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Foreword



This Technical Report has been produced by the 3rd 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
the first 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 is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.



z
the third digit is incremented when editorial only changes have been incorporated in the document.



1
Scope



In the present document, as proposed in [1]:



· the potential benefits of using Galileo (alone or combined with GPS) on service performance: in particular the availability improvement for in urban/indoor environment are highlighted.



· the expected complexity differential between 3GPP mobiles utilizing A-GPS and those which might utilize a combination of A-GPS plus “Assisted GALILEO” are described.



· the changes that might be needed to 3GPP standards to support “assisted Galileo” in addition or in combination with the currently specified assisted GPS are identified



· from the 3GPP community point of view, the desirable characteristics of GALILEO that would minimize the impact to 3GPP mobiles when introducing the extension of A-GPS techniques to GALILEO are recommended.



These information will allow 3GPP to decide whether or not to make standard changes.



2
References



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



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



· For a specific reference, subsequent revisions do not apply.



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



[<seq>]
<doctype> <#>[ ([up to and including]{yyyy[-mm]|V<a[.b[.c]]>}[onwards])]: "<Title>".



[1]
S2-022472: “Work Item Description: Study into applicability of GALILEO for LCS” (http://www.3gpp.org/ftp/tsg_sa/WG2_Arch/TSGS2_26_Toronto/Tdocs/s2-022472.zip)



[2]
GPS Standard Positioning Service - Performance Standard - October 2001



[B1]
Department of Defense World Geodetic System 1984
Its Definition and Relationships with Local Geodetic Systems.
U. S. National Imagery and Mapping Agency
NIMA TR8350.2 - Third Edition - Amendment 1 - 3 January 2000



[3]
3GPP TS 25.305: "Stage 2 Functional Specification of User Equipment (UE) positioning in UTRAN”



[4]
3GPP TS 43.059: "Stage 2 Functional Specification of Location Services (LCS) in GERAN”



[5]
3GPP TS 23.271: “Functional Stage 2 Description of LCS”



3
Definitions, symbols and abbreviations



3.1
Definitions



3.2
Symbols



3.3
Abbreviations



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



GPS
Global Positioning System



MSC
Mobile services Switching Centre



4.
Benefits on Location-Based Service Performance



4.1
Signal In Space Performance



4.1.1
Attenuation Robustness



The figure 4-1 summarises the GPS and GALILEO Signal In Space modulation.



For the record the GPS L1 is Bipolar-Phase Shift Key [BPSK] modulated with a 1023 chip Pseudo Random Noise (PRN) at 1.023 MHz known as the C/A code. This C/A code sequence repeats each millisecond. The transmitted PRN code sequence is actually the Modulo-2 addition of a 50-Hz message and the C/A code.



For GALILEO L1, one pair of signals is transmitted, one signal without any data (so-called pilot signal), the other one using the same waveform carrying a navigation message of 100 bps. The GALILEO L1 is Binary Offset Carrier 2.046 Chips per second and Offset Carrier at 2,046 MHz [BOC(2,2)] modulated with a 8184 * 25 chips Pseudo Random Noise (PRN) at 2.046 MHz. This code sequence repeats each 100 millisecond.
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Figure 4-1: GPS and GALILEO Signal In Space Modulation



The Figure 4-2 shows the Receiver Code Phase RMS Error resulting from the Signal to Noise Ratio attenuation. In presence of attenuated signal, the measurements are done without Code Carrier Smoothing techniques.



Using the GALILEO Pilot signal without Navigation data, coherent integration time greater than 20 ms can be used without requesting assistance to data wipe out Navigation data as for GPS. The “GPS Delt=1(s” indicated the performances of a UE equipped with GPS 2MHz bandwidth. The two other curves illustrate the performances for a UE equipped with a 8 MHz bandwidth, and confirms the GALILEO SIS benefit with regard to the GPS SIS benefit.
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Figure 4-2: SNR and GPS/GALILEO Code Phase RMS Error Comparison



In addition, it can be highlighted that thanks to the length of 100 ms for the code sequence, if the UE can be synchronised to an absolute time with an accuracy around 100 ms by the network, the UE does not need to decode the Navigation Data message to remove the time ambiguity.



4.1.2
Bit Error Rate Improvement



The Figure 4-3 summarises the process to acquire the Galileo Navigation data each second, namely, each second,



- A predefined synchronisation pattern of 8 symbols is transmitted.



- The following 192 symbols after interleaving and Viterbi Decoding provide 96 data bits. It must be pointed out that the convolution converter had been initialised to zero before the coding of the first SNF bit and flushed with 6 null bits after the last CRC bit, so each message is independent from the other.
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Figure 4-3: GALILEO L1 Navigation Data Message Acquisition



The figure 4-4 displays the impact of the Signal to Noise ratio attenuation on the GPS BER and GALILEO BER.



Thanks to the GALILEO signal definition and the data coding, the GALILEO Bit Error Rate is by far lower than the GPS BER, allowing a better acquisition of the Navigation message in order to determine if the UE has always the relevant Navigation data. In fact, each GALILEO Navigation Message include a field called “Satellite Navigation Frame” (SNF). This field is modified each time that modifications are made in the data broadcast by this satellite.
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Figure 4-4: GPS/GALILEO BER Robustness Comparison



4.1.3
Multipath Rejection Improvement



The figure 4-5 displays the multipath effects on the Code Phase Error on the direct path measurement in case of a Carrier to Multipath ratio of 6 dB.



The “Standard GPS Processing” curve shows the maximum effect for a UE equipped with 2 MHz bandwidth Standard GPS receiver. For example, the maximum error will be around 50 meters for a delay of 290 meters. All multipaths above 430 meters will be rejected.



The “Galileo, delt=122ns” curve shows the maximum effect for a UE equipped with Galileo receiver. In order to receive the Galileo L1 SIS, the receiver shall have a bandwidth of 8 MHz instead of only 2 MHz for the GPS L1 SIS. In this case, the maximum error is limited to 20 meter and the multipaths above 180 meters will be rejected.



The “GPS, Narrow Correlator, delt=122ns” shows the effects for a UE with the same bandwidth that GALILEO, namely 8 MHz. The maximum effects will the same but they will be totally rejected only above 330 meters.
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Figure 4-5: Multipath and Code Phase Error



4.2
Navigation Accuracy Performance



4.2.1
Simulations Hypotheses and Results



Common hypotheses have been used for all the simulations, namely:



- No multipath,



- Average value has been used however the Ionosphere error varies from best to worst sites,



- The Receiver Noise values assume the use of Code Carrier Smoothing techniques. These techniques cannot be used when there are attenuation (indoor or interference) and section x presents the achievable values in these cases.



- The total URE has been considered as constant and no linked to the elevation.



- Simulation computed using 5 minutes samples over 24-hour sample interval.



Results should be used only as trend and no as committing performance.



4.2.2
Assisted GPS Performance



In order to show the GALILEO benefits on Location Based Service performance with regard to the Assisted GPS performance, some computed Assisted-GPS performance are recalled hereafter.



The following GPS reference orbit slot assignments have been extracted from [2].



Table 4-1. Reference Orbit Slot Assignments as of the Defined Epoch
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Table 4-2 extracted from [2], provides the error contributions to the total URE for a GPS SPS single frequency user.



Table 4-2. Elements of GPS SPS User Range Error
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Assuming a masking angle of 5°, the light blue/shaded areas in Figure 4-6 show location where 95% horizontal performance are greater than 10 meters for all-in-view receivers, while Figure 4-7 provides the same information for 95% vertical errors greater than 17 meters.
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Figure 4-6: GPS Single Frequency - 95% Horizontal Errors over 10 meters- 5° Masking Angle
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Figure 4-7: GPS Single Frequency - 95% Vertical Errors over 17 meters - 5° Masking Angle



4.2.3
Assisted GALILEO Performance



The GALILEO constellation includes 27 satellites defined as a Walker 27/3/1 constellation with the following characteristics:

- Semi-major Axis: 29993.707 kilometres

- Inclination: 56°

- Eccentricity: 0.



As the GALILEO satellite inclination /altitude (56° / 23616 km) are higher than the GPS satellite inclination / altitude (55° / 20181 km), GALILEO provides a better coverage for the higher latitudes.



Table 4-3 summarises the error contributions to the total URE for a GALILEO Single Frequency user receiver:



- The remaining GALILEO Ionophere error is assumed to be lower than the remaining GPS Ionopshere error because GALILEO will used an improved model with parameters updated more often.



- The Orbit and Satellite Clock error are assumed to be lower than for the GPS satellites, thanks to permanent estimation and an average update every 90 minutes.



- Thanks to the GALILEO Signal definition, the RMS GALILEO receiver noise will be lower than for the GPS. In addition the acquisition and tracking will be better as explained in section x.



Table 4-3: Elements of GALILEO User Range Error
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Assuming a masking angle of 5°, the light blue/shaded areas in Figure 4-9 show location where 95% horizontal performance are greater than 4 meters for all-in-view receivers, while Figure 4-10 provides the same information for 95% vertical errors greater than 7 meters.
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Figure 4-9: GALILEO Single Frequency - 95% Horizontal Errors over 4 meters- 5° Masking Angle
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Figure 4-10: GALILEO Single Frequency - 95% Vertical Errors over 7 meters - 5° Masking Angle



4.2.4
Combined Assisted GPS / Assisted GALILEO Performance



A UE able to receive the GPS SIS and GALILEO SIS will obtain improved performance, namely because:
- 24 GPS + 27 GALILEO will offer better robustness against masking,
- GPS Receiver Noise will be decreased, as shown section x, thanks to the use of the 8 MHz receiver bandwidth already necessary for the GALILEO signal instead of the 2 MHz receiver bandwidth.
- The GALILEO Ionosphere corrections could be used instead of the GPS Ionophere corrections.



In addition, two constellations will increased the robustness against a single constellation global failure.



Table 4-4 summarises the error contributions to the total URE for a combined GPS/GALILEO Single Frequency user receiver:



Table 4-4. Elements of Combined User Range Error
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Assuming a masking angle of 5°, the light blue/shaded areas in Figure 4-11 show location where 95% horizontal performance are greater than 2.6 meters for all-in-view receivers, while Figure 4-12 provides the same information for 95% vertical errors greater than 4.6 meters.
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Figure 4-11: GPS + GALILEO - 95% Horizontal Errors over 2.6 meters - 5° Masking Angle
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Figure 4-12: GPS + GALILEO - 95% Vertical Errors over 4.6 meters - 5° Masking Angle



4.2.5
Combined Assisted GPS / GALILEO with regard to Assisted GPS



Assuming a masking angle of 30°, the light blue/shaded areas in Figure x show location where 95% horizontal performance are greater than 10 meters for all-in-view receivers, while Figure y provides the same information for 95% vertical errors greater than 17 meters. Analyses have been computed using 5 minutes samples over 24-hour sample interval.



The 95 % Horizontal Errors over 10 meters performance achieved using the two constellations with a 30° masking angle (Figure 4-13) is roughly identical to the achieved 95 % Horizontal Errors performance using only the GPS constellation with a 5° masking angle (Figure 4-14).
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Figure 4-13: GPS + GALILEO - 95% Horizontal Errors over 10 meters- 30° Masking Angle
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Figure 4-14: GPS + GALILEO - 95% Vertical Errors over 17 meters - 30° Masking



The following table summarises the various “Worst Site 95% Errors Statistics” depending on the constellation and the masking angle.



Table 4-5: Comparison of End-User Performance



GPS
SPS


GALILEO
L1


Masking
Angle


Worst Site
95% Horizontal Errors
Statistics


Worst Site
95% Horizontal Errors
Statistics





(





5°
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20.0 meters








(





5.0 meters


8.0 meters





(


(





2.8 meters


5.0 meters





(


(


30°


12.0 meters


30.0 meters





5 Identification of the architecture impacts with present GALILEO definition



5.1
Function Identification



The following Figure 5-1 extracted from TS 23.271 [5] recall the general arrangement of LCS in GERAN and UTRAN.






[image: image20.wmf]GMLC



2G-



MSC



3G-



SGSN



2G-



SGSN



MSC



server



GERAN



UTRAN



UE



gsmSCF



Lg



Gb



A



Lg



Lc



Le



*Note 2



Iu



HSS



*Note 1



Iu



Iu



Lg



Um



Uu



   Lg



Lh



External LCS



Client



Iu



LIF-MLP



OSA API



Proprietary



OSA SCS



Proprietary



* 



Note 3



NOTE 1:



HSS includes both 2G-HLR and 3G-HLR functionality. LCS is included in the overall network



architecture in TS 23.002 [



20



].



NOTE 2:



LIF-MLP may be used on the Le interface



NOTE 3:



As one alternative the LCS client may get location information directly from GMLC, which may



contain OSA Mobility SCS with support for the OSA user location interfaces. See TS 23.127 [26] and



TS 29.198 [27, 28, 29 and 30].






Figure 5-1: General arrangement of LCS



Table 5-1 shows a summary of the Functional Groups and Functional Blocks for Location services. Table 5-2 and figure 5-2 show the generic configuration for LCS and the distribution of LCS functional blocks to network elements. The PNSMF, PNDAF and PNADF functions have been added.



In the Table 5-1 and 5-2, the grey cells indicated functions impacted by the use of Galileo.



Table 5-1: Summary of Functional Groups and Functional Blocks for Location services



Functional Group


Functional Component


Full Name of Functional Block


Abbrev.





Loc. Client


Location Client 
Component


(External) Location Client Function


LCF











Internal Location Client Function


LCF-internal





LCS Server in PLMN


Client Handling Component


Location Client Control Function


LCCF











Location Client Authorization Function


LCAF








System Handling Component


Location System Control Function


LSCF











Location System Billing Function


LSBF











Location System Operations Function


LSOF











Location System Broadcast Function


LSBcF








Subscriber Handling Component


Location Subscriber Authorization Function


LSAF











Location Subscriber Privacy function


LSPF








Positioning
Component


Positioning Radio Control Function


PRCF











Positioning Calculation Function


PCF











Positioning Signal Measurement Function


PSMF











Positioning Navigation Signal Measurement Function


PNSMF











Positioning Navigation Data Acquisition Function


PNDAF











Positioning Navigation Assistance Data Function


PNADF











Positioning Radio Resource Management


PRRM





The Positioning Navigation Signal Measurement Function (PNSMF) is responsible for measuring the Satellite Navigation Signal In Space in order to provide pseudo-distance, namely the transmission delay.



The Positioning Navigation Data Acquisition Function (PNDAF) is responsible for acquiring the Satellite Navigation Data transmitted by the Navigation Satellites.



The Positioning Navigation Assistance Data Function (PNADF) is responsible for providing the relevant Satellite Navigation data to the UE.



Table 5-2: Allocation of LCS Functional Entities to Network Elements






UE


RAN


GMLC


SGSN


MSC/MSC Server


HLR/HSS


Client





Location Client Functions





LCF


X








X


X





X





LCF-Internal


Ffs


X




















Client Handling Functions





LCCTF








X

















LCCF








X

















LCAF








X

















System Handling Functions





LSCF





X





X


X











LSBF








X


X


X











LSOF


X


X


X


X


X











LSBcF


X


X




















Subscriber Handling Functions





LSAF











X


X











LSPF











X


X


X








Positioning Functions





PRCF





X




















PCF


X


X




















PSMF


X


X




















PNSMF


X


X




















PNDAF


X


X




















PNADF





X




















PRRM





X
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Figure 5-2: Generic LCS Logical Architecture



The following table summarise the LCS Functional Entities impacted by the adjunction of GALILEO.



Table 5-3: LCS Functional Entities impacted by GALILEO



Abbreviation


Full Name of Functional Block


UE


RAN





LSBcF


Location System Broadcast Function


X


X





PCF


Positioning Calculation Function


X


X





PNSMF


Positioning Navigation Signal Measurement Function


X


X





PNDAF


Positioning Navigation Data Acquisition Function


X


X





PNADF


Positioning Navigation Assistance Data Function





X





5.2
Impacts on Positioning Navigation Signal Measurement Function (PNSMF)



1) 8 MHz bandwidth for Galileo instead of 2 MHz for GPS



2) Two GALILEO signals (Pilot Tone Signal / Navigation Signal) instead of one GPS signals. If UE always assisted and synchronised by the PLMN, then only the Pilot Tone Signal can be used to offer better robustness against attenuation, else the two signals shall be tracked.



5.3
Impacts on Positioning Navigation Data Acquisition Function (PNDAF)



1) Data rate and Message coding different (see section 4.1.2).



5.4
Impacts on Positioning Calculation Function (PCF)



1) Elementary GALILEO Navigation Data roughly the same than the GPS Navigation Data. Identified delta:



- Offset for orbit inclination (55° instead of 54°)



- Initial time not fixed. For GPS, it is at midnight UTC(USNO) on the night of January 5, 19080/ mornig of January 6,1980.



- GALILEO SV Health of 8 bits instead of 6 bits for GPS SV Health.



- To Be completed



5.5
Impacts on Positioning Navigation Assistance Data Function (PNADF)



1) Two constellations: 24 GPS + 27 GALILEO instead one constellation.



