 E-SMLC-initiated Location INformation TranSfer ..........ccevereiinineneseeeeee e 44
8.3.33.2 UE-initiated Location Information Delivery proCeUre ..........covvecveeeeieseeeee e see e s 45
834 Uplink E-CID POSItioNing PrOCEAUIES...........cciiiieiicie ettt sttt ssae e s teeteenesnee e 45
8.34.1 Position Capability Transfer PrOCEAUIE ...........cceciecieeiece ettt et e e sreennees 46
8342 Assistance Data DeliVErY PrOCEAUIE..........coiiiiiieee ettt s 46
8.34.3 POSition MeasuremMent PrOCEAUNE............oiieieeeieiereee sttt st et e e see e see e e se e beseessesneeneeneens 46
83431 E-SMLC-initiated PoSitioN MEASUIEIMENE .........ceieiueeieieie ettt e e es 46
8.4 Downlink SUPPOITING PrOCEAUNES........c..ciiuiieiirtiieieetere ettt se bt e e bbbt e ns 47
84.1 (€71 O RS 47
84.2 Location Related INFOMMIBLION ..........eoieierieie ettt sb e e e e et saesb e e e enneneea 47
8.4.3 Location Related Information ACQUISITION ProCEAUNE ..........cceeieeieecee e ee e et 47
8431 ON DEMEANG PrOCEAUIE ......c.eiitiiieieeeeieste sttt sttt se et bbbt it e se e e e e bt ebe e e enneneens 47
8.4.3.2 TriQUEred PrOCEAUIE.........eeieeiecece ettt ettt et a et et e e e et e saeesreesaeenseeneeenseensennaesreeseens 47
8.5 Uplink positioning MELNOQ.............ooiiieece e e e e teetesreesreesaeesneenseenseens 48
85.1 (C= 0T o O SPPSPSSN 48
8.5.2 B 0 = 0= o M ) o 7= o o TSRS 48
8521 Configuration Data that may be transferred from the eNodeB to the E-SMLC........cccooviiiiiiiiceieenne 49
8.5.22 Configuration Data that may be transferred fromthe E-SMLCtoO LMU ..o 49
85.2.3 Location Information that may be transferred fromthe LMU t0 E-SMLC.......cocooieiiiiiiienireeeene 50
853 Uplink POSItIONING PrOCEAUIES ........c.oiuiieieitereee sttt sttt ettt st bt 50
8531 Uplink Information Reguest and Delivery ProCeaUre...........c.ccviiieiiirieineneee et 50
8.5.3.2 Uplink Positioning Information Update ProCeAUIE.............cevueiieiee s 51
Annex A (informative): DefinitioNS and TEMIS .....c.oviiiieieeeeeeee e 52
Annex B (informative): USe Of LPP WIth SUPL ...ttt 53
B.1 SUPL 2.0 Positioning Methods and Positioning ProtOCOIS. .........ccveeeriiiene e 53
B.2 SUPL 2.08nd LTE AICNITECUIE.........cocuiiiiiciciiciiic b 54
B.3 LPP session procedureS USING SUPL .......ccoieiiiiicieiie ettt st a e st s testeenne st sneenesneens 55
B.4 Procedures combining C-plane and U-plane Operations ...........cccoveeeirirenesenesieseeeee e 56
Annex C (informative): ChangE hiStOrY ....oc.eociiiecece e e 58
[ 1T (TSP PP PR TR 59

ETSI



3GPP TS 36.305 version 11.1.0 Release 11 6 ETSI TS 136 305 V11.1.0 (2012-10)

Foreword
This Technical Specification 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.
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1 Scope

The present document specifies the stage 2 of the UE Positioning function of E-UTRAN, which provides the
mechanisms to support or assist the calculation of the geographical position of a UE. UE position knowledge can be
used, for example, in support of Radio Resource Management functions, as well as location-based services for
operators, subscribers, and third-party service providers. The purpose of this stage 2 specification isto define the E-
UTRAN UE Positioning architecture, functional entities and operations to support positioning methods. This
description is confined to the E-UTRAN Access Stratum. It does not define or describe how the results of the UE
position calculation can be utilised in the Core Network (e.g., LCS) or in E-UTRAN (e.g., RRM).

UE Positioning may be considered as a network-provided enabling technology consisting of standardised service
capabilities that enable the provision of location applications. The application(s) may be service provider specific. The
description of the numerous and varied possible location applications which are enabled by this technology is outside
the scope of the present document. However, clarifying examples of how the functionality being described may be used
to provide specific location services may be included.

This stage 2 specification covers the E-UTRAN positioning methods, state descriptions, and message flows to support
UE Positioning.

2 References

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

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

o For aspecific reference, subsequent revisions do not apply.

e 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 TR 21.905: "Vocabulary for 3GPP Specifications'.

[2] 3GPP TS 23.271: "Functional stage 2 description of Location Services (LCS)"

[3] 3GPP TS 22.071: "Location Services (LCS); Service description, Stage 1".

[4] 3GPP TS 23.032: "Universal Geographical Area Description (GAD)".

[5] 3GPP TS 36.306: "Evolved Universal Terrestrial Radio Access (E-UTRA); "User Equipment (UE)
radio access capabilities’.

[6] IS-GPS-200, Revision D, Navstar GPS Space Segment/Navigation User Interfaces, March 7",
2006.

[7] IS-GPS-705, Navstar GPS Space Segment/User Segment L5 Interfaces, September 22, 2005.

[8] I|S-GPS-800, Navstar GPS Space Segment/User Segment L1C Interfaces, September 4, 2008.

[9] Galileo OS Signal in Space ICD (OS SIS ICD), Draft 0, Galileo Joint Undertaking, May 23",
2006.

[10] Global Navigation Satellite System GLONASS Interface Control Document, Version 5, 2002.

[17] IS-QZSS, Quasi Zenith Satellite System Navigation Service Interface Specifications for QZSS,

Ver.1.0, June 17, 2008.

[12] Specification for the Wide Area Augmentation System (WAAS), US Department of
Transportation, Federal Aviation Administration, DTFAQ01-96-C-00025, 2001.
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[13] RTCM 10402.3, RTCM Recommended Standards for Differential GNSS Service (v.2.3), August
20, 2001.

[14] 3GPP TS 36.331: "Evolved Universal Terrestrial Radio Access (E-UTRA); "Radio Resource
Control (RRC); Protocol specification"”.

[15] 3GPP TS 25.331: " Radio Resource Control (RRC); Protocol Specification™.

[16] 3GPP TS 44.031: "Location Services (LCS); Mobile Station (MS) - Serving Mobile Location
Centre (SMLC) Radio Resource LCS Protocol (RRLP)".

[17] OMA-AD-SUPL-V2_0: "Secure User Plane Location Architecture Draft Version 2.0".

[18] OMA-TS-ULP-V2_0: "UserPlane Location Protocol Draft Version 2.0".

[19] 3GPP TS 23.401: "General Packet Radio Service (GPRS) enhancements for Evolved Universal
Terrestrial Radio Access Network (E-UTRAN) access'.

[20] 3GPP TS 36.214: " Evolved Universal Terrestrial Radio Access (E-UTRA); " Physical layer —
Measurements".

[21] 3GPP TS 36.302: "Evolved Universal Terrestrial Radio Access (E-UTRA); " Services provided by
the physical layer ".

[22] 3GPP TS 25.305: 'Stage 2 functional specification of User Equipment (UE) positioning in
UTRAN'

[23] 3GPP TS 43.059: 'Functional stage 2 description of Location Servicesin GERAN'

[24] 3GPP TR 23.891.: Evaluation of LCS Control Plane Solutions for EPS

[25] 3GPP TS 36.355: "Evolved Universal Terrestrial Radio Access (E-UTRA); LTE Positioning
Protocol (LPP)"

[26] 3GPP TS 24.171: Control Plane Location Services (LCS) procedures in the Evolved Packet
System (EPS)

[27] 3GPP TS 29.171: "Location Services (LCS); LCS Application Protocol (LCS-AP) between the
M obile Management Entity (MME) and Evolved Serving Mobile Location Centre (E-SMLC); SLs
interface”.

3 Definitions and abbreviations
3.1 Definitions

For the purposes of the present document, the terms and definitions given in [1] apply.

As used in this document, the suffixes '-based' and "-assisted refer respectively to the node that is responsible for
making the positioning calculation (and which may also provide measurements) and a node that provides measurements
(but which does not make the positioning calculation). Thus, an operation in which measurements are provided by the
UE to the E-SMLC to be used in the computation of a position estimate is described as 'UE-assisted' (and could also be
called 'E-SML C-based’), while one in which the UE computes its own position is described as 'UE-based'.

Both standalone LMU and LMU integrated into an eNB are supported. As used in this document, LMU refers to both
cases of a standalone LMU and an LMU integrated into an eNodeB unless explicitly mentioned otherwise.

3.2

Abbreviations

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

AOA

Angle of Arrival
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CID Cdll-ID (positioning method)

E-SMLC Enhanced Serving Mobile Location Centre

E-CID Enhanced Cell-1D (positioning method)

ECEF Earth-Centered, Earth-Fixed

ECI Earth-Centered-Inertial

EGNOS European Geostationary Navigation Overlay Service
E-UTRAN Evolved Universal Terrestrial Radio Access Network
GAGAN GPS Aided Geo Augmented Navigation

GLONASS GL Obal'naya NAvigatsionnaya Sputnikovaya Sistema (Engl.: Global Navigation Satellite System)
GMLC Gateway Moabile Location Center

GNSS Global Navigation Satellite System
GPS Global Positioning System
LCS LoCation Services
LCS-AP LCS Application Protocol
LMU Location Measurement Unit
LPP LTE Positioning Protocol
LPPa LTE Positioning Protocol Annex
MO-LR Mobile Originated L ocation Request
MT-LR Mobile Terminated Location Request
NI-LR Network Induced Location Request
PDU Protocol Data Unit
PRS Positioning Reference Signal
QZSs Quasi-Zenith Satellite System
RRM Radio Resource Management
SBAS Space Based Augmentation System
SET SUPL Enabled Terminal
SLP SUPL Location Platform
SUPL Secure User Plane Location
Tapv Timing Advance
UE User Equipment
UTDOA Uplink Time Difference of Arrival
WAAS Wide Area Augmentation System
WGS-84 World Geodetic System 1984

4 Main concepts and requirements

4.1 Assumptions and Generalities

The stage 1 description of LCS at the service level is provided in [3]; the stage 2 L CS functional description, including
the LCS system architecture and message flows, is provided in [2].

Positioning functionality provides a means to determine the geographic position and/or velocity of the UE based on
measuring radio signals. The position information may be requested by and reported to aclient (e.g., an application)
associated with the UE, or by a client within or attached to the core network. The position information shall be reported
in standard formats, such as those for cell-based or geographical co-ordinates, together with the estimated errors
(uncertainty) of the position and velocity of the UE and, if available, the positioning method (or the list of the methods)
used to obtain the position estimate.