How specify constellation? It is also true for GLONASS [Russian Navigation Constellation], SBAS (WAAS/EGNOS/MTSAT).



2) More than 16 In View satellites (Some fields limited to 12 or 16 satellites in the standard)



5.6
Impacts on Location System Broadcast Function (LSBcF)



1) Potentially more data to transfer because more satellites



2) Some fields are too small. For example “Code Phase” in GPS Acquisition Assistance foreseen for 1023 chips and not for 8184 chips



3) To be completed



6 Identification of the impacts on LCS standards with present GALILEO definition



6.1
List of Release 5 TR/TS with possible impacts



In the following table, all documents using GPS term are listed. Often it is for LCS purposes but sometimes it is to manage the time in the network. In the next chapters the relevant text are extracted and comments/suggestion are proposed.



§
Doc. Identification
Title





6.2
TS 22.071-511 - Location Services (LCS) - Service description, Stage 1





6.3
TS 23.041-500 - Technical realization of Cell Broadcast Service (CBS)





6.4
TS 23.271-540 - Functional stage 2 description of LCS





6.5
TS 24.008-550 - Mobile radio interface Layer 3 specification; Core network protocols; Stage 3





6.6
TS 24.080-520 - Mobile radio interface layer 3 - supplementary services specification - Formats and coding





6.7
TS 25.123-520 - Requirements for Support of Radio Resource Management (TDD)





6.8
TS 25.133-540 - Requirements for Support of Radio Resource Management (FDD)





6.9
TS 25.215-510 - Physical layer - Measurements (FDD)





6.10
TS 25.225-520 - Physical layer - Measurements (TDD)





6.11
TS 25.302-520 - Services provided by the physical layer





6.12
TS 25.305-540 - Stage 2 functional specification of User Equipment (UE) positioning in UTRAN





6.13
TS 25.306-520 - UE Radio Access capabilities





6.14
TS 25.331-520 - Radio Resource Control (RRC) - Protocol Specification





6.15
TS 25.401-540 - UTRAN Overall Description





6.16
TS 25.402-510 - Synchronisation in UTRAN Stage 2





6.17
TS 25.413-520 - UTRAN Iu interface RANAP signalling





6.18
TS 25.423-530 - UTRAN Iur Interface RNSAP Signalling





6.19
TS 25.433-520 - UTRAN Iub interface NBAP signalling





6.20
TS 25.450-510 - UTRAN Iupc interface general aspects and principles





6.21
TS 25.452-500 - UTRAN Iupc Interface: Signalling Transport





6.22
TS 25.453-540 - UTRAN Iupc interface Positioning Calculation Application Part (PCAP) signalling





6.23
TS 25.859-500 - User Equipment (UE) positioning enhancements for 1.28 Mcps TDD





6.24
TS 25.868-501 - Node B Synchronisation for 1.28 Mcps TDD





6.25
TR 25.884-500 - Iur Neighbouring cell reporting efficiency optimisation





6.26
TS 25.945-500 - RF requirements for 1.28 Mcps UTRA TDD option





6.27
TR 25.956-500 - UTRA Repeater Planning Guidelines and System Analysis





6.28
TS 29.010-510 - Information element mapping between MS-BSS / BSS-MSC - Signalling Procedures and MAP





6.29
TS 29.198-6-510 - Open Service Access (OSA)-  Application Programming Interface (API) - Part 6: Mobility





6.30
TS 43.030-510 - Radio network planning aspects





6.31
TS 43.059-530 - Functional stage 2 description of Location Services (LCS) in GERAN





6.32
TS 43.130-500 - Iur-g interface - Stage 2





6.33
TS 44.031-550 - LCS - MS-SMLC - Radio Resource LCS Protocol (RRLP)





6.34
TS 44.035-500 - LCS - Broadcast Network Assistance for E-OTD and GPS Positioning Methods





6.35
TS 44.071-500 – LCS - Mobile radio interface layer 3 - Location Services (LCS) Specification





6.36
TS 44.118-510 - Mobile Radio Interface Layer 3 Specification - RRC Protocol - Iu Mode





6.37
TS 45.050-501 - Background for Radio Frequency (RF) requirements





6.38
TS 48.008-570 - MSC - BSS Interface; Layer 3 Specification





6.39
TS 48.018-550 - GPRS / BSS / SGSN - BSS GPRS Protocol (BSSGP)





6.40
TS 48.031-500 - LCS - SMLC/SMLC - SMLCPP Specification





6.41
TS 49.031-530 - LCS - Base Station System Application Part - LCS Extension (BSSAP-LE)





6.42
TS 51.010-1-500 - Digital cellular telecommunications system (Phase 2+); Mobile Station (MS) conformance specification; Part 1: Conformance specification





6.43
TS 51.010-2-500 - Digital cellular telecommunications system; Mobile Station (MS) conformance specification; Part 2: Protocol Implementation Conformance Statement (PICS) proforma specification





6.2
TS 22.071-511 - Location Services (LCS) - Service description, Stage 1



6.2.1
Possible Impacted Parts



Chapter 1 - Scope



LCS is being developed in phases with enhancements added in yearly releases:



1
GSM Release 98: This is the initial default phase of LCS. It provides a generic flexible architecture capable of supporting all positioning methods.  Specific support is provided for Time Of Arrival (TOA), Enhanced Observed Time Difference (E-OTD) and Global Positioning System (GPS) based positioning methods. Support is provided for emergency services, value added services and PLMN operator services.



2
GSM Release 99: This provides the same capabilities as GSM Release 98, since GSM Release 98 specifications were copied as "mirror" specifications in GSM Release 99.



3
3GPP Release 99: LCS is supported in the circuit switched domain of the 3GPP core network (GMLC connected to MSC). UTRAN R99 specifications support cell coverage (ie cell identity) based LCS. (The radio interface RRC specification also support IPDL-OTDOA and network assisted GPS (assistance data broadcasting), but the UTRAN internal interfaces do not yet support these two methods in R99.) 


4
3GPP Release 4 (including both UTRAN and GERAN): LCS shall be supported in the circuit switched domain and in the packet switched domain including GPRS. LCS shall be supported in GERAN and in UTRAN FDD and UTRAN TDD. The positioning methods in UTRAN will be at least the 3 methods identified earlier: cell coverage based, IPDL-OTDOA and assisted GPS. LCS support is to be included in the Open Service Architecture (OSA) including enhancements for the support of value added services, and support for the velocity parameter in the position request /response. The objective is to have common service descriptions for all Access Networks in this stage 1 specification. Possible deviations shall be noted in the text.


5
Future releases: For further study.



Chapter 4.1 - High Level Requirements



The following high level requirements are applicable:



1
The supporting mechanisms should incorporate flexible modular components with open interfaces that facilitate equipment interoperability and the evolution of service providing capabilities.



2
The network should be sufficiently flexible to accommodate evolving enabling mechanisms and service requirements to provide new and improved services.



3
It shall be possible to provide multiple layers of permissions to comply with local, national, and regional privacy requirements.



4
Multiple positioning methods should be supported in the different Access Networks, including (but not limited to) UL-TOA, E-OTD, IPDL-OTDOA, Network Assisted GPS and methods using cell site or sector information and Timing Advance or RoundTrip Time measurements.



5
The location determining process should be able to combine diverse positioning techniques and local knowledge when considering quality of service parameters to provide an optimal positioning request response.



6
It should be possible to provide position information to location services applications existing within the PLMN, external to the PLMN, or in Mobile Equipment;



7
Support should be provided for networks based on an Intelligent Network architecture (i.e. with specific support for CAMEL based Location Services).



Annex A - USA FCC Wireless E911 Rules



Action was taken by the FCC on  September 15, 1999, with respect to E911 location technology by the Third Report and Order (FCC 99-245).The FCC has adopted the following revisions to its wireless E911 rules: 



· Wireless carriers who employ a Phase II location technology that requires new, modified or upgraded handsets (such as GPS-based technologies) may phase-in deployment of Phase II subject to the following requirements: 



6.2.2
Comments and Proposed Modifications



TBC



6.3
TS 23.041-500 - Technical realization of Cell Broadcast Service (CBS)



6.3.1
Possible Impacted Parts



Chapter 9.4.1.2.2
 - Message Identifier



This parameter identifies the source and type of the CBS message. For example, "Automotive Association" (= source), " Traffic Reports" (= type) could correspond to one value. A number of CBS messages may originate from the same source and/or be of the same type. These will be distinguished by the Serial Number. The Message Identifier is coded in binary.



The ME shall attempt to receive the CBS messages whose Message Identifiers are in the "search list". This "search list" shall contain the Message Identifiers stored in the EFCBMI, EFCBMID and EFCBMIR files on the SIM (see 3GPP TS 11.11) and any Message Identifiers stored in the ME in a "list of CBS messages to be received". If the ME has restricted capabilities with respect to the number of Message Identifiers it can search for, the Message Identifiers stored in the SIM shall take priority over any stored in the ME.



The use/application of the Message Identifier is shown in the following list, with octet 3 of the Message Identifier shown first, followed by octet 4. Thus "1234" (hex) represents octet 3 = 0001 0010 and octet 4 = 0011 0100.



0000 - 03E7 (hex):
To be allocated by PLMN operator associations. If a Message Identifier from this range is in the "search list", the ME shall attempt to receive such CBS message.



This version of 3GPP TS 23.041 does not prohibit networks from using Message Identifiers in the range 0000 - 03E7 (hex) for Cell Broadcast Data Download to the SIM.



03E8 (hex):
LCS CBS Message Identifier for E-OTD Assistance Data message.



03E9 (hex):


LCS CBS Message Identifier for DGPS Correction Data message.



03EA (hex):


LCS CBS Message Identifier for GPS Ephemeris and Clock Correction Data message.



03EB (hex):
LCS CBS Message Identifier for GPS Almanac and Other Data message.


03EC - 0FFF (hex):
Intended for standardization in future versions of 3GPP TS 23.041. These values shall not be transmitted by networks that are compliant to this version of 3GPP TS 23.041. If a Message Identifier from this range is in the "search list", the ME shall attempt to receive this CBS message.



6.3.2
Comments and Proposed Modifications



TBC



6.4
TS 23.271-540 - Functional stage 2 description of LCS



6.4.1
Possible Impacted Parts



Chapter 3.1 - Definitions



Global Positioning System: Global Positioning System (GPS) consists of three functional elements: Space Segment (satellites), User Segment (receivers), and Control Segment (maintenance etc.). The GPS receiver calculates its own position based on the received time differences for several satellites



Mobile Assisted positioning: any mobile centric positioning method (e.g. IPDL-OTDOA, E-OTD, GPS) in which the UE provides position measurements to the network for computation of a location estimate by the network. The network may provide assistance data to the UE to enable position measurements and/or improve measurement performance


Mobile Based positioning: any mobile centric positioning method (e.g. IPDL-OTDOA, E-OTD, GPS) in which the UE performs both position measurements and computation of a location estimate and where assistance data useful or essential to one or both of these functions is provided to the UE by the network. Position methods where an UE performs measurements and location computation without network assistance data are not considered within this category


Positioning method (/locating method): principle and/or algorithm which the estimation of geographical location is based on, e.g. AOA, TOA, TDOA. For example, GPS is based on TOA, whilst OTDOA and E-OTD (on GSM) are based on TDOA



Positioning technology (/locating technology): technology or system concept including the specifications of RF interfaces, data types, etc. to process the estimation of a geographical location, e.g. GPS, E-OTD (GSM), and OTDOA (WCDMA)



Chapter 4.3.1 - Standard LCS Methods in UTRAN



The specification TS 25.305 UTRAN Stage 2 specifies the locating methods to be supported:



-
cell coverage based positioning method;



-
OTDOA positioning method;



-
GPS based positioning methods.



For more details on these positioning methods, refer to TS 25.305 [1].



Chapter 4.3.2 - Standard LCS Methods in GERAN



The specification TS 43.059 GERAN LCS Stage 2 specificies the locating methods to be supported in GERAN:



-
cell coverage based positioning method;



-
Enhanced Observed Time Difference (E-OTD) positioning method;



-
GPS based positioning methods.



Chapter 5.4.2.4 - Location System Broadcast Function (LSBcF)



The Location System Broadcast Function (LSBcF) provides broadcast capability. The LSBcF capability is only used when broadcast data is required for E-OTD, OTDOA or assisted GPS positioning methods.



Chapter 6.2 - Allocation of LCS functions to network elements



Table 6.1 shows a summary of the Functional Groups and Functional Blocks for Location services. Table 6.2 and figure 6.2 show the generic configuration for LCS and the distribution of LCS functional blocks to network elements. Different positioning methods, including network-based, mobile-based, mobile-assisted and network-assisted positioning methods may be used. With this configuration both the network and the mobiles are able to measure the timing of signals and compute the mobile's location estimate. Depending on the applied positioning method it is possible to utilise the corresponding configuration containing all needed entities. For instance, if network-based positioning is applied, the entities that are involved in measuring the mobile's signal and calculating its location estimate are allocated to the network elements of the access stratum. On the other hand, in case mobile-based or network-assisted methods are used these entities should be allocated to the UE.



LCS is logically implemented on the network structure through the addition of one network node, the Mobile Location Center (MLC). It is necessary to name a number of new interfaces. The LCS generic architecture can be combined to produce LCS architecture variants.



Table 6.1: Summary of Functional Groups and Functional Blocks for Location services



Funct.
Group


Functional component


Full name of Functional Block


Abbrev.





Loc. Client


Location Client 



Component


(External) Location Client Function


LCF











Internal Location Client Function


LCF 



-internal




















LCS Server in PLMN


Client handling component


Location Client Control Function


LCCF











Location Client Authorization Function


LCAF








System handling component


Location System Control Function


LSCF











Location System Billing Function


LSBF











Location System Operations Function


LSOF








Subscr. handling component


Location Subscriber Authorization Function


LSAF











Location Subscriber Privacy function


LSPF








Positioning component


Positioning Radio Control Function


PRCF











Positioning Calculation Function


PCF











Positioning Signal Measurement Function


PSMF











Positioning Radio Resource Management


PRRM





Table 6.2 and figure 6.2 illustrate the allocation of functional entities in the reference configuration of LCS. It is assumed that the CS and PS have either their own independent mobility management or use the joint mobility management through the optional Gs interface.



It is also seen that LCS may take benefit of the Iur interface between RNCs, when uplink radio information and measurement results are collected.



The functional model presented in the figure includes functional entities for both CS and PS related LCS. In addition, it consists of all the entities needed for different positioning methods, i.e. network based, mobile based, mobile assisted, and network assisted positioning, exploiting either uplink or downlink measurements. It is noted that the UE may use e.g. the GPS positioning mechanism, but still demand e.g. auxiliary measurements from the serving network. RAN specific functional entities are specified in TS 25.305 [1] for UTRAN and in TS 43.059 [16] for GERAN.



Table 6.2: Allocation of LCS functional entities to network elements






UE


RAN


GMLC


SGSN


MSC/MSC Server


HLR/HSS


Client





Location client functions





LCF


X








X


X





X





LCF


Internal


Ffs


X




















Client handling functions





LCCTF








X

















LCCF








X

















LCAF








X

















System handling functions
































LSCF





X





X


X






































LSBF








X


X


X











LSOF


X


X


X


X


X











Subscriber handling functions





LSAF











X


X











LSPF











X


X


X








Positioning functions





PRCF





X




















PCF


X


X
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X




















PRRM
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Figure 6.2: Generic LCS Logical Architecture



Chapter 6.3.4 - LCS support in the UE



The UE may be involved in the various positioning procedures. Specific UE involvement is specified in each of the positioning procedures specified in TS 25.305 [1] for UTRAN and TS 43.059 [16] for GERAN.



The UE interacts with the measurement co-ordination functions to transmit the needed signals for uplink based LCS measurements and to make measurements of downlink signals. The measurements to be made will be determined by the chosen location method.



The UE may also contain LCS applications, or access a LCS application through communication with a network accessed by the UE or an application residing in the UE. This application may include the needed measurement and calculation functions to determine the UE's location with or without assistance of the GSM/UMTS LCS entities.



In GSM the positioning methods supported by the UE are signalled by the UE to the core network and radio access network using Classmark3 in CS mode, as specified in TS 24.008 [24].



In UMTS the UE capability to support different positioning methods is only communicated within UTRAN, as specified in TS 25.331 [25].



The UE informs the core network about its capability to support privacy invocation request and response using Classmark2 in CS mode and MS Network Capability in PS mode, as specified in TS 24.008 [24].



The UE may also, for example, contain an independent location function (e.g. Global Satellite Positioning Service GPS) and thus be able to report its location, independent of the RAN transmissions. The UE with an independent location function may also make use of information broadcast by the RAN that assists the function.



6.4.2
Comments and Proposed Modifications



TBC



6.5
TS 24.008-550 - Mobile radio interface Layer 3 specification; Core network protocols; Stage 3



6.5.1
Possible Impacted Parts



Chapter 10.1 - Overview



Within the Layer 3 protocols defined in 3GPP TS 24.108, every message is a standard L3 message as defined in 3GPP TS 24.007 [20]. This means that the message consists of the following parts:



a)
protocol discriminator;



b)
transaction identifier;



c)
message type;



d)
other information elements, as required.



This organization is illustrated in the example shown in figure 10.1/3GPP TS 24.008.
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Figure 10.1/3GPP TS 24.008 General message organization example



Unless specified otherwise in the message descriptions of clause 9, a particular information element shall not be present more than once in a given message.



The term "default" implies that the value defined shall be used in the absence of any assignment, or that this value allows negotiation of alternative values in between the two peer entities.



When a field extends over more than one octet, the order of bit values progressively decreases as the octet number increases. The least significant bit of the field is represented by the lowest numbered bit of the highest numbered octet of the field.



Chapter 10.5.1.7 - Mobile Station Classmark 3



The purpose of the Mobile Station Classmark 3 information element is to provide the network with information concerning aspects of the mobile station. The contents might affect the manner in which the network handles the operation of the mobile station. The Mobile Station Classmark information indicates general mobile station characteristics and it shall therefore, except for fields explicitly indicated, be independent of the frequency band of the channel it is sent on.



The MS Classmark 3 is a type 4 information element with a maximum of 14 octets length.



….



<Classmark 3 Value part> ::=




< spare bit >




{
< Multiband supported : { 000 } >






< A5 bits > 




|
< Multiband supported : { 101 | 110 } > 






< A5 bits >






< Associated Radio Capability 2 : bit(4) >






< Associated Radio Capability 1 : bit(4) >




|
< Multiband supported : { 001 | 010 | 100 } > 






< A5 bits >






< spare bit >(4)






< Associated Radio Capability 1 : bit(4) > }




{ 0 | 1 < R Support > }




{ 0 | 1 < HSCSD Multi Slot Capability > }




< UCS2 treatment: bit >




< Extended Measurement Capability : bit >




{ 0 | 1 < MS measurement capability > }




{ 0 | 1 < MS Positioning Method Capability > }




{ 0 | 1 < ECSD Multi Slot Capability > }




{ 0 | 1 < ECSD Struct > }




{ 0 | 1 < GSM 400 Bands Supported : { 01 | 10 | 11 } >






< GSM 400 Associated Radio Capability: bit(4) > }




{ 0 | 1 <GSM 850 Associated Radio Capability : bit(4) > }




{ 0 | 1 <PCS 1900 Associated Radio Capability : bit(4) > }




< UMTS FDD Radio Access Technology Capability : bit >




< UMTS 3.84 Mcps TDD Radio Access Technology Capability : bit >




< CDMA 2000 Radio Access Technology Capability : bit >




{ 0 | 1
< DTM GPRS Multi Slot Class : bit(2) >






< MAC Mode Support : bit >






{0 | 1< DTM EGPRS Multi Slot Class : bit(2) > } } 




{ 0 | 1 < Single Band Support > } -- Release 4 starts here:




{ 0 | 1 <GSM 700 Associated Radio Capability : bit(4)>}




< UMTS 1.28 Mcps TDD Radio Access Technology Capability : bit >




< GERAN Feature Package 1 : bit >




{ 0 | 1 < Extended DTM GPRS Multi Slot Class : bit(2) >






< Extended DTM EGPRS Multi Slot Class : bit(2) > }




< GERAN Iu Mode Capability : bit >




< spare bit > ;



< A5 bits > ::= 




< A5/7 : bit > < A5/6 : bit > < A5/5 : bit > < A5/4 : bit >  ;



<R Support>::=




< R-GSM band Associated Radio Capability : bit(3) > ;



< HSCSD Multi Slot Capability > ::=




< HSCSD Multi Slot Class : bit(5) >  ;



< MS Measurement capability > ::=




< SMS_VALUE : bit (4) >




< SM_VALUE : bit (4) > ;



< MS Positioning Method Capability > ::=




< MS Positioning Method : bit(5) > ;



< ECSD Multi Slot Capability > ::=




< ECSD Multi Slot Class : bit(5) > ;



 < EDGE Struct> : :=




< Modulation Capability : bit >




{ 0 | 1 < EDGE RF Power Capability 1: bit(2) > }




{ 0 | 1 < EDGE RF Power Capability 2: bit(2) > }



< Single Band Support > ::=




< GSM Band : bit (4) > ;









Figure 10.5.7/3GPP TS 24.008 Mobile Station Classmark 3 information element



…



Table 10.5.1.7/3GPP TS 24.008 (continued): MS Classmark 3 information element



R-GSM band Associated Radio Capability (3 bit field)


In case where the R-GSM band is supported the R-GSM band associated radio capability field contains the binary coding of the power class associated (see GSM 45.005) (regardless of the number of GSM bands supported). A mobile station supporting the R-GSM band shall also when appropriate, (see 10.5.1.6) indicate its support in the 'FC' bit in the Mobile Station Classmark 2 information element.



NOTE: The coding of the power class for P-GSM, E-GSM, R-GSM and DCS 1800 in radio capability 1 and/or 2 is different to that used in the Mobile Station Classmark 1 and Mobile Station Classmark 2 information elements.



HSCSD Multi Slot Class (5 bit field)

In case the MS supports the use of multiple timeslots for HSCSD then the HSCSD Multi Slot Class field is coded as the binary representation of the multislot class defined in 3GPP TS 45.002 [32].



UCS2 treatment (1 bit field)


This information field indicates the likely treatment by the mobile station of UCS2 encoded character strings. If not included, the value 0 shall be assumed by the receiver.




0
the ME has a preference for the default alphabet (defined in 3GPP TS 03.38) over UCS2.




1
the ME has no preference between the use of the default alphabet and the use of UCS2.



Extended Measurement Capability (1 bit field)



This bit indicates whether the mobile station supports 'Extended Measurements' or not




0
the MS does not support Extended Measurements




1
the MS supports Extended Measurements



SMS_VALUE (Switch-Measure-Switch) (4 bit field)

The SMS field indicates the time needed for the mobile station to switch from one radio channel to another, perform a neighbour cell power measurement, and the switch from that radio channel to another radio channel.



Bits

4 3 2 1

0 0 0 0

1/4 timeslot (~144 microseconds)


0 0 0 1

2/4 timeslot (~288 microseconds)


0 0 1 0

3/4 timeslot (~433 microseconds)


 . . .


1 1 1 1

16/4 timeslot (~2307 microseconds)



SM_VALUE (Switch-Measure) (4 bit field) 
The SM field indicates the time needed for the mobile station to switch from one radio channel to another and perform a neighbour cell power measurement.



Bits

4 3 2 1

0 0 0 0

1/4 timeslot (~144 microseconds)

0 0 0 1

2/4 timeslot (~288 microseconds)

0 0 1 0

3/4 timeslot (~433 microseconds)

 . . .

1 1 1 1

16/4 timeslot (~2307 microseconds)



MS Positioning Method (5 bit field)

This field indicates the Positioning Method(s) supported by the mobile station for the provision of location services (LCS) via the CS domain in A-mode.



MS assisted E-OTD 



Bit
5




0
MS assisted E-OTD not supported




1
MS assisted E-OTD supported





Table 10.5.1.7/3GPP TS 24.008 (continued): MS Classmark 3 information element



MS based E-OTD



Bit 4




0
MS based E-OTD not supported




1
MS based E-OTD supported



MS assisted GPS



Bit 3




0
MS assisted GPS not supported




1
MS assisted GPS supported



MS based GPS



Bit 2




0
MS based GPS not supported




1
MS based GPS supported



MS Conventional GPS



Bit 1




0
conventional GPS not supported




1
conventional GPS supported



ECSD Multi Slot class (5 bit field) 




In case the ECSD MS supports the use of multiple timeslots and the number of supported time slots is different from number of time slots supported for GMSK then the ECSD Multi Slot class field is included and is coded as the binary representation of the multislot class defined in 3GPP TS 45.002 [32].



Modulation Capability



The Modulation Capability field indicates the modulation scheme the MS supports in addition to GMSK.




0
8-PSK supported for downlink reception only




1
8-PSK supported for uplink transmission and downlink reception



EDGE RF Power Capability 1 (2 bit field) 


If 8-PSK modulation is supported for both uplink and downlink, the  EDGE RF Power Capability 1 field indicates the radio capability for 8‑PSK modulation in GSM 400, GSM700, GSM850 or GSM900.



EDGE RF Power Capability 2 (2 bit field) 


If 8-PSK modulation is supported for both uplink and downlink, the EDGE RF Power Capability 2 field indicates the radio capability for 8‑PSK modulation in DCS1800 or PCS1900 if supported, and is not included otherwise.



The respective EDGE RF Power Capability 1 and EDGE RF Power Capability 2 fields contain the following coding of the 8‑PSK modulation power class (see 3GPP TS 45.005 [33]):



Bits
2 1





0 0

Reserved





0 1

Power class E1





1 0

Power class E2





1 1

Power class E3





Chapter 10.5.5.22 - PS LCS Capability



The purpose of the PS LCS Capability element is to indicate the positioning methods supported by the MS for the provision of location services (LCS) via the PS domain in Gb-mode.



The PS LCS Capability is a type 4 information element with a length of 3 octets.



The PS LCS Capability element is coded as shown in figure 10.5.135b/3GPP TS 24.008 and table 10.5.153b/3GPP TS 24.008.
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Figure 10.5.135b/3GPP TS 24.008: PS LCS Capability information element



Table 10.5.153b/3GPP TS 24.008 PS LCS Capability information element



PS LCS Capability value (octet 3, bit 1 to 5)



OTD-A (MS assisted E-OTD)



Bit 5




0
MS assisted E-OTD not supported




1
MS assisted E-OTD supported



OTD-B (MS based E-OTD)



Bit 4




0
MS based E-OTD not supported




1
MS based E-OTD supported



GPS-A (MS assisted GPS)



Bit 3




0
MS assisted GPS not supported




1
MS assisted GPS supported



GPS-B (MS based GPS)



Bit 2




0
MS based GPS not supported




1
MS based GPS supported



GPS-C (Conventional GPS)



Bit 1




0
Conventional GPS not supported 




1
Conventional GPS supported 



Octet 3, bits 8, 7, 6 are spare and shall be coded all 0.









6.5.2
Comments and Proposed Modifications



TBC



6.6
TS 24.080-520 - Mobile radio interface layer 3 - supplementary services specification - Formats and coding



6.6.1
Possible Impacted Parts



Chapter 4.4.2 - ASN.1 data types



LCS-MOLRArg
::= SEQUENCE {




molr-Type


[0]
MOLR-Type,




locationMethod

[1]
LocationMethod


OPTIONAL,




lcs-QoS



[2]
LCS-QoS




OPTIONAL,




lcsClientExternalID
[3] LCSClientExternalID

OPTIONAL,




mlc-Number


[4]
ISDN-AddressString

OPTIONAL,




gpsAssistanceData
[5]
GPSAssistanceData

OPTIONAL,




...,




supportedGADShapes
[6]
SupportedGADShapes

OPTIONAL}



-- The parameter locationMethod shall be included if and only if the molr-Type is set to value 



-- deCipheringKeys or assistanceData.



-- The parameter gpsAssistanceData shall be included if and only if the molr-Type is set to value 



-- assistanceData and locationMethod is set to value assistedGPS.



MOLR-Type::= ENUMERATED {




locationEstimate


(0),




assistanceData



(1),




deCipheringKeys



(2),




... }



-- exception handling:



-- an unrecognized value shall be rejected by the receiver with a return error cause of



-- unexpected data value.



LocationMethod::= ENUMERATED {




msBasedEOTD


(0),




msAssistedEOTD

(1),




assistedGPS


(2), 




...,




msBasedOTDOA

(3),




msAssistedOTDOA

(4)




}



-- exception handling:



-- When this parameter is received with value msBasedEOTD or msAssistedEOTD and the MS 



-- is camped on an UMTS Service Area then the receiver shall reject it 



-- with a return error cause of unexpected data value.



-- When this parameter is received with value msBasedOTDOA or msAssistedOTDOA and the MS 



-- is camped on a GSM Cell then the receiver shall reject it with a return error cause of



-- unexpected data value.



-- an unrecognized value shall be rejected by the receiver with a return error cause of



-- unexpected data value.



GPSAssistanceData::= OCTET STRING (SIZE (1..38))



-- Octets 1 to 38 are coded in the same way as the octets 3 to 7+2n of Requested GPS Data IE



-- in 3GPP TS 49.031.



Chapter 4.4.3.44 - gpsAssistanceData



The gpsAssistanceData identifier refers to the indication, which GPS assistance data is requested by the MS.



6.6.2
Comments and Proposed Modifications



TBC



6.7
TS 25.123-520 - Requirements for Support of Radio Resource Management (TDD)



6.7.1
Possible Impacted Parts



6.7.2
Comments and Proposed Modifications



TBC - Time



6.8
TS 25.133-540 - Requirements for Support of Radio Resource Management (FDD)



6.8.1
Possible Impacted Parts



6.8.2
Comments and Proposed Modifications



TBC - Time



6.9
TS 25.215-510 - Physical layer - Measurements (FDD)



6.9.1
Possible Impacted Parts



Chapter 5.1.13 - UE GPS code phase



Definition


The whole and fractional phase of the spreading code of the ith GPS satellite signal. The reference point for the GPS code phase shall be the antenna connector of the UE.





Applicable for


Void (this measurement is not related to UTRAN/GSM signals; its applicability is therefore independent of the UE RRC state)





6.9.2
Comments and Proposed Modifications



TBC



6.10
TS 25.225-520 - Physical layer - Measurements (TDD)



6.10.1
Possible Impacted Parts



Chapter 5.1.15 - UE GPS code phase



Definition


The whole and fractional phase of the spreading code of the ith GPS satellite signal. The reference point for the GPS code phase shall be the antenna connector of the UE.





Applicable for


Void (this measurement is not related to UTRAN/GSM signals; its applicability is therefore independent of the UE RRC state.)





6.10.2
Comments and Proposed Modifications



TBC



6.11
TS 25.302-520 - Services provided by the physical layer



6.11.1
Possible Impacted Parts



Chapter 9.2.18 - UE GPS code phase



This measure is mandatory for UE with UE-assisted GPS capability.



NOTE:
The UE transmits the GPS code phase in the IE "Whole GPS Chips" and in the IE "Fractional GPS Chips" defined in [13].



Measurement


UE GPS code phase





Source


L1 (UE)





Destination


RRC (RNC)





Reporting Trigger


On-demand, Event-triggered, Periodic





Description


The whole and fractional phase of the spreading code of the GPS satellite signal.





6.11.2
TS Comments and Proposed Modifications



TBC



6.12
TS 25.305-540 - Stage 2 functional specification of User Equipment (UE) positioning in UTRAN



6.12.1
Possible Impacted Parts



Chapter 4.3 - Standard UE Positioning Methods



The standard positioning methods supported within UTRAN are:



-
cell ID based method;



-
OTDOA method that may be assisted by network configurable idle periods;



-
network-assisted GPS methods.



Chapter 4.3.3 - Network-assisted GPS Methods


These methods make use of UEs, which are equipped with radio receivers capable of receiving GPS signals.



The operation of the network-assisted GPS methods is described in clause 10.



Chapter 5.2.1.2.1 - Controlling RNC



The CRNC provides the following functionality:



-
resources management:
When allocating resources the CRNC determines which UTRAN elements are involved and what to measure. The RNC is also responsible for managing the effect of UE Positioning operations on the overall performance of the radio network by:



-
controlling the variation of the UL and DL signal power level due to UE Positioning;



-
calculating the DL and UL power/interference due to UE Positioning;



-
to admit/reject the new positioning requests;



-
co-operating with Admission Control, and entities of the RRM (such as power control) to provide the system stability in terms of radio resources;



-
controlling the IPDL mechanism for OTDOA measurements. This may include the overall control of the periodical measurement fulfilment. Co-ordination among RNCs (e.g. to assure non-overlapping idle periods) will be communicated through the Iur interface.



-
broadcast of system information:
The CRNC broadcasts information in support of the selected positioning method. This broadcast information may be specially coded (i.e. encrypted) to ensure its availability only to subscribers of the service. For the case where there exists an SAS, the broadcast data is generated within the CRNC and/or, depending on the positioning method, may also be generated in the SAS which then forwards it to the CRNC over the Iupc interface for eventual broadcast over the Uu interface.



The information to be broadcast could include, for example:



-
identification and spreading codes of the neighbouring cells (the channels that are used for measurements);



-
Relative Time Difference (RTD), i.e. the timing offsets, asynchronicity between base stations, could be based on measurement results obtained by LMUs;



-
roundtrip delay estimates in connected mode;



-
the geographic position co-ordinates of the neighbouring Node B;



-
the idle period places within the frame structure for multiple cells;



-
the local time-of-day;



-
reference time, reference position, DGPS corrections, ephemeris and clock data, and almanac data.



-
request UE Positioning related measurements from its associated Node Bs and LMUs:
The measurements requested by CRNC from its associated Node Bs and LMUs is dependant on the positioning method used. The following measurement returned by a LMU to a CRNC has a general status and may be used for more than one positioning method:



-
radio interface timing information.



Signalling between Node B or LMU and CRNC is transferred using Iub signalling.