Restrictions on the geographic shape encoded within the ‘position information’ parameter may exist for certain LCS
client types. The EPS, including E-UTRAN, shall comply with any shape restrictionsdefined in LTE and, in a
particular country, with any shape restrictions defined for a specific LCS client type in relevant national standards. For
example, in the US, national standard J-STD-036-B restricts the geographic shape for an emergency services LCS client
to minimally either an "ellipsoid point" or an "ellipsoid point with uncertainty circle and confidence" as defined in [4].

It shall be possible for the majority of the UESs (active or inactive) within a network to use the LCS feature without
compromising the radio transmission or signalling capabilities of the E-UTRAN.

The uncertainty of the position measurement shall be network-implementation-dependent, at the choice of the network
operator. The uncertainty may vary between networks as well as from one area within a network to another. The
uncertainty may be hundreds of metresin some areas and only a few metresin others. In the event that a particular
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position measurement is provided through a UE-assisted process, the uncertainty may also depend on the capabilities of
the UE. In some jurisdictions, thereis aregulatory requirement for location service accuracy that is part of an
emergency service. Further details of the accuracy requirements can be found in [3].

The uncertainty of the position information is dependent on the method used, the position of the UE within the coverage
area and the activity of the UE. Several design options of the E-UTRAN system (e.g., size of cell, adaptive antenna
technique, pathl oss estimation, timing accuracy, eNode B surveys) shall allow the network operator to choose a suitable
and cost-effective UE positioning method for their market.

There are many different possible uses for the positioning information. The positioning functions may be used internally
by the EPS, by value-added network services, by the UE itself or through the network, and by "third party" services.
The feature may also be used by an emergency service (which may be mandated or "value-added"), but the location
service is not exclusively for emergencies.

The E-UTRAN isanew radio system design without a pre-existing deployment of 'legacy' UEs operating according to
the radio interface. This freedom from legacy equipment enables the location service feature design to make use of
appropriate techniques to provide the most accurate results. The technique must also be a cost-effective total solution,
must allow evolution to meet evolving service requirements, and must be able to take advantage of advancesin
technology over the lifetime of EFUTRAN deployments.

Design of the E-UTRAN positioning capability as documented in this specification includes position methods, protocols
and procedures that are either adapted from capabilities already supported for UTRAN and GERAN, or created
separately from first principles. The proportion of the latter is higher than if the UTRAN and GERAN capabilities had
been designed to provide forward compatibility to other access types. In contrast to GERAN and UTRAN, the E-
UTRAN positioning capabilities are intended to be forward compatible to other access types and other position
methods, in an effort to reduce the amount of additional positioning support needed in the future. This goal also extends
to user plane location solutions such as OMA SUPL ([17], [18]), for which E-UTRAN positioning capabilities are
intended to be compatible where appropriate.

Asabasis for the operation of UE Positioning in E-UTRAN, the following assumptions apply:
- both TDD and FDD will be supported;

- theprovision of the UE Positioning function in E-UTRAN and EPC is optional through support of the specified
method(s) in the eNode B and the E-SMLC;

- UE Positioning is applicable to any target UE, whether or not the UE supports LCS, but with restrictions on the
use of certain positioning methods depending on UE capability (as defined within the L PP protocol);

- the positioning information may be used for internal system operations to improve system performance;

- the UE Positioning architecture and functions shall include the option to accommodate several techniques of
measurement and processing to ensure evolution to follow changing service requirements and to take advantage
of advancing technology;

- LMU aspects are left for implementation and are not standardized in this release.

4.2 Role of UE Positioning Methods

The EFUTRAN may utilise one or more positioning methods in order to determine the position of an UE.
Positioning the UE involves two main steps:

- signal measurements; and

- Position estimate and optional velocity computation based on the measurements.

The signal measurements may be made by the UE or the eNode B. The basic signal's measured for terrestrial position
methods are typically the E-UTRA radio transmissions; however, other methods may make use of other transmissions
such as general radio navigation signalsincluding those from Global Navigation Satellites Systems (GNSSs).

The positioning function should not be limited to a single method or measurement. That is, it should be capable of
utilising other standard methods and measurements, as such methods and measurements are available and appropriate,
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to meet the required service needs of the location service client. This additional information could consist of readily
available E-UTRAN measurements.

The position estimate computation may be made by the UE or by the E-SMLC.

4.3 Standard UE Positioning Methods

The standard positioning methods supported for E-UTRAN access are:
- network-assisted GNSS methods,
- downlink positioning;
- enhanced cell ID method,;
- uplink positioning.
Hybrid positioning using multiple methods from the list of positioning methods above is also supported.

These positioning methods may be supported in UE-based, UE-assisted/E-SM L C-based, eNB-assisted, and LMU-
assisted/E-SML C-based versions. Table 4.3-1 indicates which of these versions are supported in this version of the
specification for the standardised positioning methods.

Table 4.3-1: Supported versions of UE positioning methods

Method UE-based UE-assisted, E-SMLC- eNB- LMU- SUPL
based assisted assisted/ E-
SMLC-
based
A-GNSS Yes Yes No No Yes (UE-
based and
UE-assisted
Downlink No Yes No No Yes (UE-
assisted)
E-CID No Yes Yes No Yes (UE-
assisted)
Uplink No No No Yes No

43.1 Network-assisted GNSS Methods

These methods make use of UEs that are equipped with radio receivers capable of receiving GNSS signals.

Examples of GNSS include GPS, Modernized GPS, Galileo, GLONASS, Space Based Augmentation Systems (SBAYS),
and Quasi Zenith Satellite System (QZSS).

In this concept, different GNSSs (e.g. GPS, Galileo, etc.) can be used separately or in combination to determine the
location of a UE.

The operation of the network-assisted GNSS methods is described in clause 8.1.

4.3.2 Downlink positioning

The downlink (OTDOA) positioning method makes use of the measured timing of downlink signals received from
multiple eNode Bs at the UE. The UE measures the timing of the received signals using assistance data received from
the positioning server, and the resulting measurements are used to locate the UE in relation to the neighbouring eNode
Bs.

The operation of the downlink positioning method is described in clause 8.2.
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4.3.3 Enhanced Cell ID Methods

Inthe Cell ID (CID) positioning method, the position of an UE is estimated with the knowledge of its serving eNode B
and cell. The information about the serving eNode B and cell may be obtained by paging, tracking area update, or other
methods. Enhanced Cell ID (E-CID) positioning refers to techniques which use additional UE and/or E-UTRAN radio
resource and other measurements to improve the UE location estimate.

Although E-CID positioning may utilise some of the same measurements as the measurement control system in the
RRC protocol, the UE generally is not expected to make additional measurements for the sole purpose of positioning;
i.e., the positioning procedures do not supply a measurement configuration or measurement control message, and the
UE reports the measurements that it has available rather than being required to take additional measurement actions.

In cases with a requirement for close time coupling between UE and eNode B measurements (e.g., TADV type 1 and
UE Tx-Rx time difference), the eNode B configures the appropriate RRC measurements and is responsible for

mai ntai ning the required coupling between the measurements. The operation of the Enhanced Cell ID method is
described in clause 8.3.

4.3.4 Uplink positioning

The uplink (e.g., UTDOA) positioning method makes use of the measured timing at multiple LMUs of uplink signals
transmitted from UE. The LMU measures the timing of the received signals using assi stance data received from the
positioning server, and the resulting measurements are used to estimate the location of the UE.

The operation of the Uplink positioning method is described in clause 8.5.

5 E-UTRAN UE Positioning Architecture

Figure 5-1 shows the architecture in EPS applicable to positioning of a UE with E-UTRAN access.

The MME receives arequest for some location service associated with a particular target UE from another entity (e.g.,
GMLC or UE) or the MME itself decides to initiate some location service on behalf of a particular target UE (e.g., for
an IMS emergency call from the UE) as described in [2]. The MME then sends alocation services request to an E-
SMLC. The E-SMLC processes the location services request which may include transferring assistance data to the
target UE to assist with UE-based and/or UE-assisted positioning and/or may include positioning of the target UE. For
the Uplink method, the E-SMLC processes the location services request which includes transferring configuration data
to the selected LMU(s). The E-SMLC then returns the result of the location service back to the MME (e.g., a position
estimate for the UE and/or an indication of any assistance data transferred to the UE). In the case of alocation service
requested by an entity other than the MME (e.g., UE or E-SMLC), the MME returns the location service result to this
entity.

The SLP isthe SUPL entity responsible for positioning over the user plane. Further details of the relationship of the
user-plane positioning entities to the E-UTRAN control-plane positioning architecture are described in Annex B.

Proprietary
SLP - interface --| E-SMLC [SLm- LMU
possible
of
Q\/\o?f‘)‘
o0 N SLs
SET [
LMU
UE LTE-Uu eNode B S1 MME

Figure 5-1: UE Positioning Architecture applicable to E-UTRAN
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5.1 UE Positioning Operations

To support positioning of atarget UE and delivery of location assistance datato a UE with E-UTRAN accessin EPS,
location related functions are distributed as shown in the architecture in Figure 5-1 and as clarified in greater detail in
TS 23.271[2]. The overall sequence of events applicable to the UE, E-UTRAN and E-SMLC for any location serviceis
shown in Figure 5.1-1.

Note that when the MME receives Location Service Request in case of the UE isin ECM-IDLE state, the MME
performs a network triggered service request as defined in TS 23.401 [19] in order to establish a signalling connection
with the UE and assign a specific eNodeB. The UE is assumed to be in connected mode before the beginning of the
flow shown in the Figure 5.1-1; that is, any signalling that might be required to bring the UE to connected mode prior to
step lais not shown.

E-SMLC EPCLCS
. - R — N

la. Location Servjce Request

<

1b. Locatiop Service Request

1c. Location Service
Request

2. Locatior) Services Reques.tI

3a. eNode B|Procedures

3b. UE Procedures

3c. LMU Procedures
«—

4. Location [Service Response

5a. Location Service Response

>

5b. Location|Service Resgonse

5c. Location|Service
Response

Figure 5.1-1: Location Service Support by E-UTRAN

la. Either: the UE requests some location service (e.g. positioning or delivery of assistance data) to the serving
MME at the NAS level.

1b. Or: some entity in the EPC (e.g. GMLC) requests some location service (e.g. positioning) for atarget UE to the
serving MME .

1c. Or: the serving MME for atarget UE determines the need for some location service (e.g. to locate the UE for an
emergency call).

2. The MME transfers the location service request to an E-SMLC.

3a. The E-SMLC ingtigates | ocation procedures with the serving eNode B for the UE — e.g. to obtain positioning
measurements or assistance data..

3b. In addition to step 3a or instead of step 3a, for downlink positioning the E-SMLC instigates location procedures
with the UE — e.g. to obtain alocation estimate or positioning measurements or to transfer location assistance
datato the UE.