Chapter 5.2.4 - User Equipment (UE)



The UE may transmit the needed signals for uplink based UE Positioning measurements and to make measurements of downlink signals. 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 through communication with a network accessed by the UE or an application residing in the UE. This application may include the needed measurement and calculation functions to determine the UE's position with or without assistance of the UTRAN UE Positioning entities. This is 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 UTRAN transmissions. The UE with an independent positioning function may also make use of information broadcast by the UTRAN that assists the function.



Chapter 5.2.5 - Stand-alone SMLC



An SAS performs the following procedures:



-
Provide GPS assistance data to the RNC, for both UE-assisted and UE-based method types, to be delivered through point-to-point or broadcast channels to UE;



-
Act as a location calculation server if the location estimates are not to be calculated in the RNC.



The SAS communicates with the RNC over the Iupc interface enabling it to forward UE Positioning assistance data to UEs and to receive UE Positioning measurement data from the RNC.



When timing assistance is needed, the SAS relies on the RNC (and on the possibility to have GPS receivers co-located with the RNC, the Node Bs and/or present in the UEs) to obtain that.



Chapter 6.6.2.2 - Iur Interface - Signalling between SRNC and CRNC



Signalling between SRNC and CRNC is used to obtain UE Positioning information and request LCS related transmissions or other radio operation (e.g. information about IPDL configuration) that is needed by SRNC for a certain positioning method. The requested information may be e.g. GPS assistance data in case a reference GPS receiver is not available at the SRNC or RTD results that may be provided by the CRNC.



The procedures used for the signalling between SRNC and CRNC are not specified yet.



Chapter 6.6.4.1 - Uu Interface - Signalling between SRNC and Target UE



UE Positioning related signalling between an SRNC and a target UE is supported by the RRC protocol as specified in [18].



The positioning request to UE signalling flow is generic for all UE-based or UE-assisted positioning methods (OTDOA and Network-assisted GPS).
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Figure 6.1: OTDOA /GPS Positioning Message Flow


1.
The SRNC determines possible assistance data and sends a MEASUREMENT CONTROL request to the UE. In networks that include an SAS, the assistance data is generated within the SRNC or in the SAS and passed to the SRNC over the Iupc interface. If both an SAS and an SRNC with SMLC internal functionality are available, selection is based on SRNC configuration.



2.
Provided that the UE Positioning request meets the privacy criteria, the UE performs the requested measurements. If the UE is able to calculate its own position, and this is requested, the UE computes a position estimate based on measurements. Any assistance data necessary to perform these operations will either be provided in the MEASUREMENT CONTROL request or be available from broadcast sources. The resulting measurements or position estimate are returned to UTRAN in a MEASUREMENT REPORT response. If the UE cannot fulfil the request, a MEASUREMENT CONTROL FAILURE message is returned.



Chapter 6.6.4.1.1- Uu Interface - Assistance Data Delivery to UE



The assistance data signalling flow illustrated here is generic for the point-to-point delivery of positioning related assistance data to the UE, including OTDOA and Network-assisted GPS.
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Figure 6.2: OTDOA or GPS Assistance Data Delivery Flow



1.
The SRNC determines assistance data and sends it in the RRC ASSISTANCE DATA DELIVERY message to the UE. In networks that include an SAS, the UE Positioning assistance data is generated within in the SAS and passed to the SRNC over the Iupc interface.



Chapter 6.6.4.1.3 - Uu Interface - Broadcast of Assistance Data



For OTDOA and GPS, UTRAN may broadcast assistance data to the UE.



The assistance data to be broadcast for OTDOA contains the reference and neighbour cells to measure and for each neighbour cell the approximate cell timing and possibly IPDL information. The approximate cell timing may be used to simplify OTDOA measurements. Additionally, RTD values (e.g. in case of a non-synchronised network) and Node B co-ordinates for UE based OTDOA may be included for each neighbour cell. The length of the message depends on how many neighbours are included in the assistance data. Part of the broadcast message (e.g. the serving and neighbour Node B geographic co-ordinates) may be ciphered.



The assistance data to be broadcast for assisted GPS may contain a subset of or all of the following information: reference time, reference position, DGPS corrections, ephemeris and clock corrections, and almanac and other data. The broadcast message may be ciphered.



The broadcast channel that is used for the OTDOA and GPS assistance data makes use of the common UTRAN broadcast service specified in [18].



Chapter 10 - Network-assisted GPS positioning method



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



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



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



-
increase the UE GPS sensitivity; positioning assistance messages are obtained via UTRAN so the UE GPS can operate also in low SNR situations when it is unable to demodulate UE GPS signals;



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



The Network-assisted GPS methods rely on signalling between UE GPS receivers (possibly with reduced complexity) and a continuously operating GPS reference receiver network, which has clear sky visibility of the same GPS constellation as the assisted UEs. GPS reference receivers may be connected to the UTRAN to enable derivation of UE assistance signals.



Figures 10.1 and 10.2 provide an example of the end-to-end call flows for UE-assisted and UE-based positioning respectively. The SAS is an optional network element and the call segments do not apply in a network where the UE Positioning resides within the SRNC.
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Figure 10.1: Network-assisted GPS methods - UE-Assisted
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Figure 10.2: Network-assisted GPS methods - UE-Based



10.1
Timing calibration



Timing calibration is achieved by using UE or UTRAN GPS timing measurements as specified in [15].



10.2
Timing assistance



The UTRAN may derive the estimated UE position using UTRAN parameters (e.g. Cell-ID or IPDL) and may use this information, in conjunction with satellite specific ephemeris data received from the GPS reference receiver network, to derive the estimated times of arrival (code phases) for equivalent GPS satellite signals received by the UE-based GPS receiver functionality. For the UE-assisted method, the estimated code phase data may be conveyed, together with TUTRAN-GPS (as specified in [15] and [16]), from the UTRAN to the UE using higher layer signalling. The estimated code phase data value is uncertain to a degree depending on the accuracy of the UTRAN timing calibration and initial position determination methods used.



Alternatively, for the UE-based method, the UE itself may derive its location aided by assistance messages. The ephemeris data are transmitted from UTRAN to the UE using higher layer signalling. The UE may use this information, in conjunction with the UE's reference location, to derive the times of arrival (code phases) for GPS satellite signals received by the UE-based GPS receiver functionality.



10.3
GPS assistance data



The UE may receive GPS information through the UTRAN radio interface, using higher layer signalling.



When the UE is unable to detect a sufficient number of satellites, the assisted GPS method can be combined with other positioning methods. Altitude assistance can compensate for one satellite measurement.



The assistance data signalled to the UE may include all information listed below or a selected subset:



-
data assisting the measurements; e.g. reference time, visible satellite list, satellite signal Doppler, code phase, Doppler and code phase search windows. This data can be valid for a few minutes (e.g., less than 5 minutes) or longer depending on the code phase and Doppler search window size that can be accommodated by the UE;



-
data providing means for position calculation; e.g. reference time, reference position, satellite ephemeris, clock corrections. Satellite ephemeris and clock corrections data can be used for up to six hours.



NOTE:
Certain types of GPS Assistance data may be derived, wholly or partially, from other types of GPS Assistance data.



If DGPS is utilised, then differential corrections may also be transmitted. If Selective Availability is turned off, these corrections can be valid for a few minutes or more. The DGPS data is valid for a large geographical area, so one centrally located reference receiver can be used to service this large region.



10.4
UE search



Provided that timing assistance, data assistance, and/or frequency reference is available in the UE, they should be applied in the GPS signal search procedure. The UE search procedure involves a three-dimensional search for a satellite pseudorandom code, time of arrival of a signal and the associated carrier Doppler.



"Modulation wipe-off" is defined here to mean a removal of the GPS navigation data bit modulation to GPS signals received at the UE, through the application of UTRAN timing and data assistance provided from the UTRAN to the UE. This process allows the UE to coherently integrate received GPS signals beyond 1 data bit period (i.e., 20 milliseconds).



10.5
Position determination



There are two types of network-assisted GPS methods, namely UE-based and UE-assisted, which differ according to where the actual position calculation is carried out.



Computation of the position fix can either be performed in UTRAN (i.e. SRNC or SAS) for UE-assisted or in the UE for UE‑based.



The UE-based method maintains a full GPS receiver functionality in the UE, and the position calculation is carried out by the UE, thus allowing stand-alone position fixes.



In the UE-assisted method, the UE employs a reduced complexity GPS receiver functionality. This carries out the pseudorange (code phase) measurements. These are signalled, using higher layer signalling, to the specific network element that estimates the position of the UE and carries out the remaining GPS operations. In this method, accurately timed code phase signalling (as specified in [15] and [16]) is required on the downlink. If DGPS is performed in the UE, then differential corrections must be signalled to it. On the other hand, DGPS corrections can be applied to the final result in the network to improve the position accuracy without extra signalling to the UE.



10.5.1
Information to be transferred between UTRAN elements



Table 10.1 lists information for both UE-assisted and UE-based modes that may be sent from the network to UE. This information can be signalled to the UE either in a broadcast channel or as dedicated signalling.



Table 10.1: Information that may be transferred from the network to UE('Yes' = information applicable 'No' = information not applicable



Information 


UE-assisted 


UE-based 





Number of satellites for which assistance is provided


Yes


Yes





reference time for GPS (TUTRAN-GPS) (specified in [15] and [16])


Yes


Yes





3-d reference position (specified in [11])


No


Yes





ionospheric corrections


No


Yes





satellite ID for identifying the satellites for which assistance data is provided


Yes


Yes





Ephemeris & clock corrections


Yes


Yes





UTC offset


No


Yes





DGPS corrections


No


Yes





almanac data


Yes


Yes





real-time integrity (e.g. a list of unusable satellites)


No


Yes





doppler (0th order term)


Yes


No





Doppler Search Window width


Yes


No





doppler (1st order term)


Yes


No





azimuth


Yes


No





elevation


Yes


No





code phase


Yes


No





code phase centre and search window width


Yes


No





The information that may be signalled from UE to the network is listed in table 10.2.



Table 10.2: Information that may be transferred from UE to the network



Information 


UE-assisted 


UE-based 





reference time for GPS (TUE-GPS) (specified in [15] and [16])


Yes


Yes





serving cell information


No


Yes





Latitude/Longitude/Altitude/Error ellipse


No


Yes





velocity estimate in the UE


No


Yes





satellite ID for which measurement data is valid


Yes


No





Whole/Fractional chips for information about the code-phase measurement


Yes


No





C/N0 of the received signal from the particular satellite used in the measurements


Yes


No





doppler frequency measured by the UE for the particular satellite


Yes


No





pseudorange RMS error


Yes


No





multipath indicator


Yes


No





number of Pseudoranges


Yes


No





Table 10.3 shows the information that may be transferred from Node B to its CRNC. If the CRNC is not the SRNC the information is also forwarded from CRNC to SRNC.



Table 10.3: Information that may be transferred from Node B/LMU to CRNC and between RNCs



Information 


UE-assisted 


UE-based 





reference time for GPS (TUTRAN-GPS) (specified in [15] and [16])


Yes


Yes





10.5.1.1
Almanac data



The almanac parameters specify the coarse, long-term model of the satellite positions and clocks. These parameters are a subset of the ephemeris and clock correction parameters in the Navigation Model, although with reduced resolution and accuracy. The almanac model is useful for receiver tasks that require coarse accuracy, such as determining satellite visibility. The model is valid for up to one year, typically. Since it is a long-term model, the field should be provided for all satellites in the GPS constellation.



Optionally, "SV Global Health" information may accompany this almanac information. This additional information is composed of the sequence of all non-parity data bits contained in words 3-10 of page 25 of subframe 4 of the GPS navigation message followed by the sequence of all non-parity bits contained in words 3-10 of page 25 of subframe 5 of the GPS navigation message. The following GPS navigation message fields are excluded when constructing these sequences: "Data ID", "SV (Page) ID", and "t".



10.5.1.2
DGPS corrections



In order to allow a UE to estimate its position more accurate, biases in the pseudorange measurements may be provided to the UE.


Status/Health


This information indicates the status of the differential corrections contained in the message.



IODE



This is the sequence number for the ephemeris for the particular satellite. The UE can use this information to determine if new ephemeris is used for calculating the corrections that are provided in the broadcast message. This eight-bit IE is incremented for each new set of ephemeris for the satellite and may occupy the numerical range of [0, 239] during normal operations. More information about this field can be found from [24].



User Differential Range Error (UDRE)


The UDRE provides an estimate of the uncertainty (1-() in the corrections for the particular satellite. The value in this field shall be multiplied by the UDRE Scale Factor in the common Corrections Status/Health field to determine the final UDRE estimate for the particular satellite. More information about this field can be found from [24].



Pseudo-Range Correction (PRC)


The PRC indicates the correction to the pseudorange for the particular satellite at the GPS Reference Time, t0. The PRC definition here is different from the one given in [24].



Pseudo-Range Rate Correction (RRC)


This information indicates the rate-of-change of the pseudorange correction for the particular satellite, using the satellite ephemeris identified by the IODE IE. The RRC definition here is different from the one given in [24].



Delta Pseudo-Range Correction 2 (Delta PRC2)



This information indicates the difference in the pseudorange correction between the satellite's ephemeris identified by IODE and the previous ephemeris two issues ago IODE-2.



Delta Pseudo-Range Rate Correction 2 (Delta RRC2)



This information indicates the difference in the pseudorange rate-of-change correction between the satellite's ephemeris identified by IODE and IODE-2.



Delta Pseudo-Range Correction 3 (Delta PRC3)



This information indicates the difference in the pseudorange correction between the satellite's ephemeris identified by IODE and the previous ephemeris three issues ago IODE - 3.



Delta Pseudo-Range Rate Correction 3 (Delta RRC3)



This information indicates the difference in the pseudorange rate-of-change correction between the satellite's ephemeris identified by IODE and IODE-3.



10.5.1.3
Ionospheric corrections



The Ionospheric Model contains information needed to model the propagation delays of the GPS signals through the ionosphere. Proper use of these information allows a single-frequency GPS receiver to remove approximately 50% of the ionospheric delay from the range measurements. The Ionospheric Model is valid for the entire constellation and changes slowly relative to the Navigation Model.



10.5.1.4
Ephemeris data and clock correction



Ephemeris data and clock corrections provide an accurate model of the satellite positions to the UE.



10.5.1.5
Real Time integrity monitor function



An Integrity Monitor (IM) function in the network should detect unhealthy (i.e., failed/failing) satellites. Excessively large pseudo range errors, as evidenced by the magnitude of the corresponding DGPS correction determined by the IM, may be used to detect unhealthy satellites. Unhealthy satellites should be detected very close to the occurrence of the satellite failure (e.g. 10 seconds) and marked in an unhealthy satellite list as unusable/bad. When unhealthy satellites are detected, the assistance and/or DGPS correction data should not be supplied for these satellites. Upon receiving the list of unhealthy satellites from the SRNC, the UE shall consider the data associated with these satellites to be invalid.



The IM function should also inform the UE of measurement quality in DGPS modes when satellites are healthy. This can be done by computing the position of the DGPS reference receiver using its derived pseudo ranges and differential corrections at the IM, and differencing the IM computed position with the known location of the DGPS reference receiver to compute a position error. When the error in the IM computed position is excessive for solutions based upon healthy satellites only, DGPS users should be informed of measurement quality through the supplied User Differential Range Error (UDRE) adjusted values based on the operation of the IM. The UE should use the measurement quality as a factor in weighing data obtained from associated satellites in its position calculation.



NOTE:
UDRE is one of the IEs contained in the DGPS information ([19]).



The real-time Integrity Monitor function provides the following information to a UE:



-
BadSATid;



-
UDRE value adjusted based on the measurement quality.



BadSATid is a lit of unhealthy (i.e., failed/failing) satellites. The UE shall consider any assistance or DGPS data of these satellites as invalid.



Adjusted UDRE value reports the measurement quality of the corresponding satellites. The UE should consider the quality while calculating its position.



10.5.1.6
GPS reference time



GPS reference time may be used to provide a mapping between UTRAN and GPS time.



GPS TOW Assist



This information contains several fields in the Telemetry (TLM) Word and Handover Word (HOW) that are currently being broadcast by the respective GPS satellites. Combining this information with GPS TOW helps the UE with time-recovery needed to predict satellite signal.



TLM Message



This information contains a 14-bit value representing the Telemetry Message (TLM) being broadcast by the GPS satellite identified by the particular SatID, with the MSB occurring first in the satellite transmission.



Anti-Spoof/Alert



These information contain the Anti-Spoof and Alert flags that are being broadcast by the GPS satellite identified by SatID.



TLM Reserved



These information contain the two reserved bits in the TLM Word being broadcast by the GPS satellite identified by SatID, with the MSB occurring first in the satellite transmission.


10.5.1.7
UTC



UTC parameters may be used to provide Coordinated Universal Time to the UE.



10.5.1.8
Reference Location



The Reference Location contains a 3-D location (without uncertainty) specified as per [11]. The purpose of this field is to provide the UE with a priori knowledge of its position in order to improve GPS receiver performance.



10.5.1.9
Additional non-GPS related information



Additional non-GPS measurements performed by UTRAN or UE may be used by the SRNC to improve the performance of the UE-assisted GPS method. This information may be RTT in FDD or Rx Timing Deviation in TDD, UE receiving transmitting time (UE Rx-Tx), SFN-SFN observed time difference or CPICH Ec/No. All the additional measurements are defined in [15] and [16] and can be made available through RRC signalling for UE measurements or NBAP signalling for UTRAN measurements.



Furthermore, to those UE technologies requiring externally provided sensitivity and time aiding data, some navigation bits may be sent from UTRAN to UE for sensitivity assistance and time recovery.



10.6
Network Assisted GPS positioning Procedure



The diagram in Figure 10.3 and Figure 10.2 illustrate the operations for the network assisted GPS when the request for position information is initiated by a LCS application signalled from the Core Network. A detailed description of the positioning procedure is given as follows. Note that the procedure is for illustration purpose and actual implementations may vary.
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Figure 10.3: Network-assisted GPS methods



1.
The operation begins with an authenticated request for positioning information about a UE from an application in the core network being received at the SRNC. The SRNC acts as interface between the Core Network and the UE Positioning entities in the UTRAN. The SRNC considers the request and the capabilities of the UE and the UTRAN. In networks that include the SAS, the SRNC may invoke the SAS via the Iupc interface.



2.
Depending on the UE capabilities, the network sends to the UE certain GPS assistance information. This information may include: the reference time for GPS, the satellite IDs, the Doppler frequency, the search window and its centre, the ephemeris and clock corrections, the almanac, and other information specified in 10.5.1.




For UE-based method, jump to step 8.




For UE-assisted method, the SRNC may optionally request the following information before the assistance message(s) is (are) sent to the UE: the LMU update*, the RTT measurements (from the Node Bs in the active set) to compensate for the one-way propagation delays. The LMU (associated or stand-alone) returns the information containing the time difference between the Node B and the GPS (e.g. UTRAN GPS timing of cell frames or SFN-SFN Observed Time Difference) to the CRNC. The Node B returns its RTT measurement to the CRNC. If the CRNC is not the SRNC, the CRNC forwards these information to SRNC.



4.
The network requests from the UE the measurement of GPS satellite pseudoranges and other information specified in 10.5.1. These measurements may be made while the UE is in RRC connected mode CELL_DCH state. The SRNC may request SFN-SFN Observed Time Difference measurements and Rx-Tx timing difference information from the UE to support the processing related to the RTT measurements.



5.
The UE returns to the network the measurement of GPS satellite pseudoranges and other information specified in 10.5.1. If requested, the UE returns to the SRNC SFN-SFN measurements and the Rx-Tx time difference information, together with a time stamp of when these values were obtained.



6
The UE position is calculated in the network.



7.
If there is insufficient information to yield a UE positioning estimate, the SRNC may start a new process from step 3.



8.
In case of UE based method, UE returns the position estimate to the SRNC. This estimate includes the position, the estimated accuracy of the results and the time of the estimate.



9.
In networks that include the SAS, the SAS passes the position estimate to the SRNC.



10.
The SRNC passes the position estimate to the CN.



NOTE:
The LMU update (of the time difference between the GPS and the Node B) may be performed on a per-request basis (with respect to each UE Positioning request) or be performed timely that is independent of individual UE Positioning request. The latter is preferable when there is a large volume of UE Positioning requests.



6.12.2
Comments and Proposed Modifications



TBC



6.13
TS 25.306-520 - UE Radio Access capabilities



6.13.1
Possible Impacted Parts



Chapter 4.8 - UE positioning related parameters



Standalone location method(s) supported



Defines if a UE can measure its location by some means unrelated to UTRAN (e.g. if the UE has access to a standalone GPS receiver).



OTDOA UE based method supported



Defines if a UE supports the OTDOA UE based schemes.



Network Assisted GPS support



Defines if a UE supports either of the two types of assisted GPS schemes, namely "Network based", "UE based", "Both", or "none".



GPS reference time capable



Defines if a UE has the capability to measure GPS reference time as defined in [6].



Support for IPDL



Defines if a UE has the capability to use IPDL to enhance its "SFN-SFN observed time difference -type 2" measurement.



Support for Rx-Tx time difference type 2



Defines if a UE has the capability to perform the Rx-Tx time difference type 2 measurement.



Support for UE Positioning measurement validity in CELL_PCH and URA_PCH RRC states


Defines if the UE Positioning measurement are valid in CELL_PCH and URA_PCH RRC states.



Chapter 5 - Possible UE radio access capability parameter settings



Chapter 5.1 - Value ranges



Table 5.1: UE radio access capability parameter value ranges



6.13.2
Comments and Proposed Modifications



TBC



6.14
TS 25.331-520 - Radio Resource Control (RRC) - Protocol Specification



6.14.1
Possible Impacted Parts



ALL



6.14.2
Comments and Proposed Modifications



TBC



6.15
TS 25.401-540 - UTRAN Overall Description



6.15.1
Possible Impacted Parts



Chapter 3.1 - Definitions



Standalone A-GPS SMLC: logical node that interconnects to the RNC over the Iupc interface via the PCAP protocol
This node provides GPS related data to the RNC and may perform the position calculation function.



Chapter 6 - UTRAN Architecture



The UTRAN consists of a set of Radio Network Subsystems connected to the Core Network through the Iu.



A RNS consists of a Radio Network Controller one or more Node Bs and optionally one SAS. A Node B is connected to the RNC through the Iub interface.



A Node B can support FDD mode, TDD mode or dual-mode operation.



There are two chip-rate options in the TDD mode: 3.84 Mcps TDD and 1.28 Mcps TDD. Each TDD cell supports either of these options.



A Node B which supports TDD cells can support one chip-rate option only, or both options.



A RNC which supports TDD cells can support one chip-rate option only, or both options.



The RNC is responsible for the Handover decisions that require signalling to the UE.



A RNC may include a combining/splitting function to support combination/splitting of information streams (see subclause 7.2.4.3).



Inside the UTRAN, the RNCs of the Radio Network Subsystems can be interconnected together through the Iur. Iu(s) and Iur are logical interfaces. Iur can be conveyed over direct physical connection between RNCs or virtual networks using any suitable transport network.



The UTRAN architecture is shown in figure 4.
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Figure 4: UTRAN Architecture



Regarding the A-GPS positioning method, the RNC may have full internal support for this function and/or may be connected to one SAS via the Iupc interface. The following picture illustrates the resulting UTRAN architecture when the Iupc interface is adopted.
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Figure 4a: UTRAN Architecture with the Iupc option



6.15.2
Comments and Proposed Modifications



TBC



6.16
TS 25.402-510 - Synchronisation in UTRAN Stage 2



6.16.1
Possible Impacted Parts



6.16.2
Comments and Proposed Modifications



TBC - Y + Time



6.17
TS 25.413-520 - UTRAN Iu interface RANAP signalling



6.17.1
Possible Impacted Parts



6.17.2
Comments and Proposed Modifications



TBC



6.18
TS 25.423-530 - UTRAN Iur Interface RNSAP Signalling



6.18.1
Possible Impacted Parts



6.18.2
Comments and Proposed Modifications



TBC



6.19
TS 25.433-520 - UTRAN Iub interface NBAP signalling



6.19.1
Possible Impacted Parts



6.19.2
Comments and Proposed Modifications



TBC



6.20
TS 25.450-510 - UTRAN Iupc interface general aspects and principles



6.20.1
Possible Impacted Parts



6.20.2
Comments and Proposed Modifications



TBC



6.21
TS 25.452-500 - UTRAN Iupc Interface: Signalling Transport



6.21.1
Possible Impacted Parts



6.21.2
Comments and Proposed Modifications



TBC



6.22
TS 25.453-540 - UTRAN Iupc interface Positioning Calculation Application Part (PCAP) signalling



6.22.1
Possible Impacted Parts



6.22.2
Comments and Proposed Modifications



TBC



6.23
TS 25.859-500 - User Equipment (UE) positioning enhancements for 1.28 Mcps TDD



6.23.1
Possible Impacted Parts



6.23.2
Comments and Proposed Modifications



TBC - See 25035



6.24
TS 25.868-501 - Node B Synchronisation for 1.28 Mcps TDD



6.24.1
Possible Impacted Parts



6.24.2
Comments and Proposed Modifications



TBC - Time



6.25
TR 25.884-500 - Iur Neighbouring cell reporting efficiency optimisation



6.25.1
Possible Impacted Parts



6.25.2
Comments and Proposed Modifications



TBC



6.26
TS 25.945-500 - RF requirements for 1.28 Mcps UTRA TDD option



6.26.1
Possible Impacted Parts



6.26.2
Comments and Proposed Modifications



TBC Time



6.27
TR 25.956-500 - UTRA Repeater Planning Guidelines and System Analysis



6.27.1
Possible Impacted Parts



6.27.2
Comments and Proposed Modifications



6.28
TS 29.010-510 - Information element mapping between MS-BSS / BSS-MSC - Signalling Procedures and MAP



6.28.1
Possible Impacted Parts



Chapter 4.9.1.2- Inter-MSC Handover (GSM to UMTS)



----------------------------------------------------------------



        |   29.002                         25.413         |Notes



--------┼-------------------------------------------------┼-----



Forward | MAP FORWARD ACCESS SIG.    LOCATION REPORTING   |




message |     request                  CONTROL            |




Chapter 4.9.4.2 - Inter-MSC Handover (GSM to UMTS)



When the UE requires the delivery of Assistance Data for the GPS Assisted positioning method, the interworking between the BSSMAP messages encapsulated in MAP and the RANAP messages is as follows:



-----------------------------------------------------------------



        |   29.002                         25.413          |Notes



--------┼--------------------------------------------------┼-----



Forward | MAP FORWARD ACCESS SIG.    LOCATION RELATED      |




message |     request                  DATA REQUEST        |




Chapter 4.9.4.4 - Inter-MSC SRNS Relocation



When the UE requires the delivery of Assistance Data for the GPS Assisted positioning method, the interworking between the RANAP messages encapsulated in MAP and the BSSMAP messages is as follows:



-----------------------------------------------------------------



        |   29.002                         48.008          |Notes



--------┼--------------------------------------------------┼-----



Forward | MAP FORWARD ACCESS SIG.    PERFORM LOCATION      |




message |     request                  REQUEST             |




Chapter 4.9.5.1 - Inter-MSC Handover (GSM to GSM)



When the delivery to the UE of Assistance Data for the GPS Assisted positioning method fails, the interworking between the BSSMAP messages encapsulated in MAP and the RANAP messages is as follows:



-----------------------------------------------------------------



        |   29.002                         25.413          |Notes



--------┼--------------------------------------------------┼-----



Forward |                                                  |




message | “For the forward messages please refer to the    |




        |  corresponding table in section 4.9.4.2”         |




When the UE requires the delivery of Assistance Data for the GPS Assisted positioning method, the interworking between the RANAP messages encapsulated in MAP and the BSSMAP messages is as follows:



Chapter 4.9.5.4 - Inter-MSC SRNS Relocation



When the UE requires the delivery of Assistance Data for the GPS Assisted positioning method, the interworking between the RANAP messages encapsulated in MAP and the BSSMAP messages is as follows:



-----------------------------------------------------------------



        |   29.002                         48.008          |Notes



--------┼--------------------------------------------------┼-----



Forward |                                                  |




message | “For the forward messages please refer to the    |




6.28.2
Comments and Proposed Modifications



TBC



6.29
TS 29.198-6-510 - Open Service Access (OSA)-  Application Programming Interface (API) - Part 6: Mobility



6.29.1
Possible Impacted Parts



Chapter 10.1.6 - Location Methods



List of supported location methods. Possible values (other values are permitted):



· “Time of Arrival”



· “Timing Advance”



· “GPS”



· “User Data Lookup”



· “Any Time Interrogation”



6.29.2
Comments and Proposed Modifications



TBC



6.30
TS 43.030-510 - Radio network planning aspects



6.30.1
Possible Impacted Parts



6.30.2
Comments and Proposed Modifications



TBC - Time



6.31
TS 43.059-530 - Functional stage 2 description of Location Services (LCS) in GERAN



6.31.1
Possible Impacted Parts



Chapter 4 - Main concepts



A general description of location services and the service requirements is given in the specification 3GPP TS 22.071. By measuring radio signals the capability to determine the geographic location of the mobile station (MS) shall be provided. The location information may be requested by and reported to a client (application) associated with the MS, or by a client within or attached to the Core Network. The location information may also be utilised internally by GERAN, for example to support features such as home location billing. The location information shall be reported in standard formats, such as those for cell based or geographical coordinates of the location of the MS.



It shall be possible for the majority of the MS (active or idle) within a network to use the feature without compromising the radio transmission or signalling capabilities of the GERAN.



Three positioning mechanisms are supported for LCS: Timing Advance (TA), Enhanced Observed Time Difference (E‑OTD), and Global Positioning System (GPS).



Chapter 4.2.3 - Global Positioning System (GPS) positioning mechanism


The Global Positioning System (GPS) method refers to any of several variants that make use of GPS signals or additional signals derived from GPS signals in order to calculate MS position.  These variants give rise to a range of optional information flows between the MS and the network. One dimension of variation is where position calculation is performed at: a) MS-based PCF or b) network-based PCF. Another dimension is whether "assistance data" is required - irrespective of where position calculation is performed. Examples of assistance data include differential GPS data; lists of satellites in view based on approximate MS position, etc. A third dimension of variation is closely related to the preceding, namely, the origin and distribution of any assistance data.  For example, even while assistance data may be required of a GPS method, it may be optional that the assistance data originates from and is distributed within and by the PLMN, VPLMN, etc.



Chapter xxx



All



6.31.2
Comments and Proposed Modifications



TBC - Main



6.32
TS 43.130-500 - Iur-g interface - Stage 2



6.32.1
Possible Impacted Parts



Chapter 5.1.1 - General
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Figure 1: Reference architecture for the Iur-g interface.



Chapter 5.1.2 - MS Identifiers



From this architecture, there are three possible scenarios for a particular MS/UE:



a)
Both the serving and the controlling RAN nodes are BSCs.



b)
The serving RAN node is a BSC and the controlling RAN node is an RNC.



c)
The serving RAN node is an RNC and the controlling RAN node is a BSC.



These scenarios are shown in Figure 2.
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Figure 2: Scenarios using the Iur-g interface.



Chapter 7.4.4 - Information Exchange Functions



This Information Exchange functions are used to initiate, maintain and terminate information exchange between two RNC/BSS nodes. This functionality is supported by adopting the Iur procedures for Information Exchange:



· Information Exchange Initiation: This procedure is used by a BSS/RNC to request the initiation of an information exchange with another BSS/RNC. The procedure is initiated with an INFORMATION EXCHANGE INITIATION REQUEST message sent from BSS1 to BSS2/RNC2 or by RNC1 to BSS2. Upon reception, the BSS2/RNC2 shall provide the requested information according to the parameters given in the request. 



· Information Reporting: This procedure is used by a BSS/RNC to report the result of information requested by another BSS/RNC using the Information Exchange Initiation.



· Information Exchange Termination: This procedure is used by a BSS/RNC to terminate the information exchange requested using the Information Exchange Initiation.



· Information Exchange Failure: This procedure is used by a BSS/RNC to notify another that the information exchange it previously requested using the Information Exchange Initiation can no longer be reported.


The information which can be requested on the Iur and Iur-g interfaces is shown in the table below marked with “X”.  For information which is not applicable on the Iur-g interface, the BSS shall regard the Information Exchange Initiation procedure as failed.



Table 4: Allowed Information types on Iur and Iur-g interfaces



Information Type


Interface








Iur


Iur-g





IPDL Parameters 


X








DGPS Corrections


X








GPS Information


X








Cell Capacity Class


X


X





6.32.2
Comments and Proposed Modifications



TBC - To exclude GPS



6.33
TS 44.031-550 - LCS - MS-SMLC - Radio Resource LCS Protocol (RRLP)



6.33.1
Possible Impacted Parts



Chapter 5.1 - ASN.1 Description



-- Position Method



PositionMethod ::= ENUMERATED {




eotd (0),




gps (1),




gpsOrEOTD (2)



}









-- Location information IE



LocationInfo ::= SEQUENCE {




refFrame

INTEGER (0..65535),


-- Reference Frame number




-- If refFrame is within (42432..65535), it shall be ignored by the receiver




-- in that case the MS should provide GPS TOW if available




gpsTOW


INTEGER (0..14399999)
OPTIONAL,
-- GPS TOW




fixType


FixType,




-- Note that applicable range for refFrame is 0 - 42431




-- Possible shapes carried in posEstimate are




-- ellipsoid point,




-- ellipsoid point with uncertainty circle




-- ellipsoid point with uncertainty ellipse




-- ellipsoid point with altitude




-- ellipsoid point with altitude and uncertainty ellipsoid




posEstimate

Ext-GeographicalInformation



}



FixType ::= INTEGER {




twoDFix (0),




threeDFix (1)



} (0..1)









-- GPS-Measurement information



GPS-MeasureInfo ::= SEQUENCE {




-- Measurement info elements




-- user has to make sure that in this element is number of elements




-- defined in reference BTS identity




gpsMsrSetList
SeqOfGPS-MsrSetElement




}



SeqOfGPS-MsrSetElement ::= SEQUENCE (SIZE(1..3)) OF GPS-MsrSetElement









-- OTD measurent information 1-3 times in message



GPS-MsrSetElement ::= SEQUENCE {




refFrame

INTEGER (0..65535)
OPTIONAL, 
-- Reference Frame number




gpsTOW


GPSTOW24b,





-- GPS TOW




-- Note that applicable range for refFrame is 0 - 42431









--N_SAT can be read from number of elements of gps-msrList



gps-msrList

SeqOfGPS-MsrElement



}









-- 24 bit presentation for GPSTOW



GPSTOW24b ::= INTEGER (0..14399999)









-- measured elements in measurement parameters field



SeqOfGPS-MsrElement ::= SEQUENCE (SIZE(1..16)) OF GPS-MsrElement



GPS-MsrElement ::= SEQUENCE {




satelliteID

SatelliteID,



-- Satellite identifier




cNo



INTEGER (0..63),


-- carrier noise ratio




doppler


INTEGER (-32768..32767), 
-- doppler, mulltiply by 0.2




wholeChips

INTEGER (0..1022),


-- whole value of the code phase measurement




fracChips

INTEGER (0..1024),


-- fractional value of the code phase measurement














-- a value of 1024 shall not be encoded by the sender














-- the receiver shall consider a value of 1024 to be














-- invalid data




mpathIndic

MpathIndic,




-- multipath indicator




pseuRangeRMSErr
INTEGER (0..63)



-- index





}









-- Location error IE



LocationError ::= SEQUENCE {




locErrorReason



LocErrorReason,




additionalAssistanceData
AdditionalAssistanceData
OPTIONAL,




...