3c. For uplink positioning (e.g., UTDOA), in addition to performing step 3a, the E-SMLC instigates location
procedures with multiple LM Us for the target UE — e.g. to obtain positioning measurements.
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4. The E-SMLC provides alocation service response to the MME and includes any needed results — e.g. success or
failureindication and, if requested and obtained, alocation estimate for the UE.

5a. If step 1awas performed, the MME returns alocation service response to the UE and includes any needed results
—e.g. alocation estimate for the UE.

5b. If step 1b was performed, the MME returns alocation service response to the EPC entity in step 1b and includes
any needed results — e.g. alocation estimate for the UE.

5c¢. If step 1c occurred, the MME uses the location service response received in step 4 to assist the service that
triggered thisin step 1c (e.g. may provide alocation estimate associated with an emergency call to aGMLC).

L ocation procedures applicable to E-UTRAN occur in steps 3a, 3b and 3c in Figure 5.1-2 and are defined in greater
detail in this specification. Steps 1a and 5a are also applicable to E-UTRAN support because of a capability to tunnel
signalling applicable to steps 3a and 3b. Other stepsin Figure 5.1-2 are applicable only to the EPC and are described in
greater detail and in TS23.271[2].

Steps 3a and 3b can involve the use of different position methods to obtain location related measurements for a target
UE and from these compute a location estimate and possibly additional information like velocity. Positioning methods
supported in this release are summarized in clause 4.3 and described in detail in clause 8.

The case that the eNode B functions as an LCS client is not supported in this version of the specification.

5.2 E-UTRAN Positioning Operations

Separately from location service support for particular UES, an E-SMLC may interact with elementsin the E-UTRAN
in order to obtain measurement information to help assist one or more position methods for all UEs.

Editor's Note: The details of the related procedures and signalling interactions will need to await RAN1 completion
of downlink and possibly uplink position method evaluation and definition.

5.2.1 Downlink Position Method Support (FFS)

An E-SMLC can interact with any eNodeB reachable from any of the MMEs with signaling access to the E-SMLC in
order to obtain location related information to support the downlink position method. L ocation related information may
be obtained either once on demand or on a repeated and triggered basis. The information can include timing information
for the eNodeB in relation to either absolute GNSS time or timing of other eNodeBs and information about the
supported cellsincluding PRS schedule.

Signalling access between the E-SMLC and eNodeB is viaany MME with signalling access to both the E-SMLC and
eNodeB.

5.2.2 Uplink Position Method Support

An E-SMLC can interact with the Serving eNodeB for the UE in order to retrieve target UE configuration information
to support the uplink positioning method. The configuration information may include information required by the
LMUsin order to obtain uplink time measurements; see clause 8.5.2. The E-SMLC can indicate to the serving eNodeB
the need to direct the UE to transmit SRS signal's (up to the maximum SRS bandwidth applicable for the carrier
frequency) for uplink positioning. If the requested resources are not available, the eNB may assign other resources (or
no resources e.g. if none are available) and report the resource allocation to the E-SMLC.

The E-SMLC can aso request multiple LMUs to perform uplink time measurements and report the results.
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5.3 Functional Description of Elements Related to UE
Positioning in E-UTRAN

5.3.1 User Equipment (UE)

The UE may transmit the needed signals for uplink-based UE Positioning measurements and may make measurements
of downlink signals from E-UTRAN and other sources such as different GNSS systems. The measurements to be made
will be determined by the chosen positioning method.

The UE may also contain LCS applications, or access an LCS application either through communication with a network
accessed by the UE or through another application residing in the UE. This LCS application may include the needed
measurement and cal culation functions to determine the UE's position with or without network assistance. Thisis
outside of the scope of this specification.

The UE may also, for example, contain an independent positioning function (e.g., GPS) and thus be able to report its
position, independent of the E-UTRAN transmissions. The UE with an independent positioning function may also make
use of assistance information obtained from the network.

532 eNode B

The eNode B is a hetwork element of E-UTRAN that may provide measurement results for position estimation and
makes measurements of radio signals for atarget UE and communi cates these measurements to an E-SMLC.

The eNode B may make its measurements in response to requests (e.g., from the E-SMLC), or it may autonomously
measure and report regularly or when there are significant changes in radio conditions (e.g., changesin the E-UTRAN
GPStiming of cell frames).

The eNodeB may configure the target UE to transmit periodic SRS with multiple transmissions (see 5.2.2) during
uplink positioning.

Editor"s Note: Autonomous measurement and periodic measurement reporting by eNode B is FFS

5.3.3 Evolved Serving Mobile Location Centre (E-SMLC)

The E-SMLC manages the support of different location services for target UEs, including positioning of UEs and
delivery of assistance datato UEs. The E-SMLC may interact with the serving eNode B for atarget UE in order to
obtain position measurements for the UE, including uplink measurements made by the eNode B and downlink
measurements made by the UE that were provided to the eNode B as part of other functions such as for support of
handover. The E-SMLC may also interact with the serving eNodeB to indicate to the serving eNodeB the need to direct
the UE to transmit SRS (see 5.2.2) signals to enable the uplink positioning method and to acquire the target UE
configuration data needed by the LMUs to calculate the timing of these signals.

The E-SMLC will select a set of LMUsto be used for the UTDOA positioning. The E-SMLC interacts with the
selected LM Us to request timing meaurements.

The E-SMLC may interact with atarget UE in order to deliver assistance dataif requested for a particular location
service, or to obtain alocation estimate if that was requested.

For positioning of atarget UE, the E-SMLC decides on the position methods to be used, based on factors that may
include the LCS Client type, the required QoS, UE positioning capabilities, and eNode B positioning capabilities. The
E-SMLC then invokes these positioning methods in the UE and/or serving eNode B. The positioning methods may
yield alocation estimate for UE-based position methods and/or positioning measurements for UE-assisted and network-
based position methods. The E-SMLC may combine all the received results and determine a single location estimate for
the target UE (hybrid positioning). Additional information like accuracy of the location estimate and velocity may aso
be determined.

5.34 Location Measurement Unit (LMU)

The Location Measurement Unit (LMU) makes measurements and communicates these measurements to an E-SMLC.
All positioning measurements obtained by an LMU are supplied to the E-SML C that made the request.
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A UE Positioning request may involve measurements by multiple LMUs.

6 Signalling protocols and interfaces

6.1 Network interfaces supporting positioning operations

6.1.1 General LCS control plane architecture
The general LCS control plane architecture in the EPS applicable to atarget UE with E-UTRAN accessis defined in
[2].

6.1.2 LTE-Uu interface

The LTE-Uu interface, connecting the UE to the eNode B over the air, is used as one of several transport links for the
LTE Positioning Protocol.

6.1.3 S1-MME interface

The S1-MME interface between the eNode B and the MME is transparent to all UE-positioning-related procedures. It
isinvolved in these procedures only as atransport link for the LTE Positioning Protocol.

For eNode B related positioning procedures, the S1-MME interface transparently transports both positioning requests
from the E-SMLC to the eNode B and positioning results from the eNode B to the E-SMLC.

6.1.4 SLs interface

The SLsinterface, between the E-SMLC and the MME, is transparent to all UE related and eNode B related positioning
procedures. It isthen used only as atransport link for the LTE Positioning Protocols LPP and L PPa.

The SLsinterface supports location sessionsinstigated by the MME as defined in [2]. LPP and L PPa transport are then
supported as part of any location session.

6.1.5 SLm interface

The SLm interface between the E-SMLC and an LMU is used for uplink positioning. It is used to transport SLmAP
protocol messages over the E-SMLC-LMU interface.

Network sharing should be supported. (Details FFS).

6.2 UE-terminated protocols

6.2.1 LTE Positioning Protocol (LPP)

The LTE Positioning Protocol (LPP) is terminated between atarget device (the UE in the control-plane case or SET in
the user-plane case) and a positioning server (the E-SMLC in the control-plane case or SLP in the user-plane case). It
may use either the control- or user-plane protocols as underlying transport. In this specification, only control plane use
of LPPis defined. User plane support of LPP isdefined in [17] and [18].

LPP isa point to point positioning protocol with capabilities similar to thosein UMTS RRC ([15]) and GERAN RRLP
([16]). Whereas RRLP supports positioning of atarget MS accessing GERAN and RRC supports positioning of atarget
UE accessing UTRAN, LPP supports positioning and location related services (e.g. transfer of assistance data) for a
target UE accessing E-UTRAN. To avoid creating new positioning protocols for future access types devel oped by
3GPP, and to enable positioning measurements for terrestrial access types other than E-UTRAN, LPPisin principle
forward-compatible with other access types, even though restricted to E-UTRAN accessin this specification.
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LPP further supports the OMA user plane location solution SUPL 2.0, as defined in the OMA SUPL 2.0 standards
([27], [18]), and is intended to be compatible with the successor protocols of SUPL 2.0 aswell.

L PP messages are carried as transparent PDUs across intermediate network interfaces using the appropriate protocols
(e.g., S1-AP over the SI-MME interface, NAS/RRC over the Uu interface). The LPP protocol isintended to enable
positioning for LTE using a multiplicity of different position methods, while isolating the details of any particular
positioning method and the specifics of the underlying transport from one another.

The protocol operates on a transaction basis between a target device and a server, with each transaction taking place as
an independent procedure. More than one such procedure may be in progress at any given moment. An LPP procedure
may involve a request/response pairing of messages or one or more ‘unsolicited' messages. Each procedure hasasingle
objective (e.g., transfer of assistance data, exchange of LPP related capabilities, or positioning of atarget device
according to some QoS and use of one or more positioning methods). Multiple procedures, in series and/or in paralel,
can be used to achieve more complex objectives (e.g., positioning of atarget device in association with transfer of
assistance data and exchange of LPP related capabilities). Multiple procedures also enable more than one positioning
attempt to be ongoing at the same time (e.g., to obtain a coarse location estimate with low delay while a more accurate
location estimate is being obtained with higher delay).

An LPP session is defined between a positioning server and the target device, the details of its relation with transactions
are described in section 4.1.2 of [25].

A single LPP transaction may be realised as multiple procedures; e.g., a single transaction for provision of assistance
data might comprise several Provide Assistance Data messages, with each such message congtituting a separate
procedure (since there is no 'multiple unsolicited messages' procedure type).

For the 3GPP EPS Control Plane solution defined in [2], the UE is the target device and the E-SMLC is the server. For
SUPL 2.0 support, the SUPL Enabled Terminal (SET) isthe target device and the SUPL Location Platform (SLP) isthe
server. The protocol does not preclude the possibility of future developmentsin control plane and user plane solutions
(e.0., possible successors of SUPL 2.0, as well as possible future 3GPP control plane solutions).

All LPP operations and procedures are defined with respect to the target and server, and thus the L PP operations and
procedures defined here with respect to a UE and an E-SML C can also be viewed in this more generic context by
substituting any target for the UE and any server for the E-SMLC.

L PP further supports multiple positioning methods as defined in section 4.3.