}



LocErrorReason ::= ENUMERATED {




unDefined (0),





notEnoughBTSs (1),




notEnoughSats (2),




eotdLocCalAssDataMissing (3),




eotdAssDataMissing (4),




gpsLocCalAssDataMissing (5),




gpsAssDataMissing (6),




methodNotSupported (7),




notProcessed (8),




refBTSForGPSNotServingBTS (9),




refBTSForEOTDNotServingBTS (10),




...



}









-- exception handling:



-- an unrecognized value shall be treated the same as value 0



-- defines additional assistance data needed for any new location attempt



-- MS shall retain any assistance data already received



AdditionalAssistanceData ::= SEQUENCE {




gpsAssistanceData

GPSAssistanceData

OPTIONAL,




extensionContainer

ExtensionContainer

OPTIONAL,




...



}



GPSAssistanceData ::= OCTET STRING (SIZE (1..maxGPSAssistanceData))



-- GPSAssistanceData has identical structure and encoding to octets 3 to n of the



-- GPS Assistance Data IE in 3GPP TS 49.031



maxGPSAssistanceData
INTEGER ::= 40









-- GPS assistance data IE



GPS-AssistData ::= SEQUENCE {




controlHeader

ControlHeader



}









-- Control header of the GPS assistance data



ControlHeader ::= SEQUENCE {




-- Field type Present information




referenceTime

ReferenceTime

OPTIONAL,




refLocation


RefLocation


OPTIONAL,




dgpsCorrections

DGPSCorrections

OPTIONAL,




navigationModel

NavigationModel

OPTIONAL,




ionosphericModel

IonosphericModel

OPTIONAL,




utcModel


UTCModel


OPTIONAL,




almanac


Almanac


OPTIONAL,




acquisAssist

AcquisAssist

OPTIONAL,




realTimeIntegrity SeqOf-BadSatelliteSet OPTIONAL



}



ReferenceTime ::= SEQUENCE {




gpsTime



GPSTime,




gsmTime



GSMTime



OPTIONAL,




gpsTowAssist

GPSTOWAssist

OPTIONAL



}









-- GPS Time includes week number and time-of-week (TOW)



GPSTime ::= SEQUENCE {




gpsTOW23b


GPSTOW23b,




gpsWeek



GPSWeek



}









-- GPSTOW, range 0-604799.92, resolution 0.08 sec, 23-bit presentation



GPSTOW23b ::= INTEGER (0..7559999)









-- GPS week number
GPSWeek ::= INTEGER (0..1023)









-- GPSTOWAssist consists of TLM message, Anti-spoof flag, Alert flag, and 2 reserved bits in TLM Word



-- for each visible satellite.



-- N_SAT can be read from number of elements in GPSTOWAssist



GPSTOWAssist ::= SEQUENCE (SIZE(1..12)) OF GPSTOWAssistElement



GPSTOWAssistElement ::= SEQUENCE {




satelliteID


SatelliteID,




tlmWord



TLMWord,




antiSpoof


AntiSpoofFlag,




alert



AlertFlag,




tlmRsvdBits


TLMReservedBits



}



-- TLM Word, 14 bits



TLMWord ::= INTEGER (0..16383)



-- Anti-Spoof flag



AntiSpoofFlag ::= INTEGER (0..1)



-- Alert flag



AlertFlag ::= INTEGER (0..1)



-- Reserved bits in TLM word, MSB occurs earlier in TLM Word transmitted by satellite



TLMReservedBits ::= INTEGER (0..3)



GSMTime ::= SEQUENCE {




bcchCarrier

BCCHCarrier,
-- BCCH carrier




bsic


BSIC,


-- BSIC




frameNumber

FrameNumber,




timeSlot

TimeSlot,




bitNumber

BitNumber



}









-- DGPS Corrections IE



DGPSCorrections ::= SEQUENCE {




gpsTOW

INTEGER (0..604799),
-- DGPS reference time




status

INTEGER (0..7),




-- N_SAT can be read from number of elements of satList




satList

SeqOfSatElement 




}



SeqOfSatElement ::= SEQUENCE (SIZE (1..16)) OF SatElement









-- number of correction for satellites



SatElement ::= SEQUENCE {




satelliteID

SatelliteID,









--- Sequence number for ephemeris




iode 


INTEGER (0..239),




-- User Differential Range Error




udre


INTEGER (0..3),






-- Pseudo Range Correction, range is




-- -655.04 - +655.04,




pseudoRangeCor
INTEGER (-2047..2047), 





-- Pseudo Range Rate Correction, range is




-- -4.064 - +4.064,




rangeRateCor
INTEGER (-127..127),









-- Delta Pseudo Range Correction 2 





deltaPseudoRangeCor2 
INTEGER (-127..127),
-- This IE shall be ignored by the receiver and
















-- set to zero by the sender




-- Delta Pseudo Range Correction 2





deltaRangeRateCor2

INTEGER (-7..7),

-- This IE shall be ignored by the receiver and
















-- set to zero by the sender




-- Delta Pseudo Range Correction 3




deltaPseudoRangeCor3 
INTEGER (-127..127),
-- This IE shall be ignored by the receiver and
















-- set to zero by the sender




-- Delta Pseudo Range Correction 3




deltaRangeRateCor3

INTEGER (-7..7)


-- This IE shall be ignored by the receiver and
















-- set to zero by the sender



}



SatelliteID ::= INTEGER (0..63)
-- identifies satellite









-- Navigation Model IE



NavigationModel ::= SEQUENCE {




navModelList
SeqOfNavModelElement




}









-- navigation model satellite list



SeqOfNavModelElement ::= SEQUENCE (SIZE(1..16)) OF NavModelElement



NavModelElement ::= SEQUENCE {




satelliteID

SatelliteID,







satStatus

SatStatus

-- satellite status



}









-- the Status of the navigation model



SatStatus ::= CHOICE {




-- New satellite, new Navigation Model




newSatelliteAndModelUC
UncompressedEphemeris,




-- Existing satellite, Existing Navigation Model




oldSatelliteAndModel
NULL,




-- Existing satellite, new Navigation Model




newNaviModelUC


UncompressedEphemeris,




...



}









-- Uncompressed satellite emhemeris and clock corrections



UncompressedEphemeris ::= SEQUENCE {




ephemCodeOnL2
INTEGER (0..3),




ephemURA

INTEGER (0..15),




ephemSVhealth
INTEGER (0..63),




ephemIODC

INTEGER
(0..1023),




ephemL2Pflag
INTEGER (0..1),




ephemSF1Rsvd
EphemerisSubframe1Reserved,




ephemTgd

INTEGER (-128..127),




ephemToc

INTEGER (0..37799),




ephemAF2

INTEGER (-128..127),




ephemAF1

INTEGER (-32768..32767),




ephemAF0

INTEGER (-2097152..2097151),




ephemCrs

INTEGER (-32768..32767),




ephemDeltaN

INTEGER (-32768..32767),




ephemM0


INTEGER (-2147483648..2147483647),




ephemCuc

INTEGER (-32768..32767),




ephemE


INTEGER (0..4294967295),




ephemCus

INTEGER (-32768..32767),




ephemAPowerHalf
INTEGER (0..4294967295),




ephemToe

INTEGER (0..37799),




ephemFitFlag
INTEGER (0..1),




ephemAODA

INTEGER (0..31),




ephemCic

INTEGER (-32768..32767),




ephemOmegaA0
INTEGER (-2147483648..2147483647),




ephemCis

INTEGER (-32768..32767),




ephemI0


INTEGER (-2147483648..2147483647),




ephemCrc

INTEGER (-32768..32767),




ephemW


INTEGER (-2147483648..2147483647),




ephemOmegaADot
INTEGER (-8388608..8388607),




ephemIDot

INTEGER (-8192..8191)



}









-- Reserved bits in subframe 1 of navigation message



EphemerisSubframe1Reserved ::= SEQUENCE {




reserved1

INTEGER (0..8388607),
-- 23-bit field




reserved2

INTEGER (0..16777215),
-- 24-bit field




reserved3

INTEGER (0..16777215),
-- 24-bit field




reserved4

INTEGER (0..65535)

-- 16-bit field



}









-- Ionospheric Model IE



IonosphericModel ::= SEQUENCE {




alfa0


INTEGER (-128..127),




alfa1


INTEGER (-128..127),




alfa2


INTEGER (-128..127),




alfa3


INTEGER (-128..127),




beta0


INTEGER (-128..127),




beta1


INTEGER (-128..127),




beta2


INTEGER (-128..127),




beta3


INTEGER (-128..127)



}












-- Universal Time Coordinate Model



UTCModel ::= SEQUENCE {




utcA1


INTEGER (-8388608..8388607),




utcA0


INTEGER (-2147483648..2147483647),




utcTot


INTEGER (0..255),




utcWNt


INTEGER (0..255),




utcDeltaTls

INTEGER (-128..127),




utcWNlsf

INTEGER (0..255),




utcDN


INTEGER (-128..127),




utcDeltaTlsf
INTEGER (-128..127)



}









-- Almanac, Long term model



-- NOTE: These are parameters are subset of the ephemeris



-- NOTE: But with reduced resolution and accuracy



Almanac ::= SEQUENCE {




alamanacWNa

INTEGER (0..255),
-- Once per message




-- navigation model satellite list.




-- The size of almanacList is actually Nums_Sats_Total field




almanacList

SeqOfAlmanacElement





}



SeqOfAlmanacElement ::= SEQUENCE (SIZE(1..64)) OF AlmanacElement









-- Almanac info once per satellite



AlmanacElement ::= SEQUENCE {




satelliteID


SatelliteID,




almanacE


INTEGER (0..65535),




alamanacToa


INTEGER (0..255),




almanacKsii


INTEGER (-32768..32767),




almanacOmegaDot

INTEGER (-32768..32767),




almanacSVhealth

INTEGER (0..255),




almanacAPowerHalf
INTEGER (0..16777215),




almanacOmega0

INTEGER (-8388608..8388607),




almanacW


INTEGER (-8388608..8388607),




almanacM0


INTEGER (-8388608..8388607),




almanacAF0


INTEGER (-1024..1023),




almanacAF1


INTEGER (-1024..1023)



}









-- Acquisition Assistance



AcquisAssist ::= SEQUENCE {




-- Number of Satellites can be read from acquistList




timeRelation
TimeRelation,




-- Acquisition assistance list




-- The size of Number of Satellites is actually Number of Satellites field




acquisList

SeqOfAcquisElement





}



SeqOfAcquisElement ::= SEQUENCE (SIZE(1..16)) OF AcquisElement









-- the relationship between GPS time and air-interface timing



TimeRelation ::= SEQUENCE {




--




gpsTOW

GPSTOW23b,

-- 23b presentation




gsmTime

GSMTime

OPTIONAL



}









-- data occuring per number of satellites



AcquisElement ::= SEQUENCE {




svid




SatelliteID,




-- Doppler 0th order term,




-- -5120.0 - 5117.5 Hz (= -2048 - 2047 with 2.5 Hz resolution)




doppler0



INTEGER (-2048..2047),





-- Doppler 1st order term, -1.0 - +0.5 Hz/sec




addionalDoppler


AddionalDopplerFields
OPTIONAL,




codePhase



INTEGER (0..1022),
-- Code Phase




intCodePhase


INTEGER (0..19),
-- Integer Code Phase




gpsBitNumber


INTEGER (0..3), 
-- GPS bit number




codePhaseSearchWindow
INTEGER (0..15),
-- Code Phase Search Window




addionalAngle


AddionalAngleFields

OPTIONAL



}



AddionalDopplerFields ::= SEQUENCE {




doppler1



INTEGER (0..63),




dopplerUncertainty

INTEGER (0..7)



}



AddionalAngleFields
::= SEQUENCE {




-- azimuth angle, 0 - 348.75 deg (= 0 - 31 with 11.25 deg resolution)




azimuth




INTEGER (0..31),




-- elevation angle, 0 - 78.75 deg (= 0 - 7 with 11.25 deg resolution)




elevation



INTEGER (0..7)



}









-- Real-Time Integrity



-- number of bad satellites can be read from this element



SeqOf-BadSatelliteSet ::= SEQUENCE (SIZE(1..16)) OF SatelliteID









Chapter A.2.1 - General



The Measure Position Request is a RRLP component from the SMLC to the MS. This component is common to both E-OTD and GPS location methods. As a response to this component, the MS performs E-OTD or GPS measurements and possibly calculates its own position, if the MS and/or the network support these options. It contains the following elements.



Table A.1: Measure Position Request component content



Element


Type/Reference


Presence





Positioning Instructions


Positioning Instructions 2.2.1


M





E-OTD Reference BTS for Assistance Data


E-OTD Reference BTS for Assistance Data 2.2.2


O





E-OTD Measurement Assistance Data


E-OTD Measurement Assistance Data 2.2.3


O





E-OTD Measurement Assistance Data for System Information List


E-OTD Measurement Assistance Data for System Information List 2.2.4


O





GPS Assistance Data 


GPS Assistance Data 4.2.4


O





Extended Reference


Extended Reference 2.2.5


O





Chapter A.2.2.1 - Positioning Instructions Element



Positioning Methods



This field indicates which location method or methods should be used. This field is mandatory.



'0': E-OTD;



'1': GPS;



'2': E-OTD or GPS (i.e. both can be reported).



Multiple Sets



This field indicates whether MS is requested to send multiple E-OTD/GPS Measurement Information Sets. The maximum number of measurement sets is three. This is field is mandatory. MS is expected to include the current measurement set. Additionally MS may include historical measurement sets, or measure new additional sets if the response time allows that:


'0': 
multiple IEs can be send;



'1': 
sending of multiple sets is not allowed.



Chapter A.3.1 - General



The Measure Position Response is a RRLP component from the MS to the network. It is the response to the Measure Position Request. It contains the following elements. One of the three elements containing measurement data or location estimate (E-OTD Measurement Information, Location Information or GPS Measurement Information) or Location Information Error element must be included.



TableA.2: Measure Position Response component content



Element


Type/Reference


Presence





Multiple Sets 


Multiple Sets 3.2.1


O





Reference BTS Identity 


Reference BTS Identity 3.2.2


O





E-OTD Measurement Information


E-OTD Measurement Information 3.2.3


O





Location Information 


Location Information 3.2.4


O





GPS Measurement Information


GPS Measurement Information 3.2.5


O





Location Information Error


Location Information Error 3.2.6


C





Extended Reference


Extended Reference 3.2.7


C





Uplink RRLP Pseudo Segmentation Indication


Uplink RRLP Pseudo Segmentation Indication 3.2.8


C





Chapter A.3.2.1 - Multiple Sets Element



This element indicates how many E-OTD Measurement Information sets or GPS Measurement Information sets, and Reference BTS Identities are included to this element. This element is optional. If this element is absent, a single measurement set is included.



Number of E-OTD/GPS Measurement Information Sets



This field indicates the number of Number of E-OTD/GPS Measurement Information sets included to this component. This field is mandatory. If both types of measurement elements are present, then there are the equal number of them, and each pair has the same reference BTS.



Range: 2 - 3



Chapter A.3.2.5 - GPS Measurement Information Element



Number of Measurements



This field specifies the number of measurements for which measurements satellites are provided in the component. This value represents the number of satellites that were measured by the MS. This value of N_SAT determines the length of the payload portion of the component. Typical range for N_SAT is four to a maximum of 12. This field is mandatory and occurs once per set.



Table A.7a: # of Satellites field contents



Parameter


# of Bits


Resolution


Range


Units





N_SAT


4


---


1 - 16


---





Chapter A.3.2.6 - Location Information Error Element



Additional Assistance Data



This field is optional. Its presence indicates that the target MS will retain assistance data already sent by the SMLC. The SMLC may send further assistance data for any new location attempt but need not resend previous assistance data. The field may contain the following:



GPS Assistance Data:


necessary additional GPS assistance data (structure and encoding as for the GPS Assistance Data IE in 3GPP TS 49.031 excluding the IEI and length octets)





Chapter A.4.2.4 - GPS Assistance Data Element



The GPS Assistance Data element contains a single GPS assistance message that supports both MS-assisted and MS-based GPS methods. This element can contain one or more of the fields listed in table A.12 below, which support both MS-assisted and MS-based GPS methods. As table A.12 shows, all fields are optional.



Note that certain types of GPS Assistance data may be derived, wholly or partially, from other types of GPS Assistance data.



In addition, an Integrity Monitor (IM) shall detect unhealthy (e.g., failed/failing) satellites and also shall inform users of measurement quality in DGPS modes when satellites are healthy. Excessively large pseudo range errors, as evidenced by the magnitude of the corresponding DGPS correction, shall be used to detect failed satellites. Unhealthy satellites should be detected within 10 seconds of the occurrence of the satellite failure. When unhealthy (e.g., failed/failing) satellites are detected, the assistance and/or DGPS correction data shall not be supplied for these satellites. When the error in the IM computed position is excessive for solutions based upon healthy satellites only, DGPS users shall be informed of measurement quality through the supplied UDRE values. After the Bad Satellite Present flag has been set, if the satellites return to healthy condition for some period of time, the flag shall be reset.



Table A.12: Fields in the GPS Assistance Data element



Parameter


Presence





Reference Time


O





Reference Location


O





DGPS Corrections


O





Navigation Model


O





Ionospheric Model


O





UTC Model


O





Almanac


O





Acquisition Assistance


O





Real-Time Integrity


O





BCCH Carrier/BSIC/FNm/TN/BN


These fields specify the state of the GSM frame number, timeslot number, and bit number, respectively, of the reference BTS with the specified BCCH carrier and BSIC at the time that correspond to GPS TOW. The SMLC shall use the current serving BTS as the reference BTS. The frame number field is given modulo 221, i.e., the MSB of the GSM frame number is truncated. The MS shall interpret FNm as the most recent of the two possible frame numbers that FNm could represent. The target MS has the option of rejecting a GPS position request or GPS assistance data if the reference BTS is not the serving BTS.



GPS TOW Assist



This field contains several fields in the Telemetry (TLM) Word and Handover Word (HOW) that are currently being broadcast by the respective GPS satellites. Combining this information with GPS TOW enables the MS to know the entire 1.2-second (60-bit) pattern of TLM and HOW that is transmitted at the start of each six-second subframe by the particular GPS satellite. This field contains information for each of N_SAT satellites, and optional. The individual fields for each satellite in the message are shown in table A.15a.



Table A.15a: GPS TOW Assist (Fields occurring N_SAT times per message)



Parameter


# Bits


Scale Factor


Range


Units


Incl.





SatID


6


---


0 - 63


---


M





TLM Message


14


---


0 - 16383


Bit field


M





Anti-Spoof 


1


1


0 -1


Bit field


M





Alert


1


1


0 - 1


Bit field


M





TLM Reserved


2


---


0 - 3


Bit field


M





SatID



This field identifies the satellite for which the corrections are applicable. The values ranging from 0 to 63 represent satellite PRNs ranging from 1 to 64, respectively.



Reference Location


The Reference Location field contains a 3-D location (without uncertainty) specified as per 3GPP TS 23.032. The purpose of this field is to provide the MS with a priori knowledge of its location in order to improve GPS receiver performance.



DGPS Corrections


Status/Health


This field indicates the status of the differential corrections contained in the broadcast message. The values of this field and their respective meanings are shown below in table A.16.



Table A.16: Values of Status/Health IE



Code


Indication





000


UDRE Scale Factor = 1.0





001


UDRE Scale Factor = 0.75





010


UDRE Scale Factor = 0.5





011


UDRE Scale Factor = 0.3





100


UDRE Scale Factor = 0.2





101


UDRE Scale Factor = 0.1





110


Reference Station Transmission Not Monitored





111


Data is invalid - disregard





The first six values in this field indicate valid differential corrections. When using the values described below, the "UDRE Scale Factor" value is applied to the UDRE values contained in the message. The purpose is to indicate an estimate in the amount of error in the corrections.



The value "110" indicates that the source of the differential corrections (e.g., reference station or external DGPS network) is currently not being monitored. The value "111" indicates that the corrections provided by the source are invalid, as judged by the source. In the later case, the message shall contain no corrections for individual satellites. Any MS that receives DGPS Corrections in a GPS Assistance Data IE shall contain the appropriate logic to properly interpret this condition and look for the next IE.



N_SAT


This field indicates the number of satellites for which differential corrections are available. Corrections for up to 16 satellites.



SatID


This field identifies the satellite for which the corrections are applicable. The values ranging from 0 to 63 represent satellite PRNs ranging from 1 to 64, respectively.



Navigation Model


SatID


This field identifies the satellite for which the assistance is applicable. This value is the same as the PRN number provided in the navigation message transmitted by the particular satellite. The range is 0 to 63, with 0-31 indicating GPS satellites 1-32, respectively, and 32-63 indicating satellites in future augmentation systems (e.g., WAAS or EGNOS). This field is mandatory for each included satellite.



Pseudo-Range Correction (PRC)


This field indicates the correction to the pseudorange for the particular satellite at the GPS Reference Time, t0. The value of this field is given in meters (m) and the resolution is 0.32, as shown in table A.15 above. The method of calculating this field is described in [3].



If the SMLC has received a request for GPS assistance data from an MS which included a request for the navigation models and DGPS (i.e., bit D and E are set to one in ‘Requested GPS Assistance Data, see 3GPP TS 09.31), the SMLC shall determine, for each satellite, if the navigation model stored by the MS is still suitable for use with DGPS corrections (also see navigation model update conditions right before Table A.19) and if so and if DGPS corrections are supported the SMLC should send DGPS corrections without including the navigation model.



Almanac


These fields specify the coarse, long-term model of the satellite positions and clocks. These fields are given in table A.23. With one exception ((i), these parameters are a subset of the ephemeris and clock correction parameters in the Navigation Model, although with reduced resolution and accuracy. The almanac model is useful for receiver tasks that require coarse accuracy, such as determining satellite visibility. The model is valid for up to one year, typically. Since it is a long-term model, the field should be provided for all satellites in the GPS constellation. All fields in the Almanac are mandatory when the Almanac is present. The fields toa and WNa specify the GPS time-of-week and week number, respectively, that are the reference points for the Almanac parameters.



The Almanac also is useful as an acquisition aid for network-based GPS methods. Given a recent Almanac (< 3‑4 weeks old), the MS only needs Reference Time and Reference Location information to quickly acquire the signals and return measurements to the network.



The Almanac also contains information about the health of that satellite as described in [7]. If this Alamanc has been captured from the satellite signal, the SV Health field represents the predicted satellite health at the time the GPS control segment uploaded the Almanac to the satellite. According to [7], this health information may differ from the SV Health field in the Navigation Model (table A.19) due to different upload times.



The parameters Num_Sats_Total and SatID shall be interpreted in the same manner as described under table A19.



Table A.23: Almanac (per-satellite fields - (1) = Positive range only)



Parameter


# Bits


Scale Factor


Units


Incl.





The following fields occur once per message





Num_Sats_Total


6(1)


1


---


M





WNa


8(1)


1


weeks


M





The following fields occur once per satellite





SatID


6(1)


---


---


M





e(1)


16


2-21


dimensionless


M





toa(1)


8


212


sec


M





(i


16


2-19


semi-circles


M





OMEGADOT


16


2-38


semi-circles/sec


M





SV Health


8


---


Boolean


M





A1/2(1)


24


2-11


meters1/2


M





OMEGA0


24


2-23


semi-circles


M





(


24


2-23


semi-circles


M





M0


24


2-23


semi-circles


M





af0


11


2-20


seconds


M





af1


11


2-38


sec/sec


M





Acquisition Assistance


The Acquisition Assistance field of the GPS Assistance Data Information Element contains parameters that enable fast acquisition of the GPS signals in network-based GPS positioning. Essentially, these parameters describe the range and derivatives from respective satellites to the Reference Location at the Reference Time. Table A.24 illustrates the assistance data occurring once per message and table A.25 illustrates the assistance data occurring per number of satellites for which acquisition assistance is being provided.



This field is optional. The field would probably appear when the Method Type field of the Positioning Instructions IE is set to 0 (MS-Assisted) and the Positioning Methods field of the Position Instructions IE is set to 1 (GPS) or 2 (GPS or E-OTD).



Table A.24: GPS Acquisition Assist - Parameters appearing once per message



Parameter


Range


Bits


Resolution


Incl.


Notes





Number of Satellites


0 - 15


4





M








Reference Time


GPS TOW


0 -604799.92 sec


23


0.08 sec


M











BCCH Carrier


0 - 1023


10





O1











BSIC


0 - 63


6





O1











Frame #


0 - 2097151


21





O1











Timeslots #


0 - 7


3





O1











Bit #


0 - 156


8





O1








NOTE:
All of these field shall be present together, or none of them shall be present.





Table A.25: GPS Acquisition Assist - Parameters appearing [number of satellites] times per message



Parameter


Range


Bits


Resolution


Incl.


Notes





SVID/PRNID


1 - 64 (0 - 63 )


6





M








Doppler (0th order term)


-5,120 Hz to 5,117.5 Hz 


12


2.5 Hz


M








Doppler (1st order term)


--1 - 0.5


6





O1








Doppler Uncertainty


12.5 Hz - 200 Hz 
[2-n(200) Hz, n = 0 - 4]


3





O1








Code Phase 


0 - 1022 chips


10


1 chip


M








Integer Code Phase 


0-19


5


1 C/A period


M








GPS Bit number 


0 - 3


2





M








Code Phase Search Window


1 - 192 chips


4





M








Azimuth


0 - 348.75 deg


5


11.25 deg


O2








Elevation


0 - 78.75 deg


3


11.25 deg


O2








NOTE 1:
Both of these fields shall be present together, or none of them shall be present.



NOTE 2:
Both of these fields shall be present together, or none of them shall be present.





This field indicates whether or not angle information is present in this message. The MS shall interpret a value of "1" to mean that angle (Azimuth and Elevation) information is present, and "0" to mean that it is not provided. This field is mandatory.



Number of Satellites


This field contains the number of satellites identified in this information element. This field is mandatory.



Range: 0 - 15



Reference Time


The Reference Time field of the GPS Acquisition Assistance Data IE specifies the relationship between GPS time and air-interface timing of the BTS transmission in the reference cell.



GPS TOW subfield specifies the GPS TOW for which the location estimate is valid. This subfield is mandatory when the GPS Acquisition Assistance Data Information Element is included.



GPS Bit Number



This field contains GPS bit number. This field is mandatory.



Range: 0-3



Code Phase Search Window


This field contains the code phase search window. This field is mandatory.



Range: 0-15 (i.e. 1-192 chips according to following table)



Table A.26: Code Phase Search Window Parameter Format



CODE_PHASE_WIN


Code Phase Search Window (GPS chips)





'0000'


1023





'0001'


1





'0010'


2





'0011'


3





'0100'


4





'0101'


6





'0110'


8





'0111'


12





'1000'


16





'1001'


24





'1010'


32





'1011'


48





'1100'


64





'1101'


96





'1110'


128





'1111'


192





6.33.2
Comments and Proposed Modifications



TBC



6.34
TS 44.035-500 - LCS - Broadcast Network Assistance for E-OTD and GPS Positioning Methods



6.34.1
Possible Impacted Parts



Chapter All



6.34.2
Comments and Proposed Modifications



TBC - Main



6.35
TS 44.071-500 – LCS - Mobile radio interface layer 3 - Location Services (LCS) Specification



6.35.1
Possible Impacted Parts



Chapter 11.1.2 - ASN.1 data types



CommonClock ::= INTEGER {




gpsClock 
(0),




glonass 
(1)



} (0..7)



Chapter A.2.2.1.2 - RIT Measurement IE



Common Clock




This field indicates the type of the common reference clock for AT measurement. This field is included only if the Response Type field is '1'. 



'0':
GPS clock is used.



'1':
Reserved for future use (e.g. Synchronized atomic clocks, or GLONASS)



6.35.2
Comments and Proposed Modifications



TBC - LMU



6.36
TS 44.118-510 - Mobile Radio Interface Layer 3 Specification - RRC Protocol - Iu Mode



6.36.1
Possible Impacted Parts



Chapter 9.3.50 - MS Positioning Capability



The MS Positioning Capability IE describes the supported positioning methods in GERAN Iu mode.



Table 9.3.50.1: MS Positioning Capability information elements



< MS Positioning Capability IE > ::=




{




< MS Positioning Capability Length : bit (4)>




< OTD-A support : bit (1) >




< OTD-B support : bit (1) >




< GPS-A support : bit (1) >




< GPS-B support : bit (1) >




< GPS-C support : bit (1) >




< spare bit >**;
-- Extension information may be truncated between released versions of the protocol






-- The receiver shall assume the value zero for any truncated bit



} ;





Table 9.3.50.2: MS Positioning Capability information element details



MS Positioning Capability Length (4 bit field) 
This field is the binary representation of the length of the MS Positioning Capability IE in bits excluding the bits used for this length field. Range: 0 to 15.





OTD-A support (1 bit field) 
MS assisted E-OTD. 
OTD-B support (1 bit field)
MS based E-OTD.
GPS-A support (1 bit field)
MS assisted GPS.
GPS-B support (1 bit field)
MS based GPS.
GPS-C support (1 bit field) 
Conventional GPS.
Each of these fields indicates the support of the associated positioning method. 



bit
1
0
not supported
1
supported





6.36.2
Comments and Proposed Modifications



TBC



6.37
TS 45.050-501 - Background for Radio Frequency (RF) requirements



6.37.1
Possible Impacted Parts



6.37.2
Comments and Proposed Modifications



TBC - Time



6.38
TS 48.008-570 - MSC - BSS Interface; Layer 3 Specification



6.38.1
Possible Impacted Parts



6.38.2
Comments and Proposed Modifications



TBC - See 49031



6.39
TS 48.018-550 - GPRS / BSS / SGSN - BSS GPRS Protocol (BSSGP)



6.39.1
Possible Impacted Parts



6.39.2
Comments and Proposed Modifications



TBC - See 49031



6.40
TS 48.031-500 - LCS - SMLC/SMLC - SMLCPP Specification



6.40.1
Possible Impacted Parts



6.40.2
Comments and Proposed Modifications



TBC - LMU



6.41
TS 49.031-530 - LCS - Base Station System Application Part - LCS Extension (BSSAP-LE)



6.41.1
Possible Impacted Parts



Chapter 10.10 - Requested GPS Assistance Data



This is a variable length information element identifying the GPS assistance data requested for an MS.






8


7


6


5


4


3


2


1





Octet 1


IEI





Octet 2


Length indicator 





Octet 3


H


G


F


E


D


C


B


A





Octet 4


P


O


N


M


L


K


J


I





Octet 5



to



Octet 8+2n


Satellite related data





Figure 10.10.1/3GPP TS 49.031: Requested GPS Assistance Data IE


Octet 3



bit A
Almanac
 
0:
Almanac is not requested





1:
Almanac is requested



bit B
UTC Model
 
0:
UTC Model is not requested





1:
UTC Model is requested



bit C
Ionospheric Model
 
0:
Ionospheric Model is not requested





1:
Ionospheric Model is requested



bit D
Navigation Model
 
0:
Navigation Model is not requested - octets 5 to 8+2n are not present





1:
Navigation Model is requested - octets 5 to 8+2n are present



bit E
DGPS Corrections
 
0:
DGPS Corrections are not requested





1:
DGPS Corrections are requested



bit F
Reference Location
 
0:
Reference Location is not requested





1:
Reference Location is requested



bit G
Reference Time
 
0:
Reference Time is not requested





1:
Reference Time is requested



bit H
Acquisition Assistance





0:
Acquisition Assistance is not requested





1:
Acquisition Assistance is requested



bit I 
Real-Time Integrity




0:
Real-Time Integrity is not requested





1:
Real-Time Integrity is requested



bits J through P are Spare bits



At least one of bits A, B, C, D, E, F, G, H or I, shall be set to the value "1".
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Octet 5


GPS Week





Spare





Octet 6


GPS Week



I



NSAT 



Spare





Octet 7


GPS_Toe





Octet 8


NSAT


T-Toe limit





Octet 9


spare


SatID 1





Octet 10


IODE 1





…








Octet 7+2n


spare


SatID n





Octet 8+2n


IODE n





Figure 10.10.2/3GPP TS 49.031: Coding of Satellite Related Data


GPS Week (bits 7-8 octet 5 and octet 6) 



This field contains a 10 bit binary representation of the GPS Week of the assistance currently held by the MS. The most significant bit of the GPS Week is bit 8 in octet 5 and the least significant bit is bit 1 in octet 6.