L PP supports hybrid positioning, in which two or more position methods are used concurrently to provide
measurements and/or alocation estimate or estimates to the server. LPP is forward compatible with the later addition of
other position methods in later releases (e.g., position methods associated with other types of terrestrial access).

The operations controlled through L PP are described further in section 7.1.

6.2.2 Radio Resource Control (RRC)

The RRC protocol is terminated between the eNode B and the UE. In addition to providing transport for L PP messages
over the Uu interface, it supports transfer of measurements that may be used for positioning purposes through the
existing measurement systems specified in [14].

6.3 eNB-terminated protocols

6.3.1 LTE Positioning Protocol Annex (LPPa)

The LTE Positioning Protocol Annex (LPPa) carries information between the eNode B and the E-SMLC. It is used to
support the following positioning functions:

- E-CID cases where assistance data or measurements are transferred from the eNode B to the E-SMLC
- data collection from eNodeBs for support of downlink OTDOA positioning

- retrieval of UE configuration data from the eNodeBs for support of uplink (e.g., UTDOA) positioning
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The LPPa protocol istransparent to the MME. The MME routes the LPPa PDUs transparently based on a short Routing
ID corresponding to the involved E-SMLC node over Sl interface without knowledge of the involved L PPatransaction.
It carriesthe LPPa PDUs over Sl interface either in UE associated mode or non-UE associated mode.

6.3.2 S1 Application Protocol (S1-AP)
The S1-AP protocol, terminated between the MME and the eNode B, is used as transport for LPP and L PPa messages

over the SI-MME interface. The S1-AP protocol is also used to instigate and terminate eNode B related positioning
procedures.

6.4 Signalling between an E-SMLC and UE

6.4.1 Protocol Layering

Figure 6.4.1-1 shows the protocol layering used to support transfer of L PP messages between an E-SMLC and UE. The
LPP PDU iscarried in NAS PDU between the MME and the UE.

LPP [ o b ---——--1 LPP
Relay
ol LCS-AP[-——--+-——--—| LCS-AP
RRC [~ --—---—-| RRC Y S1-AP [~ 4 S1-AP
PDCP f------ --------| PDCP | SCTP f-----=------- SCTP SCTP f------+-------| SCTP
RLC f------ --------| RLC = R S Rk P (=T e e ] =)
MAC  fessn-- 2emmmnma|  MAC 1572 A L2 L2 |foeeoodo— | L2
1 T S | 1 1 T I I L1 L1 | L1
LTE Uu S1-MME SLs
UE eNode B MME E-SMLC

Figure 6.4.1-1: Protocol Layering for E-SMLC to UE Signalling

6.4.2 LPP PDU Transfer

Figure 6.4.2-1 shows the transfer of an LPP PDU between an E-SMLC and UE, in the network- and UE-triggered cases.
These two cases may occur separately or as parts of a single more complex operation.

UE eNB MME E-SMLC

1. LCS-AP PDU
< (LPP PDU)

2. S1AP DL NAS Transport

(LPP PDU)
3. RRC DL Info Transfer

(LPP PDU)
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eNB MME E-SMLC

| 4. UE Triggered Service Request

5. RRC UL Info Transfer
(LPP PDU)

6. S1AP UL NAS Transport
(LPP PDU)

7. LCS-AP PDU

(LPP PDU) >

Figure 6.4.2-1: LPP PDU transfer between E-SMLC and UE (network- and UE-triggered cases)

1. Steps1to 3 may occur before, after, or at the sametime as steps4 to 7. Steps 1 to 3 and steps 4 to 7 may also be
repeated. Steps 1 to 3 are triggered when the E-SMLC needs to send an L PP message to the UE as part of some
LPP positioning activity. The E-SMLC then sends an LCS-AP PDU to the MME carrying an LPP PDU
comprising the message.

2. The MME includes a session identifier (a.k.a Routing identifier defined in [26]), which is associated with the
positioning session between the MME and E-SMLC, and the LPP PDU in the NAS Transport Message and then
forwards the NAS Transport Message to the serving eNode B in an SIAP Downlink NAS Transport message.
The MME need not retain state information for this transfer; it can treat any response in step 6 as a separate non-
associated transfer.

3. TheeNode B forwards the NAS Transport Message to the UE in an RRC DL Information Transfer message.

4. Steps4to 7 aretriggered when the UE needsto send an LPP PDU to the E-SMLC as part of some LPP
positioning activity. If the UE isin ECM-IDLE state, the UE instigates a UE triggered service reguest as defined
in [19] in order to establish a signalling connection with the MME and assign a serving eNode B.

5. The UE includes the session identifier (a.k.a Routing identifier defined in [26]), which has been received in
step3, and an LPP PDU to the serving eNode B in an RRC UL Information Transfer message.

6. The eNode B forwards the NAS Transport Message to the MME in an SIAP Uplink NAS Transport message.
7. The MME forwards the LPP PDU to the E-SMLC inan LCS-AP PDU.

6.5 Signalling between an E-SMLC and eNode B

6.5.1 Protocol Layering
Figure 6.5.1-1 shows the protocol layering used to support transfer of LPPa PDUs between an E-SMLC and eNode B.

The LPPa protocol is transparent to the MME. The MME routes the L PPa PDUs transparently based on a short Routing
ID which corresponds to the involved E-SML C node over the S1 interface without knowledge of the involved LPPa
transaction. It carriesthe LPPa PDUs over Sl interface either in UE associated mode or non-UE associated mode.
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Figure 6.5.1-1: Protocol Layering for E-SMLC to eNode B Signalling

6.5.2 LPPa PDU Transfer for UE Positioning

Figure 6.5.2-1 shows LPPa PDU transfer between an E-SMLC and eNode B to support positioning of a particular UE.

UE eNB MME E-SMLC
1. _CI§-AP PDU (LPPa RDU)

2. S1AH Downlink LPPa UE Associated Transfer (LPPa PDU)

—————p
3. S1AP Uplink LPPa UE Assogiated Transfer (LPPa|[PDU)

—>
4. LCS1AP PDU (LPPa PDU

Figure 6.5.2-1: LPPa PDU Transfer between an E-SMLC and eNode B for UE Positioning

1. Steps1to 2 aretriggered when the E-SML C needs to send an L PPa message to the serving eNode B for atarget
UE as part of an LPPa positioning activity. The E-SMLC then sends an LCS-AP PDU (as specified in [27]) to
the MME carrying an LPPaPDU comprising the message.

2. The MME forwards the LPPa PDU to the serving eNode B in an SLAP Downlink UE Associated L PPa
Transport message over the S1 signalling connection corresponding to the UE and includes the Routing 1D
related to the E-SMLC. The MME need not retain state information for this transfer — e.g. can treat any response
in step 3 as a separate non-associated transfer.

3. Steps 3 and 4 are triggered when a serving eNode B needs to send an LPPa message to the E-SMLC for atarget
UE as part of an LPPa positioning activity. The eNode B then sends an LPPa PDU to the MME in an S1AP
Uplink UE Associated L PPa Transport message and includes the Routing ID received in step 2.

4. The MME forwards the LPPa PDU to the E-SMLC associated with the Routing ID received in step 3inan LCS-
AP PDU (as specified in [27]) Steps 1 to 4 may be repeated.
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6.5.3 LPPa PDU Transfer for Positioning Support

Figure 6.5.3-1 shows LPPa PDU transfer between an E-SMLC and eNode B when related to gathering data from the
eNodeB for positioning support for all UEs.

eNB MME E-SMLC
1. LCE-AP PDU (LPPa PpU)

2. SltP Downlink LPPa [Non UE Associated Transfer (LPPa PDU)

— >
S1AP Uplink LPPa INon UE Associated Transfer (LPPa PDU)

4. LCS{AP PDU (LPPa PSU

w -

Figure 6.5.3-1: LPPa PDU Transfer between an E-SMLC and eNode B for obtaining eNodeB Data

1. Steps1and 2 aretriggered when the E-SML C needs to send an L PPa message to an eNode B to obtain data
related to the eNodeB. The E-SMLC determines an MME with access to the eNodeB and then sends an LCS-AP
PDU (as specified in [27]) to the MME carrying an LPPa PDU, the global identity of the eNodeB and the
identity of the E-SMLC..

2. The MME forwards the LPPa PDU to the identified eNode B in an SLAP Downlink Non UE Associated LPPa
Transport message and includes the Routing ID related to the E-SMLC. The MME need not retain state
information for this transfer — e.g. can treat any response in step 3 as a separate non-associated transfer.

3. Steps 3 and 4 are triggered when an eNode B needs to send an LPPaPDU to an E-SMLC containing data
applicable to the eNB. The eNode B determines an MME with access to the E-SMLC and then sends an LPPa
PDU to the MME in an SIAP Uplink Non UE Associated L PPa Transport message. The eNodeB includes the
Routing 1D related to the E-SMLC received at step 2.

4. The MME forwards the LPPa PDU to the E-SMLC associated to the Routing ID indicated in step 3 and includes
the global identity of the eNB and the identity of the E-SMLC inan LCS-AP PDU (as specified in [27]). Steps 1
to 4 may be repeated.

6.6 LMU-terminated protocols

6.6.1 SLm Application Protocol (SLmMAP)
The SLmAP protocol, terminated between the E-SMLC and the LMU is used to support the following functions:
- délivery of target UE configuration data from the E-SMLC to the LMU
- request positioning measurements from the LMU and delivery of positioning measurements to the E-SMLC.

The SLmMAP protocol is directly between the E-SMLC and the LMU.

6.7 Signalling between an E-SMLC and LMU
6.7.1 Protocol Layering

Figure 6.Y.1-1 shows the protocol layering used to support transfer of SLmAP messages between an E-SMLC and
LMU.
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Figure 6.7.1-1: Protocol Layering for direct E-SMLC to LMU Signalling

7 General E-UTRAN UE Positioning procedures

7.1 General LPP procedures for UE Positioning

7.1.1 LPP Procedures

Positioning proceduresin the EFUTRAN are modelled as transactions of the LPP protocol using the procedures defined
in this specification. A procedure consists of a single operation of one of the following types:

- Exchange of positioning capahilities,
- Transfer of assistance data;
- Transfer of location information (positioning measurements and/or position estimate);
- Error handling;
- Abort.
Parallel transactions are permitted (i.e. anew LPP transaction may be initiated, while another one is outstanding).

Asdescribed in section 6.2.1, the protocol operates between a'target' and a'server'. In the control-plane context, these
entities are the UE and E-SMLC respectively; in the SUPL context they are the SET and the SLP. The terms 'target’
and 'server' are used in the flows in this section to avoid redundancy between the two versions of the positioning
operations. A procedure may beinitiated by either the target or the server. Both target initiated and server initiated
procedures are supported.

7.1.2 Positioning procedures

7121 Capability transfer

A UE request for capability from E-SMLC or delivery of the E-SMLC capability to the UE is not supported in this
version of the specification.