GPS_Toe (octet 7)



This field contains a binary representation of the GPS time of ephemeris in hours of the newest ephemeris set contained in handset memory (range 0-167).



NSAT (octet 8, bits 5-8)



This field contains a binary representation of the number of satellites to be considered for the current GPS assistance request. If the MS has no ephemeris data, this field shall be set to zero. If the MS has ephemeris data whose age exceeds the T-Toe limit, this field may be set to zero. If the SMLC receives a zero value for this field, it shall ignore the GPS Week and GPS_Toe fields and assume that the MS has no ephemeris data. 



T-Toe limit (octet 8, bits 1-4)



This field contains a binary representation of the ephemeris age tolerance of the MS to the network in hours (range 0-10).



SatID x (x = 1,2, ... n) (octet 7 + 2x, bits 1-6)



This field is present only if NSAT exceeds zero and contains a binary representation of the identity of a satellite for which the assistance request is applicable. The number of satellite fields is indicated in the field NSAT.



IODE x (x = 1,2, ... n) (octet 8 + 2x)



This field is present only if NSAT exceeds zero and contains a binary representation of the Issue of Data Ephemeris held in the MS, which identifies the sequence number for the satellite x (x = 1, 2, …, n). The SMLC shall derive the issue date and time for the IODE of each satellite x from the GPS Week and GPS_Toe fields (e.g. when a particular IODE value for a satellite x was issued more than once within the period of T-Toe limit).



6.41.2
Comments and Proposed Modifications



TBC



6.42
TS 51.010-1-500 - Digital cellular telecommunications system (Phase 2+); Mobile Station (MS) conformance specification; Part 1: Conformance specification



6.42.1
Possible Impacted Parts



6.42.2
Comments and Proposed Modifications



TBC



6.43
TS 51.010-2-500 - Digital cellular telecommunications system; Mobile Station (MS) conformance specification; Part 2: Protocol Implementation Conformance Statement (PICS) proforma specification



6.43.1
Possible Impacted Parts



6.43.2
Comments and Proposed Modifications



TBC - See 51010-1



7 Feedback and Recommendations on present GALILEO definition



Annex A: GALILEO System Description



A.1
Context



Recognising the strategic importance of satellite navigation and its potential applications, Europe decided to develop Galileo. The introduction of satellite navigation services on a very large scale cannot be envisaged if users become fully dependent on a single system, outside European control. Galileo represents the European objective of autonomy in such a strategic and crucial technology. Galileo will also offer, alongside an open service similar to the GPS civilian service, new features to improve and guarantee services, thereby meeting the needs of critical, safety of life, or commercial applications. Galileo services are required to be fully compatible and interoperable at user level with other GNSS services, with no common failure mode between systems. This combined use of Galileo and other GNSS systems will offer better performances for all kinds of user communities all over the world.



Galileo will provide the first satellite positioning and navigation system specifically for civil purposes. At present, there are two radio navigation satellite networks: the US Global Positioning System (GPS) and the Russian GLONASS systems.



It is crucial for Europe and the whole world to have a choice independent of, but complementary and interoperable with, the current US GPS. In addition, the scale of future navigation needs and the requirement for global coverage cannot be satisfied by a single system alone.



More information could be found on the GALILEO European Union Commission site http://europa.eu.int/comm/dgs/energy_transport/galileo/


A.2
Implementation and Management



The Galileo infrastructure is being implemented in three phases:



-
Development and In-Orbit Validation (2002-2005)



-
Deployment (2006-2007)



-
Commercial Operations (from 2008)



The Galileo Joint Undertaking is a novel company charged with managing the programme’s development phase (2002-2005) and with preparing the way for the deployment and operational phases. The founding members of the Joint Undertaking are the European Community and the European Space Agency. The European Investment Bank and private companies can join, and the participation of third countries is also anticipated in its statutes. A number of third countries have already expressed their interest in being associated to the programme in this way.



The Joint Undertaking will supervise the development of the space and ground infrastructure and will prepare the market for the forthcoming commercial operation of Galileo. In view of the many commercial spin-offs associated with the growing satellite navigation service markets in many areas, the programme will be managed during the deployment phase (2006-2007) and the commercial operation phase (after 2008) by a private entity. The Galileo Joint Undertaking will therefore issue a call for tender in order to select the private consortium to be awarded the concession for the deployment and operation of the system.



During the Commercial Operations Phase (2008 onwards), private-sector revenues will range from value-added services sold to operators and collected by the concession holder or Galileo Operating Company, to the exploitation of intellectual property rights and royalties.
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Figure A-1: GALILEO System Development Schedule



A.3
Space and Ground Infrastructure



The core of the Galileo system is the global constellation of satellites in medium Earth orbit.



The satellites will use proven innovative technologies. The body will rotate around its Earth-pointing (yaw) axis for its solar wings to rotate and point towards the Sun (generating peak power of 1500 W). After the initial constellation is established, further launches will replace failed satellites and replenish the system as the original satellites reach their ends of life.



Two Galileo Control Centres in Europe will control the constellation, as well as the synchronisation of the satellite atomic clocks, integrity signal processing and data handling of all internal and external elements. A dedicated global communications network will interconnect all the ground stations and facilities, making use of terrestrial and VSAT satellite links.



Data transfer to and from the satellites will be performed through a global network of Galileo Uplink Stations, each with Telemetry, Telecommunications and Tracking Station and a Mission Uplink Station. Galileo Sensor Stations around the globe will monitor the quality of the satellite navigation signal. The Galileo Communications Network will relay information from these stations to the two Ground Control Centres.



Regional components will independently provide the integrity of the Galileo services. Regional service providers using authorised integrity uplink channels provided by Galileo will disseminate regional integrity data. The system will guarantee that a user will always be able to receive integrity data through at least two satellites with a minimum elevation angle of 25º.



Local components will enhance the above with local data distribution by means of terrestrial radio links or existing communication networks, in order to provide extra accuracy or integrity around airports, harbours, railheads and in urban areas. Local components will also be deployed to extend navigation services to indoor users.
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Figure A-2: GALILEO SYSTEM ARCHITECTURE



A.4
Galileo Services



1.
The Galileo Open Service (OS) is defined for mass-market applications. It will provide signals for timing and positioning, free of charge. The Open Service will be accessible to any user equipped with a receiver, with no authorisation required. Position accuracy and availability will be superior to those of GPS and its planned evolutions (GPS IIF and GPS III). It will enable users with small, low-cost receivers to determine their location to within a few meters. It is foreseen that most receivers will use both Galileo and GPS signals -this will offer users significantly improve service performance in urban areas.



2.
The Safety-of-Life Service (SoL) will be used for most transport applications where lives could be endangered if the performance of the navigation system is degraded without real-time notice. The Safety-of-Life Service will provide the same accuracy in position and timing as the Open Service. The main difference is the worldwide high-integrity level for safety-critical applications, such as maritime, aviation and rail, where guaranteed accuracy is essential.



This service will increase safety, especially where there are no traditional ground infrastructure services. This world-wide seamless service will increase the efficiency of companies operating on a global basis - airlines and transoceanic maritime companies. The Safety-of-Life Service will be certified and its performances will be obtained by using certified dual-frequency receivers. Under such conditions, the future Galileo Operating Company (GOC) will guarantee SoL.



3.
The Commercial Service (CS) is aimed at market applications requiring higher performance than offered by the Open Service. It will provide added value services on payment of a fee. CS is based on adding two signals to the open access signals. This pair of signals is protected through commercial encryption, which will be managed by the service providers and the future Galileo Operating Company (GOC). Access will be controlled at the receiver level, using access-protection keys.



Typical value-added services include data broadcasting; service guarantees; precise timing services; the provision of ionosphere delay models and local differential correction signals for extreme-precision position determination. Many of these services will be developed by third-party, regional service providers, which will buy the right to use the commercial signals from the Galileo Operating Company (GOC).



4.
The Public Regulated Service (PRS). Galileo is a civil system providing a robust and access-controlled service for governmental applications. Groups such as police, fire, ambulance, military and customs can use it. Applications cover transport of hazardous goods and customs control. Civil bodies will control access to the encrypted PRS. Access by region or user group will follow the security policy rules applicable in Europe.



PRS is required to be operational at all times and in all circumstances, notably during periods of crisis, when other services may be jammed. PRS is separate from the other services, so they can be denied without affecting PRS operations. A major PRS driver is the robustness of its signal, which will protect it against jamming and spoofing.



A.5
GALILEO Signal Design and Frequency Plan
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Figure A-3: Galileo Signal In Space Description



Galileo will provide 10 signals in the frequency ranges 1164-1215 MHz (E5a and E5b), 1215-1300 MHz (E6) and 1559-1592 MHz (E2-L1-E1), in the Radio-Navigation Satellite Service (RNSS) allocated frequency bands. Details are described below.



Four signals will be transmitted in the band 1164-1215 MHz:



- One pair of signals centred on 1176.450 MHz, in the 1164 - 1188 MHz frequency range (E5a)
:



- 1 signal carrying a low data rate navigation message (25 bps), represented by the signal (


- 1 signal without any data (so-called pilot signal) for increased tracking robustness at receiver level, represented by the signal (


- One pair of signals centred on 1207.140 MHz, in the 1188 - 1215 MHz frequency range (E5b)



- 1 signal carrying a navigation message of 125 bps, also supporting integrity and SAR data, represented by the signal (


- 1 signal without any data (so-called pilot signal) for increased tracking robustness at receiver level, represented by the signal (


- The signals in E5a and E5b would be generated coherently, therefore giving the possibility to process them together for (1) increased accuracy, (2) redundancy (to mitigate interference from DMEs).



The multiplexing scheme of E5a and E5b signals is under study.



Three signals will be transmitted in the band 1260-1300 MHz (E6), centred on 1278.750 MHz:



- 1 split-spectrum
 signal secured through governmental-approved encryption, designed for governmental applications requiring a continuity of service even in times of crisis, represented by the signal (


- One pair of signals protected through commercial encryption providing high ambiguity resolution capabilities for differential applications, among which:



- 1 signal carrying a navigation message of 500 bps supporting value-added data for commercial purpose, represented by the signal (


- 1 signal without any data (so-called pilot signal) for increased tracking robustness at receiver level, represented by the signal ( by the same waveform than previous signal



The multiplexing scheme of E6 signals is under study



Three signals will be transmitted in the band 1559-1591 MHz (E2-L1-E1), centred on 1575.42 MHZ:



- 1 flexible split-spectrum signal secured through governmental-approved encryption, designed for governmental applications requiring a continuity of service even in times of crisis, represented by two different waveforms (signal ()



- One pair of signa1s
, among which:



- 1 signal carrying a navigation message of 100 bps, also supporting integrity and SAR messages, represented by the signal (


- 1 signal without any data (so-called pilot signal) for increased tracking robustness at receiver level, by the signal (, by the same waveform than previous signal



The multiplexing scheme of E2-L1-E1 signals is under study.



Table 1 summarizes all signals characteristics. Data rates are still under consolidation in the frame of the Galileo design studies carried out by ESA.



Table A-1:
Galileo Signal Characteristics



Signal
Id.


Signals


Central
Frequency


Modulation


Chip
Rate


Code
Encryption


Data
Rate



Data
Encryption





1


Data Signal in E5a


1176 MHz


BPSK(10)


10 Mcps


No


50 sps/25 bps


No





2


Pilot Signal in E5a


1176 MHz


BPSK(10)


10 Mcps


No


No Data





3


Data Signal in E5b


1207 MHz


BPSK(10)


10 Mcps


No


250 sps/125 bps


No






4


Pilot Signal in E5b


1207 MHz


BPSK(10)


10 Mcps


No


No Data





5


Split-Spectrum Signal in E6


1278 MHz


BOC( 10.5)


5 Mcps


Yes - Governmental
Approved


250 sps/125 bps


Yes





6


Commercial Data Signal in E6


1278 MHz


BPSK(5)


5 Mcps


Yes - Commercial



1000 sps/500 bps


Yes





7


Commercial Pilot Signal in E6


1278 MHz


BPSK(5)


5 Mcps


Yes -Commercial



No Data





8


Split-Spectrum Signal in L1


1575 MHz


BOC(n,m)



m Mcps


Yes - Governmental
Approved


250 sps/125 bps


Yes





9


Data Signal in Ll


1575 MHz


BOC(2.2)


2 Mcps


No


200 sps/100 bps


no






10


Pilot Signal in Ll


1575 MHz


BOC(2,2)


2 Mcps


No


No Data





Minimum received power on the ground (by a 0 dBi antenna) would be -158 dBW for each signal except -155 dBW for signals ( and (.



Annex B: WGS84 and GTRF Geodetic Reference System



GPS provides positions in World Geodetic System 1984 (WGS 84) developed by the National Imagery and Mapping Agency (NIMA). GPS permanent control station co-ordinates (GPS Operational Control Segment and NIMA stations) infer this reference frame. The latest realisation is referred to as WGS84 (G1150) where G1150 is the GPS week (January 2002) when the reference frame was last updated.



GALILEO will provides positions in Galileo Referential Terrestrial Frame (GTRF) based on the International Earth Rotation Service (IERS) Terrestrial Reference Frame (ITRF). GALILEO permanent control station co-ordinates will infer this reference frame in order to establish the GTRF autonomously from other reference frames.



Nevertheless, as the WGS84 and the GTRF will be two accurate realisations of the ITRF, the co-ordinates in the two frames from a mobile user point of view will be the identical.



NIMA developed the geodetic solution for WGS 84 by holding a subset of International GPS Service for Geodynamics (IGS) stations to their ITRF coordinates. NIMA has estimated that the systematic differences between WGS84 (G873) and ITRF 94 are less than 2 cm [B1]. The differences are noted to be statistically insignificant. National Geodetic Survey (NGS) provides a transformation between WGS84 (G873) and ITRF2000 (year 2000 realisation), showing minimal differences (see next chart computed using HDTP v2.6 software written by Dr. Richard Snay of NGS). Differences are even less with WGS84 (G1150).
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Figure B-1: Difference between WGS84 (G873) and ITRF2000
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� This band, also called L5, will also support GPS modernised signals which, together with Galileo signals will allow cheap bi-mode GPS/Galileo receivers able to track up to 60 satellites




� Split spectrum signals are used for either for selective service denial or interference minimisation between to RNSS systems sharing the same central frequency carrier




� This band is already supporting GPS SPS signals, which, together with Galileo signals will allow cheap bi-mode GPS/Galileo receivers able to track up to 60 satellites.




� Using a 1/2 rate Viterbi convolutional coding scheme




� A capability of encryption for integrity is envisaged and may be activated pending results on potential market interest for integrity




� This encryption may be maintained or removed pending on market analysis results




� This encryption may be maintained or removed pending on market analysis results




� n and m operational values are the subject of on-going technical trade-offs




� A capability of encryption for integrity is envisaged and may be activated pending results on potential market interest for integrity
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NOTE 1:	HSS includes both 2G-HLR and 3G-HLR functionality. LCS is included in the overall network architecture in TS 23.002 [20].





NOTE 2:	LIF-MLP may be used on the Le interface





NOTE 3:	As one alternative the LCS client may get location information directly from GMLC, which may contain OSA Mobility SCS with support for the OSA user location interfaces. See TS 23.127 [26] and TS 29.198 [27, 28, 29 and 30].
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GALILEO L1



				RMS Contribution
(m)				Troposhere
Model				Ionoshere
Model - Global
Average				Orbit
Nav Message Curve Fit
Satelite Clock												Receiver
Noise				Total
URE



				GALILEO L1				0.25				3.00				0.65												0.40				3.1
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GPS 2MHz



				RMS Contribution
(m)				Troposhere
Model				Ionoshere
Model - Global
Average				Orbit				Nav Message
Curve Fit				Satelite Clock				Receiver
Noise				URE



				GPS SPS				0.25				3.00				0.57				0.20				1.43				0.50				3.4



				GALILEO L1				0.25				3.00				0.65												0.40				3.1
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Sheet1



				SLOT				RAAN				Argument of
Latitude								SLOT				RAAN				Argument of
Latitude



				A1				272.847°				268.126°								D1				92.847°				135.226°



				A2				272.847°				161.786°								D2				92.847°				265.446°



				A3				272.847°				11.676°								D3				92.847°				35.156°



				A4				272.847°				41.806°								D4				92.847°				167.356°



				B1				332.847°				80.956°								E1				152.847°				197.046°



				B2				332.847°				173.336°								E2				152.847°				302.596°



				B3				332.847°				309.976°								E3				152.847°				66.066°



				B4				332.847°				204.376°								E4				152.847°				333.686°



				C1				32.847°				111.876°								F1				212.847°				238.886°



				C2				32.847°				11.796°								F2				212.847°				345.226°



				C3				32.847°				339.666°								F3				212.847°				105.206°



				C4				32.847°				241.556°								F4				212.847°				135.346°



				Epoch: 000Z, 1 July 1993



				Greenwich Hour Angle 18m 36m 14.4s



				Referenced to FK5/J2000.00 Coordinates



				Eccentricity: 0.00



				Semi-major Axis: 26559.7 kilometers

