Capabilitiesin an LPP context refer to the ability of atarget or server to support different position methods defined for
LPP, different aspects of a particular position method (e.g. different types of assistance datafor A-GNSS) and common
features not specific to only one position method (e.g. ability to handle multiple LPP transactions) . These capabilities
are defined within the LPP protocol and transferred between the target and the server using L PP transport.
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The exchange of capabilities between atarget and a server may be initiated by a request or sent as ‘unsolicited'
information. If arequest is used, the server sends an L PP Request Capabilities message to the target device with a
request for capability information. The target sends an L PP Provide Capabilities message.

Target Server

-4—1. LPP Request Capabilities

2. LPP Provide Capabilities R E—

Figure 7.1.2.1-1: LPP Capability Transfer procedure

1. The server may send arequest for the LPP related capabilities of the target.

2. Thetarget transfersits LPP-related capabilities to the server. The capabilities may refer to particular position
methods or may be common to multiple position methods.

L PP Capability Indication procedure is used for unsolicited capability transfer.

Target Server

1.LPP Provide Capabilites ——————————

Figure 7.1.2.1-2: LPP Capability Indication procedure

7.1.2.2 Assistance data transfer

Assistance data may be transferred either by request or unsolicited. In this version of the specification, assistance data
delivery is supported only via unicast transport from server to target.

Target Server

—— 1. LPP Request Assistance Data———— |

«——2 | PP Provide Assistance Data

Figure 7.1.2.2-1: LPP Assistance Data Transfer procedure

1. Thetarget may send arequest to the server for assistance data and may indicate the particular assistance data
needed.
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2. The server transfers assistance data to the target. The transferred assistance data should match any assistance
datarequested in step 1.

3. Optionally, the server may transfer additional assistance data to the target in one or more additional LPP
messages.

LPP Assistance Data Delivery procedure is used for unilateral assistance datatransfer.

Target Server

4—— 1 LPP Provide Assistance Data

Figure 7.1.2.2-2: LPP Assistance Data Delivery procedure

This procedure is unidirectional; assistance data are always delivered from the server to the target.

7.1.2.3 Location information transfer

The term 'location information' applies both to an actual position estimate and to values used in computing position
(e.g., radio measurements or positioning measurements). It isdelivered either in response to arequest or unsolicited.

Target Server

~¢— 1. LPP Request Location Information

2. LPP Provide Location Information—— |

Figure 7.1.2.3-1: LPP Location Information Transfer procedure

1. The server may send arequest for location information to the target, and may indicate the type of location
information needed and associated QoS.

2. Inresponse to step 1, the target transfers location information to the server. The location information transferred
should match the [ocation information requested in step 1.

3. Optionadly (e.g., if requested in step 1), the target in step 2 may transfer additional |ocation information to the
server in one or more additional L PP messages.

LPP Location Information Delivery procedureis used for unilateral location information transfer.

NOTE: the LPP Location Information Delivery procedure can only be piggybacked in the MO-LR request.
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Target Server

1. LPP Provide Location Information —P

Figure 7.1.2.3-2: LPP Location Information Delivery procedure

7124 Multiple transactions

Multiple LPP transactions may be in progress simultaneously between the same target and server nodes, to improve
flexibility and efficiency. However, no more than one L PP procedure between a particular pair of target and server
nodes to obtain location information shall be in progress at any time for the same position method.

In this example, the objective is to request location measurements from the target, and the server does not provide
assistance data in advance, leaving the target to request any needed assistance data. A message flow is shown in Figure
7.1.24-1.

Target Server

-¢———1. LPP Message: Request Location Information [transaction A]

2. LPP Message: Assistance data request [transaction B|————»|

-¢—— 3. LPP Message: Assistance data delivery [transaction B]

—4. LPP Message: Location information [measurements, transaction A]—»

Figure 7.1.2.4-1. Example of multiple LPP procedures

1. The server sends arequest to the target for positioning measurements.
The target sends a request for particular assistance data.

The server returns the assistance data requested in step 2.

A w0

The target obtains and returns the location information (e.g., positioning method measurements) requested in
step 1.
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7.1.25 Sequence of Procedures

L PP procedures are not required to occur in any fixed order, in order to provide greater flexibility in positioning. Thus,
a UE may request assistance data at any time in order to comply with a previous request for location measurements
from the E-SMLC; an E-SMLC may instigate more than one request for location information (e.g., measurements or a
location estimate) in case location results from a previous request were not adequate for the requested QoS; and the
target device may transfer capability information to the server at any timeif not already performed.

Despite the flexibility allowed by LPP, it is expected that procedures will normally occur in the following order:
1. Capability Transfer;
2. Assistance Data Transfer;
3. Location Information Transfer (measurements and/or location estimate).

Specific examples for each positioning method are shown in clause 8.

7.1.2.6 Error handling

The procedure is used to notify the sending endpoint by the receiving endpoint that the receiving LPP message is
erroneous or unexpected. This procedureis bidirectiona at the LPP level; either the target or the server may take the
role of either endpoint in Figure 7.1.2.6-1.

Target/Server Server/Target

1. LPP Message >

- 2. LPP Message: Error:

Figure 7.1.2.6-1: Error handling

1. Thetarget or server (indicated as 'Target/Server' in Figure 7.1.2.6-1) sends a L PP message to the other endpoint
(indicated as 'Server/Target').

2. If the server or target (‘Server/Target’) detects that the receiving LPP message is erroneous or unexpected, the
server or target transfers error indication information to the other endpoint (‘'Target/Server’).

7.1.2.7 Abort

The procedure is used to notify the other endpoint by one endpoint to abort an ongoing procedure between the two
endpoints. This procedure is bidirectiona at the LPP level; either the target or the server may take the role of either
endpoint in Figure 7.1.2.7-1.

Target/Server Server/Target

| |
1. Ongoing LPP Procedure

2. LPP Message: Abort

Figure 7.1.2.7-1: Abort
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1. A LPP procedureis ongoing between target and server.

2. If the server or target (‘'Server/Target') determines that the procedure must be aborted, and then the server or
target sends an L PP Abort message to the other endpoint (‘'Target/Server') carrying the transaction ID for the
procedure.

7.2 General LPPa Procedures for UE Positioning

7.2.1 LPPa Procedures

Positioning and data acquisition transactions between an E-SMLC and eNodeB are modelled by using procedures of the
LPPa protocol. There are two types of LPPa procedures:

- UE associated procedure, i.e. transfer of information for a particular UE (e.g. positioning measurements)

- Non UE associated procedure, i.e. transfer of information applicable to the eNodeB (e.g. eNB timing
differences)

Parallel transactions between the same E-SMLC and eNodeB are supported; i.e. apair of E-SMLC and eNodeB may
have more than one instance of an L PPa procedure in execution at the same time.

For possible extensibility, the protocol is considered to operate between a generic "access node” (e.g. eNodeB) and a
"server" (e.g. E-SMLC). A procedureis only initiated by the server.

Access Node Server
- 1. LPPa Procedural Request
2. LPPa Procedural Response >
————————— N. LPPa Procedural Response (end transaction)- — — — — — —

Figure 7.2.1-1: A single LPPa transaction

Figure 7.2.1.1-1 shows a single LPPa transaction. The transaction is terminated in step 2 in the case of anon UE
associated procedure. For a UE associated procedure to gather information concerning the access node, additional
responses may be allowed (e.g. sending of updated information periodically and/or whenever there is some significant
change). In this case, the transaction may be ended after some additional responses. In the LPPa protocol, the described
transaction may be realized by the execution of one procedure defined as a request and a response, followed by a
procedure defined as a single message to realize the additional responses.

7.2.2 LPPa transaction types

7.22.1 Location information transfer

The term 'location information' applies both to an actual position estimate and to values used in computing position
(e.g., radio measurements or positioning measurements). It is delivered in response to arequest.
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eNode B Server
- ——————— 1. LPPa Message: Location information request— — — — — — — —
2. LPPa Message: Location information >
——————————— 3. LPPa Message: Location information— ——————— — 9

Figure 7.2.2-1: Location information transfer

1. The server sends aarequest for location related information to the eNodeB, and indicates the type of location
information needed and associated Qo0S. The request may refer to a particular UE.

2. Inresponseto step 1, the eNodeB transfers location related information to the server. The location related
information transferred should match the location related information requested in step 1.

3. If requested in step 1, the eNodeB may transfer additional location related information to the server in one or
more additional L PPa messages when the positioning method is E-CID.

7.3 Service Layer Support using combined LPP and LPPa
Procedures

As described in [2], UE-positioning-related services can be instigated from the EPC in the case of an NI-LR or MT-LR
location service, or from the UE in the case of an MO-LR location service. The complete sequence of operationsin the
EPC isdefined in [2]. This subclause defines the overall sequences of operations that occur in the E-SMLC, E-UTRAN
and UE as aresult of the EPC operations.

Some flows in this scenario apply only in particular situations (e.g., only when the UE isin connected mode). The
lower-layer details of such cases are not shown in the diagrams; for instance, the process of paging a UE to bring it to
connected mode from idleis not explicitly indicated in these diagrams.

7.3.1 NI-LR and MT-LR Service Support

Figure 7.3.1-1 shows the sequence of operations for an NI-LR or MT-LR location service, starting at the point where
the MME initiates the service in the E-SMLC.

[ue | [eng] [ vl E-SMLC

1. Locatign Request (QoS)

2.|LPP Transactions(s)

3. LPPa Transactions(s)

4. Location Response (Location Esti;tate)

Figure 7.3.1-1: UE Positioning Operations to support an MT-LR or NI-LR

1. The MME sends alocation request to the E-SMLC for atarget UE and may include associated QoS.

2. The E-SMLC may obtain location related information from the UE and/or from the serving eNode B. In the
former case, the E-SMLC instigates one or more L PP procedures to transfer UE positioning capabilities, provide
assistance data to the UE and/or obtain location information from the UE. The UE may a so instigate one or
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more L PP procedures after the first LPP message is received from the E-SMLC (e.g., to request assistance data
from the E-SMLC).

3. If the E-SMLC needslocation related information for the UE from the eNode B, the E-SML C instigates one or
more LPPa procedures. Step 3 is not necessarily serialised with step 2; if the E-SMLC and eNode B have the
information to determine what procedures need to take place for the location service, step 3 could precede or
overlap with step 2.

4. The E-SMLC returns alocation response to the MME with any location estimate obtained as aresult of steps 2
and 3.

7.3.2 MO-LR Service Support

Figure 7.3.2-1 shows the sequence of operations for an MO-LR service, starting at the point where an LCS Client in the
UE or the user has requested some location service (e.g., retrieval of the UE's location or transfer of the UE's location to
athird party).

JE eNB MME E-SMLC
>

1. MO-LR Request (LPP PDU)

2. Location Request (LPP PD[!)

3. LPP Procedure(s)

4. LPPa Progedure(s)

5. Location Response (LPP PDU)

I 6. Transfer to Third
i Partry

7. MO-LR Responsg (LPP PDU)

Figure 7.3.2-1: UE Positioning Operations to support an MO-LR

1. TheUE sendsaNASI|evel MO-LR request to the MME. The MO-LR request may carry an LPP PDU to
instigate one or more L PP procedures to transfer capabilities, request assistance data, request location
information and/or transfer location information (e.g. location measurements).

2. The MME sends alocation request to the E-SMLC and includes any LPP PDU received in step 1.

3. The E-SMLC may obtain location related information from the UE and/or from the serving eNode B. In the
former case or if an immediate response is needed to any L PP procedure instigated by the UE instep 1 (e.g., a
reguest for assistance data), the E-SMLC instigates one or more L PP procedures to transfer UE positioning
capabilities, provide assistance data to the UE and/or obtain location information from the UE. The UE may also
instigate further LPP procedures after the first LPP message is received from the E-SMLC (e.g., to request
assistance data or to request further assistance data).

4. If the E-SMLC needs location related information for the UE from the eNode B, the E-SMLC instigates one or
more L PPa procedures. Step 4 may also precede step 3 or occur in parallel withiit.

5. The E-SMLC returns alocation response to the MME with any location estimate obtained as a result of steps 3
and 4, and/or with afinal LPP message (e.g., that could provide alocation estimate to the UE if requested by the
UEinstep l).

6. If the UE requested location transfer to athird party the MME transfers the location received from the E-SMLC
in step 5 to the third party as defined in [2].
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7. The MME sendsaNAS level MO-LR response to the UE, carrying any final LPP PDU that was received in step
5.

7.4 General SLmAP Procedures for UE Positioning

7.4.1 SLmMAP Procedures

SLmAP includes positioning procedures, such as:

- Measurement request

7411 Measurement request

The measurement request procedure is used by the E-SMLC to obtain timing measurement for a particular target UE
froman LMU.

E-SMLC LMU

1. SLmAP Measurement Request (assistance data)———

4——? S|L. mAP Measurement Response (measurements)

Figure 7.4.1-1: Measurement request

1. The E-SMLC sends a measurement request to the LMU. The measurement request identifies the UE to be
positioned and contains the assistance data (including SRS signal characteristics) needed to obtain the
measurements.

2. Inresponseto step 1, the LMU transfers measurements to the E-SMLC.

7.4.1.2 SRS Configuration Update

The measurement update procedure is used by the E-SMLC to inform the LMU of a change in the UE signal
characteristics during an ongoing SL mAP measurement reporting transaction.

Figure 7.4.1.2-1: SRS Configuration update

1. An SLmAP Measurement reporting transaction is ongoing between the E-SMLC and LMU.

2. The E-SMLC determines that the assistance data previously sent to the LMU isno longer valid. The E-SMLC
sends a measurement update to the LMU containing the new assistance data. The E-SMLC shall not send an SRS
Configuration Update after the LMU has responded with UL RTOA measurements.
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3. LMU continues UL RTOA measurements using updated SRS configuration.

7.4.1.3 Measurement Abort

The measurement abort procedure is used by the E-SMLC to abort an ongoing SL mAP measurement reporting
transaction.

ir 2. SLmAP Measurement abort:

Figure 7.4.1.3-1: Measurement abort

1. An SLmAP Measurement reporting transaction. is ongoing between the E-SMLC and LMU.

2. The E-SMLC determines that the transaction should be aborted (e.g. due to UE detach or inter-MME handover).
The E-SMLC sends a measurement abort to the LMU and the ongoing SL mAP Measurement reporting
transaction is abandoned. The E-SMLC shall not send a Measurement Abort after receiving a Measurement
response from the LMU.

7.5 Service Layer Support using combined SLmAP and LPPa
Procedures

7.5.1 NI-LR and MT-LR Service Support

Figure 7.5.1-1 shows the sequence of operations for an NI-LR and MT-LR, starting at the point where the MME
initiates the servicein the E-SMLC.

eNB LMU MME E-SMLC

1. Locatipn Request (QoS)

2. LPPa Transactions(s)

3. SLmAP Prgcedure(s)

4. Location ResTonse (Location Estimjate)

Figure 7.5.1-1: UE Positioning Operations to support NI-LR or MT-LR

1. The MME sends alocation request to the E-SML C for atarget UE and may include associated QoS.

2. The E-SMLC obtainstarget UE configuration information from the serving eNode B.
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If the E-SML C needs measurement results for the UE from multiple LMUSs, the E-SMLC instigates SLmAP
procedures to each LMU.

The E-SMLC returns alocation response to the MME with any location estimate obtained as aresult of steps 2
and 3.

7.5.2 MO-LR Service Support

Figure 7.5.2-1 shows the sequence of operations for an MO-LR service, starting at the point where an LCS Client in the
UE or the user has requested some location service (e.g., retrieval of the UE's location or transfer of the UE's location to
athird party).

A w bd P

UE ] [wmu] [ enB] MME E-SMLC
>

1| MO-LR Request

2. Lodation Request

3. LPPa Progedure(s)

4. SLmAP Procedure(s)

5. Location Response

i 6. Transfer to Third |
' Paftry ;

7. MO-LR Response

Figure 7.5.2-1: UE Positioning Operations to support an MO-LR

The UE sendsa NAS level MO-LR request to the MME.
The MME sends alocation request to the E-SMLC.
The E-SMLC obtains target UE configuration information from the serving eNode B.

If the E-SML C needs measurement results for the UE from multiple LMUSs, the E-SMLC instigates SLmAP
procedures to each LMU.

The E-SMLC returns alocation response to the MME with any location estimate obtained as aresult of steps 2
and 3.

If the UE requested location transfer to a third party LCS Client, the MME transfers the location received from
the E-SMLC in step 5 to the third party as defined in [2].

The MME sends aNAS level MO-LR response to the UE carrying any location estimate.
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8 Positioning methods and Supporting Procedures

8.1 GNSS positioning methods

8.1.1 General

Global Navigation Satellite System (GNSS) is the standard generic term for satellite navigation systems that provide
autonomous geo-spatial positioning with global or regional coverage. The following GNSSs are supported in this
version of the specification:

- GPSand its modernization [6,7,8];

- Gdileo[9];

- GLONASS[10];

- Satellite Based Augmentation Systems (SBAS), including WAAS, EGNOS, MSAS, and GAGAN [12];
- Quasi-Zenith Satellite System (QZSS) [11].

Each global GNSS can be used individually or in combination with others. When used in combination, the effective
number of navigation satellite signals would be increased:

- extrasatellites can improve availability (of satellites at a particular location) and results in an improved ability to
work in areas where satellite signal s can be obscured, such asin urban canyons;

- extrasatellites and signals can improve reliability, i.e., with extra measurements the data redundancy is
increased, which helps identify any measurement outlier problems;

- extrasatellites and signals can improve accuracy due to improved measurement geometry and improved ranging
signals from modernized satellites.

When GNSS is designed to inter-work with the E-UTRAN, the network assists the UE GNSS receiver to improve the
performance in several respects. These performance improvements will:

- reduce the UE GNSS start-up and acquisition times; the search window can be limited and the measurements
speed up significantly;

- increase the UE GNSS sensitivity; positioning assi stance messages are obtained via E-UTRAN so the UE GNSS
receiver can operate also in low SNR situations when it is unable to demodulate GNSS satellite signals;

- dlow the UE to consume less handset power than with stand-alone GNSS; thisis due to rapid start-up times as
the GNSS receiver can be in idle mode when it is not needed.

The network-assisted GNSS methods rely on signalling between UE GNSS receivers (possibly with reduced
complexity) and a continuously operating GNSS reference receiver network, which has clear sky visibility of the same
GNSS constellation as the assisted UEs. Two assisted modes are supported:

- UE-Assisted: The UE performs GNSS measurements (pseudo-ranges, pseudo Doppler, etc.) and sends these
measurements to the E-SM L C where the position calculation takes place, possibly using additional
measurements from other (non GNSS) sources;

- UE-Based: The UE performs GNSS measurements and calcul ates its own location, possibly using additional
measurements from other (non GNSS) sources.

The assistance data content may vary depending on whether the UE operatesin UE-Assisted or UE-Based mode.
The assistance data signalled to the UE can be broadly classified into:

- data assisting the measurements: e.g. reference time, visible satellite list, satellite signal Doppler, code phase,
Doppler and code phase search windows;
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- data providing means for position calculation: e.g. reference time, reference position, satellite ephemeris, clock
corrections.

A UE with GNSS measurement capability may also operate in an autonomous (standalone) mode. In autonomous mode
the UE determines its position based on signals received from GNSS without assistance from the network.
8.1.2 Information to be transferred between E-UTRAN Elements

This subclause defines the information (e.g., assistance data, measurement data) that may be transferred between E-
UTRAN elements.

8.1.2.1 Information that may be transferred from the E-SMLC to UE

Table 8.1.2.1-1 lists assistance data for both UE-assisted and UE-based modes that may be sent from the E-SMLC to
the UE.

NOTE: The provision of these assistance data elements and the usage of these elements by the UE depend on the
E-UTRAN and UE capabilities, respectively.

Table 8.1.2.1-1: Information that may be transferred from the E-SMLC to UE

Assistance Data
Reference Time
Reference Location
lonospheric Models
Earth Orientation Parameters
GNSS-GNSS Time Offsets
Differential GNSS Corrections
Ephemeris and Clock Models
Real-Time Integrity
Data Bit Assistance
Acquisition Assistance
Almanac
UTC Models

8.1.2.1.1 Reference Time

Reference Time assistance provides the GNSS receiver with coarse or fine GNSS time information. The specific GNSS
system times (e.g., GPS, Galileo, Glonass system time) shall be indicated with a GNSSID.

In case of coarse time assistance only, the Reference Time provides an estimate of the current GNSS system time
(where the specific GNSSisindicated by a GNSS ID). The E-SMLC should achieve an accuracy of +/- 3 seconds for
thistime including allowing for the transmission delay between E-SMLC and UE.

In case of fine time assistance, the Reference Time provides the relation between GNSS system time (where the specific
GNSSisindicated by a GNSS ID) and E-UTRAN air-interface timing.

8.1.2.1.2 Reference Location

Reference Location assistance provides the GNSS receiver with an apriori estimate of its location (e.g., obtained via
Cell-ID, downlink positioning, etc.) together with its uncertainty.

The geodetic reference frame shall be WGS-84, as specified in [4].

8.1.2.1.3 lonospheric Models
lonospheric Model assistance provides the GNSS receiver with parameters to model the propagation delay of the GNSS

signal s through the ionosphere. 1onospheric Model parameters as specified by GPS [6], Galileo [9], and QZSS [11] may
be provided.
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8.1.2.14 Earth Orientation Parameters

Earth Orientation Parameters (EOP) assistance provides the GNSS receiver with parameters needed to construct the
ECEF-to-ECI coordinate transformation as specified by GPS [6].

8.1.2.1.5 GNSS-GNSS Time Offsets

GNSS-GNSS Time Offsets assistance provides the GNSS receiver with parametersto correlate GNSS time (where the
specific GNSSisindicated by a GNSS-1 ID) of one GNSS with other GNSS time (where the specific GNSSis
indicated by a GNSS-2 ID). GNSS-GNSS Time Offsets parameters as specified by GPS [6], Galileo [9], Glonass[10],
and QZSS [11] may be provided.

8.1.2.1.6 Differential GNSS Corrections

Differential GNSS Corrections assistance provides the GNSS receiver with pseudo-range and pseudo-range-rate
corrections to reduce biases in GNSS receiver measurements as specified in [13]. The specific GNSS for which the
corrections are valid isindicated by a GNSS-ID.

8.1.2.1.7 Ephemeris and Clock Models

Ephemeris and Clock Models assistance provides the GNSS receiver with parameters to calculate the GNSS satellite
position and clock offsets. The various GNSSs use different model parameters and formats, and all parameter formats as
defined by the individual GNSSs are supported by the signalling.

8.1.2.1.8 Real-Time Integrity

Real-Time Integrity assistance provides the GNSS receiver with information about the health status of a GNSS
constellation (where the specific GNSSisindicated by a GNSS ID).

8.1.2.1.9 Data Bit Assistance

Data Bit Assistance provides the GNSS receiver with information about data bits or symbols transmitted by a GNSS
satellite at a certain time (where the specific GNSSisindicated by a GNSS ID). Thisinformation may be used by the
UE for sensitivity assistance (data wipe-off) and time recovery.

8.1.2.1.10 Acquisition Assistance

Acquisition Assistance provides the GNSS receiver with information about visible satellites, reference time, expected
code-phase, expected Doppler, search windows (i.e., code and Doppler uncertainty) and other information of the GNSS
signals (where the specific GNSSisindicated by a GNSS ID) to enable afast acquisition of the GNSS signals.

8.1.2.1.11 Almanac

Almanac assistance provides the GNSS receiver with parameters to calculate the coarse (long-term) GNSS satellite
position and clock offsets. The various GNSSs use different model parameters and formats, and all parameter formats as
defined by the individual GNSSs are supported by the signalling.

8.1.2.1.12 UTC Models

UTC Models assistance provides the GNSS receiver with parameters needed to relate GNSS system time (where the
specific GNSSisindicated by a GNSS ID) to Universal Coordinated Time. The various GNSSs use different model
parameters and formats, and all parameter formats as defined by the individual GNSSs are supported by the signalling.

8.1.2.2 Information that may be transferred from the UE to E-SMLC
Theinformation that may be signalled from UE to the E-SMLC islisted in table 8.1.2.2-1.
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Table 8.1.2.2-1-2: Information that may be transferred from UE to the E-SMLC

Information UE-assisted | UE-based/
standalone
Latitude/Longitude/Altitude, together with uncertainty shape | No Yes
Velocity, together with uncertainty shape No Yes
Reference Time, possibly together with GNSS-E-UTRAN Yes Yes
time association and uncertainty
Indication of used positioning methods in the fix No Yes
Code phase measurements Yes No
Doppler measurements Yes No
Carrier phase measurements Yes No
Measurement quality parameters for each measurement Yes No
Additional, non-GNSS related measurement information Yes No
8.1.2.21 GNSS Measurement Information

The GNSS measurement information reported from the UE to the E-SMLC depends on the GNSS mode (i.e., UE-based,
autonomous (standalone), or UE-assisted).
8.1.2.211 UE-based mode

In UE-based or standalone mode, the GNSS receiver reports the latitude, longitude and possibly altitude, together with
an estimate of the location uncertainty, if available.

If requested by the E-SML C and supported by the UE, the GNSS receiver may report its velocity, possibly together
with an estimate of the uncertainty, if available.

If requested by the E-SML C and supported by the UE, the GNSS receiver may report the relation between GNSS
system time (where the specific GNSSisindicated by a GNSS ID; the specific GNSS system time may be selected by
the UE) and E-UTRAN air-interface timing. Thisinformation may be used by the E-SMLC to assist other UEsin the
network.

The UE should also report an indication of which GNSSs and possibly other location methods have been used to
calculate afix.

8.1.2.2.1.2 UE-assisted mode

In UE-assisted mode, the GNSS receiver reports the Code Phase and Doppler measurements together with associated
guality estimates. These measurements enable the E-SMLC to calculate the location of the UE, possibly using other
measurements and data.

If requested by the E-SML C and supported by the UE, the GNSS receiver may report Carrier Phase measurements
together with associated quality measurements, if available.

If requested by the E-SML C and supported by the UE, the GNSS receiver may report the relation between GNSS
system time (where the specific GNSS is indicated by a GNSS ID; the specific GNSS system time may be selected by
the UE) and E-UTRAN air-interface timing. This information may be used by the E-SMLC to assist other UEsin the
network.

8.1.2.2.2 Additional Non-GNSS Related Information

Additional non-GNSS measurements performed by E-UTRAN or UE may be used by the E-SMLC or UE to calculate
or verify alocation estimate. Thisinformation may include downlink positioning measurements, pathloss and signal
strength related measurements, etc.

8.1.3  Assisted-GNSS Positioning Procedures

8.1.3.1 Capability Transfer Procedure
The Capability Transfer procedure for Assisted-GNSS positioning is described in subclause 7.1.2.1.
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8.1.3.11 Void

8.1.3.2 Assistance Data Transfer Procedure

The purpose of this procedure is to enable the E-SMLC to provide assistance data to the UE (e.g., as part of a
positioning procedure) and the UE to request assistance data from the E-SMLC (e.g., as part of a positioning procedure
or for autonomous self location (i.e., UE determines its own location)).

8.1.3.2.1 E-SMLC initiated Assistance Data Delivery

Figure 8.1.3.2.1-1 shows the Assistance Data Delivery operations for the network-assisted GNSS method when the
procedure isinitiated by the E-SMLC.

UE E-SMLC

4——1 LPP Provide Assistance Data

Figure 8.1.3.2.1-1: E-SMLC-initiated Assistance Data Delivery Procedure

(1) The E-SMLC determines that assistance data needs to be provided to the UE (e.g., as part of a positioning
procedure) and sends an L PP Provide Assistance Data message to the UE. This message may include any of the
GNSS assistance data defined in subclause 8.1.2.1.

8.1.3.2.2 UE initiated Assistance Data Transfer

Figure 8.1.3.2.2-1 shows the Assistance Data Transfer operations for the network-assisted GNSS method when the
procedure isinitiated by the UE.

UE E-SMLC

——— 1. LPP Request Assistance Data ——P

— 2. LPP Provide Assistance Data

Figure 8.1.3.2.2-1: UE-initiated Assistance Data Transfer Procedure

(1) The UE determines that certain A-GNSS assistance data are desired (e.g., in case the UE requiresits own
location with autonomous self location or as part of a positioning procedure when the E-SMLC provided
assistance data are not sufficient for the UE to fulfill the request) and sends a L PP Request Assistance Data
message to the E-SMLC. This request includes an indication of which specific A-GNSS assistance data are
requested for each GNSS, possibly together with additional information (e.g., for which GNSS signal types, or
satellites, or times the assistance is requested, etc.). Additional information concerning the UE's approximate
location and serving and neighbour cells may also be provided in the Request Assistance Data message and/or in
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an accompanying Provide Location Information message to help the E-SMLC provide appropriate assistance
data. This additional data may include the UE's last known location if available, the cell 1Ds of the UE serving
eNodeB and possibly neighbour eNodeBs, as well as E-CID measurements.

(2) The E-SMLC provides the requested assistance data in a LPP Provide Assistance Data message, if available at
the E-SMLC. The entire set of assistance data may be delivered in one or several LPP messages, e.g., one
message per GNSS. In this case, this step may be repeated by the E-SMLC severa times. If any of the UE
requested assistance datain step (1) are not provided in step 2, the UE shall assume that the requested assistance
data are not supported, or currently not available at the E-SMLC. If none of the UE requested assistance datain
step (1) can be provided by the E-SMLC, return any information that can be provided in an L PP message of type
Provide Assistance Data which includes a cause indication for the not provided assistance data.

8.1.3.3 Location Information Transfer Procedure

The purpose of this procedure isto enable the E-SMLC to request position measurements or location estimate from the
UE, or to enable the UE to provide location measurements to the E-SMLC for position calculation (e.g., in case of basic
self location where the UE requests its own location).

8.1.3.3.1 E-SMLC initiated Location Information Transfer Procedure

Figure 8.1.3.3.1-1 shows the Location Information Transfer operations for the network-assisted GNSS method when the
procedure isinitiated by the E-SMLC.

UE E-SMLC

~¢— 1. LPP Request Location Information

—— 2. LPP Provide Location Information —P

Figure 8.1.3.3.1-1: E-SMLC-initiated Location Information Transfer Procedure

(1) The E-SMLC sends a LPP Request Location Information message to the UE for invocation of A-GNSS
positioning. This request includes positioning instructions such as the GNSS mode (UE-assisted, UE-based, UE-
based preferred but UE-assisted allowed, UE-assisted preferred, but UE-based allowed, standalone), positioning
methods (GPS, Galileo, Glonass, etc. and possibly non-GNSS methods, such as downlink positioning or E-CID),
specific UE measurements requested if any, such as fine time assi stance measurements, velocity, carrier phase,
multi-frequency measurements, and quality of service parameters (accuracy, response time).

(2) The UE performs the requested measurements and possibly calculates its own location. The UE sends an LPP
Provide Location Information message to the E-SMLC before the Response Time provided in step (1) elapsed. If
the UE is unable to perform the requested measurements, or if the Response Time provided in step 1 elapsed
before any of the requested measurements have been obtained, the UE returns any information that can be
provided in an LPP message of type Provide Location Information which includes a cause indication for the not
provided location information.

8.1.3.3.2 UE-initiated Location Information Delivery Procedure

Figure 8.1.3.3.2-1 shows the L ocation Information delivery operations for the UE-assisted GNSS method when the
procedure isinitiated by the UE.
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UE E-SMLC

——— 1. LPPProvide Location Information =~ ———

Figure 8.1.3.3.2-1: UE-initiated Location Information Delivery Procedure

(1) The UE sends an LPP Provide Location Information message to the E-SMLC. The Provide Location Information
message may include any UE measurements (GNSS pseudo-ranges, and other measurements) already available
at the UE.

8.2 Downlink positioning method

8.2.1 General

In the downlink positioning method, the UE positioning is estimated based on measurements taken at the UE of
downlink radio signals from multiple eNodeBs, along with knowledge of the geographical coordinates of the measured
eNodeBs and their relative downlink timing.

The specific positioning techniques used to estimate the UE"s location from this information are beyond the scope of
this specification.
8.2.2 Transferred information

This subclause defines the information that may be transferred between E-SMLC and UE/eNodeB.

8.2.2.1 Assistance Data that may be transferred from the E-SMLC to UE
The following assi stance data may be transferred from the E-SMLC to the UE:
- Physical cell IDs (PCls) and global cell IDs (GCls) of candidate cells for measurement;

- Timing relative to the serving eNodeB of candidate cells;

8.2.2.2 Assistance Data that may be transferred from the eNodeB to E-SMLC
The following assi stance data may be transferred from the eNodeB to the E-SMLC:

- PCI and GCI of the cells under the eNodeB;

- Timing information on the eNodeB;

- Geographica candidates of the eNodeB.

An eNodeB may provide assistance data relating only to itself via LPPa signalling, although assistance datafrom
several eNodeBs may be acquired through other mechanisms, see NOTE below.

NOTE: The assistance data described in this section are not necessarily transferred only from the eNodeB, and in
some deployment options may not be delivered from the eNodeB at all; they may also be delivered to the
E-SMLC through OA&M or other mechanisms external to the E-UTRAN. In addition, in cases where
assistance data are delivered from the eNodeB, how the eNodeB acquires the data is outside the scope of
this specification.
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8.2.2.3 Location Information that may be transferred from the UE to E-SMLC

The information that may be signalled from UE to the E-SMLC islisted in Table 8.2.2.3-1. The individual UE
measurements are defined in [20, 21].

Table 8.2.2.3-1: Information that may be transferred from UE to the E-SMLC

Information Measurements
Downlink Measurement Results List for Physical cell IDs
EUTRA Global cell IDs
Downlink timing measurements

Editor's Note: The details of the measurements are FFS.

8.2.3 Downlink Positioning Procedures

The procedures described in this subclause support downlink positioning measurements obtained by the UE and
provided to the E-SMLC using LPP, or obtained by the eNode B and provided to the E-SMLC using L PPa.

In this version of the specification only the UE-assisted downlink positioning is supported.

8.2.3.1 Capability Transfer Procedure

The Capability Transfer procedure for Downlink positioning is described in subclause 7.1.2.1.

8.23.1.1 Void
8.2.3.2 Assistance Data Transfer Procedure
8.2.3.2.1 Assistance Data Transfer between E-SMLC and UE

The purpose of this procedure is to enable the E-SMLC to provide assistance datato the UE (e.g., as part of a
positioning procedure) and the UE to request assistance data from the E-SMLC (e.g., as part of a positioning procedure
or for autonomous self location (i.e., UE determines its own location)).

8.2.3.21.1 E-SMLC-initiated assistance data delivery

Figure 8.2.3.2.1.1-1 shows the Assistance Data Delivery operations for the downlink positioning method when the
procedure isinitiated by the E-SMLC.

UE E-SMLC

«¢——— 71 LPP Provide Assistance Data

Figure 8.2.3.2.1.1-1: E-SMLC-initiated Assistance Data Delivery Procedure
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(1) The E-SMLC determines that assistance data needs to be provided to the UE (e.g., as part of a positioning
procedure) and sends an LPP Provide Assistance Data message to the UE. This message may include any of the
downlink positioning assistance data defined in subclause 8.2.2.1.

8.2.3.2.1.2 UE-initiated assistance data transfer

Figure 8.2.3.2.1.2-1 shows the Assistance Data Transfer operations for the downlink positioning method when the
procedure isinitiated by the UE.

UE E-SMLC

——— 1. LPP Request Assistance Data EE—

— 2. LPP Provide Assistance Data

Figure 8.2.3.2.1.2-1: UE-initiated Assistance Data Transfer Procedure

(1) The UE determines that certain downlink positioning assistance data are desired (e.g., in case the UE requiresits
own location with autonomous self location, or as part of a positioning procedure when the E-SM L C-provided
assistance data are not sufficient for the UE to fulfill the request) and sends an L PP Request Assistance Data
message to the E-SMLC. This request includes an indication of which specific downlink assistance data are
requested. Additional information concerning the UE's approximate location and serving and neighbour cells
may a so be provided in the Request Assistance Data message and/or in an accompanying Provide Location
Information message to help the E-SM L C provide appropriate assistance data. This additional data may include
the UE's last known location if available, the cell 1Ds of the UE serving eNodeB and possibly neighbour
eNodeBs, as well as E-CID measurements.

(2) The E-SMLC provides the requested assistance in an LPP Provide Assistance Data message, if available at the
E-SMLC. If any of the UE requested assistance datain step (1) are not provided in step 2, the UE shall assume
that the requested assistance data are not supported, or currently not available at the E-SMLC. If none of the UE
requested assistance datain step (1) can be provided by the E-SMLC, return any information that can be
provided in an LPP message of type Provide Assistance Data which includes a cause indication for the not
provided assistance data.

8.2.3.2.2 Assistance Data Delivery between E-SMLC and eNodeB
The purpose of this procedure is to enable the eNodeB to provide assistance data to the E-SMLC, for subsequent

delivery to the UE using the procedures of sub clause 8.2.3.2.1 or for use in the calculation of positioning estimates at
the E-SMLC.

8.2.3.2.2.1 Void

8.2.3.2.2.2 E-SMLC-initiated assistance data delivery to the E-SMLC

Figure 8.2.3.2.2.2-1 shows the Assistance Data Delivery operation from the eNodeB to the E-SMLC for the downlink
positioning method, in the case that the procedure is initiated by the E-SMLC.
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eNode B E-SMLC
LPPa Message(Type: OTDOA INFORMATION
%) REQUEST)
sl
LPPa Message(Type: OTDOA INFORMATION RESPONSE/
) FAILURE)

>

Figure 8.2.3.2.2.2-1: E-SMLC-initiated Assistance Data Delivery Procedure

(1) The E-SMLC determines that certain downlink positioning assistance data are desired (e.g., as part of aperiodic
update or as triggered by OAM) and sends an LPPa OTDOA INFORMATION REQUEST message to the
eNode B. This request includes an indication of which specific downlink assistance data are requested.

(2) The eNode B provides the requested assistance in an LPPa OTDOA INFORMATION RESPONSE message, if
available at the eNode B. If the eNode B is not able to provide any information, it returns an OTDOA
INFORMATION FAILURE message indicating the cause of the failure.

8.2.3.3 Location Information Transfer Procedure

The purpose of this procedureis to enable the E-SMLC to request position measurements from the UE, or to enable the
UE to provide location measurements to the E-SMLC for position calculation (e.g., in case of basic self location where
the UE requests its own location).

8.2.3.3.1 E-SMLC-initiated Location Information Transfer

Figure 8.2.3.3.1-1 shows the Location Information Transfer operations for the downlink positioning method when the
procedure isinitiated by the E-SMLC.

UE E-SMLC

-4— 1. LPP Request Location Information

2. LPP Provide Location Information —P

Figure 8.2.3.3.1-1: E-SMLC-initiated Location Information Transfer Procedure

(1) The E-SMLC sends an LPP Request Location Information message to the UE. This request includesindication
of downlink measurements requested, including any needed measurement configuration information, and
required response time.

(2) The UE obtains downlink measurements as requested in step 1. The UE then sends an LPP Provide Location
Information message to the E-SMLC, before the Response Time provided in step (1) elapsed, and includes the
obtained downlink measurements. If the UE is unable to perform the requested measurements, or the Response
Time elapsed before any of the requested measurements were obtained, the UE returns any information that can
be provided in an LPP message of type Provide Location Information which includes a cause indication for the
not provided location information.

8.2.3.3.2 UE-initiated Location Information Delivery procedure

Figure 8.2.3.3.2-1 shows the Location Information Delivery procedure operations for the downlink positioning method
when the procedure isinitiated by the UE.
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UE E-SMLC

1. LPP Provide Location Information ———

Figure 8.2.3.3.2-1: UE-initiated Location Information Delivery Procedure.

(1) The UE sends an LPP Provide Location Information message to the E-SMLC. The Provide Location Information
message may include any UE downlink measurements aready available at the UE.

8.3 Enhanced cell ID positioning methods

8.3.1 General

In the Cell ID (CID)-based method, the UE position is estimated with the knowledge of the geographical coordinates of
its serving eNodeB. Enhanced Cell 1D (E-CID) positioning refers to techniques which use additional UE and/or
E-UTRAN radio resource related measurements to improve the UE location estimate. For E-UTRAN access, these
measurements may include [20, 21]:

UE measurements ([20], [21]):
- Reference signal received power (RSRP);
- Reference Signal Received Quality (RSRQ);
- UE Rx—Tx time difference.
E-UTRAN measurements ([20], [21]):
- eNB Rx—Tx time difference
- Timing Advance (Tapy):
- Typel: Tapy = (eNB Rx — Tx time difference) + (UE Rx — Tx time difference)
- Type2: Tapy = eNB Rx — Tx time difference;
- Angle of Arrival (A0A).
Various techniques exist to use these measurements to estimate the location of the UE. The specific techniques are
beyond the scope of this specification.
8.3.2 Information to be transferred between E-UTRAN Elements

This sub clause defines the information (e.g., measurement data) that may be transferred between E-UTRAN elements.

8.3.2.1 Information that may be transferred from the E-SMLC to UE

UE-assisted Enhanced Cell-1D location does not require any assistance data to be transferred from the E-SMLC to the
UE.

UE-Based Enhanced Cell-ID location is not supported in this version of the specification.

8.3.2.2 Information that may be transferred from the UE to E-SMLC
The information that may be signalled from UE to the E-SMLC islisted in table 8.3.2.2-1.
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Table 8.3.2.2-1: Information that may be transferred from UE to the E-SMLC

Information UE-assisted
Evolved Cell Global Identifier (ECGI)/Physical Cell ID Yes
Reference signal received power (RSRP) Yes
Reference Signal Received Quality (RSRQ) Yes
UE Rx — Tx time difference Yes
8.3.2.3 Information that may be transferred from the eNodeB to E-SMLC

The information that may be signalled from eNodeB to the E-SMLC islisted in table 8.3.2.3-1.

Table 8.3.2.3-1: Information that may be transferred from eNB to the E-SMLC

Information

Timing Advance (Taov)

Angle of Arrival (AoA)

E-UTRA Measurement Results List:
- Evolved Cell Global Identifier (ECGI)/Physical Cell ID
- Reference signal received power (RSRP)
- Reference Signal Received Quality (RSRQ)

8.3.3 Downlink E-CID Positioning Procedures
The procedures described in this subclause support E-CID related measurements obtained by the UE and provided to
the E-SMLC using LPP. Theterm ‘downlink’ isintended to indicate that from the E-SML C perspective the involved

measurements are provided by the UE; this set of procedures might also be considered as'UE-assisted, E-SM L C-based
E-CID'".

8.3.3.1 Capability Transfer Procedure

The Capability Transfer procedure for E-CID positioning is described in subclause 7.1.2.1.
8.3.3.1.1 Void

8.3.3.2 Assistance Data Delivery Procedure

Assistance data delivery is not required for UE- or eNB-assisted forms of E-CID positioning.

8.3.3.3 Location Information Transfer Procedure

The purpose of this procedureis to enable the E-SMLC to request position measurements from the UE, or to enable the
UE to provide location measurements to the E-SMLC fo