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1 Introduction
The concept of Global Navigation Satellite System (GNSS) which opens the door to major Quality of Service improvements has been introduced in GERAN and RAN. The GNSS term aims at identifying all the satellite positioning/navigation systems willing to be available for public applications. This includes the existence of two independent systems which will be beneficial for all the users who will be able to receive both GPS and GALILEO signals on a single receiver. 

This presentation paper aims at introducing in RRC protocol the changes allowing other positioning systems signals to be used for assisted location techniques and extending the usual A-GPS technique to the wider A-GNSS one. This paper scope is focused on A-GPS and A-Galileo as part of the A-GNSS.
2 Discussion
2.1 Impacted specifications
The insertion of the GNSS concept in the 3GPP standards mainly applies to the Radio Resource Control (RRC) protocol for UMTS access network and the Radio Resource LCS Protocol (RRLP) for GSM/GPRS/EDGE access network, respectively described in the 3GPP TS 25.331 and TS 44.031 documents.

RRC is based on the broadcast of System Information (SI) from UTRAN to the UE in a cell. These SI, composed of many SI Blocks which contain several IE (Information Elements), are broadcast and received by the UE either on the BCH or FACH transport channel depending on the UE's mode (idle or connected) and state. The UTRAN may also send MEASUREMENT CONTROL messages to the UE which replies with MEASUREMENT REPORT messages to transfer measurement results to UTRAN.

2.2 Available change options
The UE may receive GPS assistance data in SIB types 15, 15.1, 15.2, 15.3, or in the MEASUREMENT CONTROL message, or in the ASSISTANCE DATA DELIVERY message. The Galileo assistance data can be transmitted in new dedicated SIB or in new dedicated IE for the messages from the UTRAN to the UE. The same will be done in the MEASUREMENT REPORT message transmitted from the UE to the UTRAN. Thus, the proposed changes will mainly impact some of the RRC messages such as: broadcast SYSTEM INFORMATION, MEASUREMENT CONTROL message, MEASUREMENT REPORT message and ASSISTANCE DATA DELIVERY message.

Option 1: A first option consists of modifying the existing GPS dedicated System Information Blocks by adding supplementary GNSS dedicated Information Elements. These IE are release 7 extension containers including GPS and Galileo information. 
Option 2: A second option is the same as the first one except that the extension containers are specific to Galileo information.

	SIB types
	Description

	15
	A-GPS + Release 7 extension containers for A-GNSS 

Option 1: A-GPS + A-Galileo

Option 2: A-Galileo

	15.1
	

	15.2
	

	15.3
	

	15.4
	O-TDOA

	15.5
	


Option 3: A third option is to create a new set of SIB related to GNSS assistance data. GNSS assistance data include GPS and Galileo assistance data. This is equivalent to what has already been done for OTDOA assistance messages.
Option 4: A fourth option is the same as the third one except that the new set of SIB is specific to Galileo.

	SIB types
	Description

	15
	A-GPS

	15.1
	

	15.2
	

	15.3
	

	15.4
	O-TDOA

	15.5
	

	15.6
	Release 7 available for A-GNSS 
Option 3: A-GPS + A-Galileo. 
Option 4: A-Galileo

	15.7
	

	15.8
	

	15.9
	


3 Proposal
The option 1 is easy to implement but duplicates GPS assistance data. It is not editorially clean and potentially confusing. Therefore, this option is not supported. 
The option 2 does not duplicate GPS assistance data but still not editorially clean. If RAN2 agrees on such proposal, this option is acceptable.

The option 3 aims at gathering any new navigation satellite system in dedicated GNSS structure creating new SIB types 15.6, 15.7, 15.8, 15.9. It is editorially clean (This is the way OTDOA was introduced) but it duplicates GPS assistance data. It needs to create a new SIB. Therefore, this option is not supported.
The option 4 does not duplicate GPS assistance data. It is editorially clean but it needs to create a new SIB. If RAN2 agrees on such proposal, this option is acceptable.
This paper describes the option 4 in details. The same type of modifications will be applied to MEASUREMENT messages and ASSISTANCE DATA DELIVERY message. No GPS assistance data will be duplicated. New specific Galileo dedicated IE will be created. This option is editorially clean and fully backward compatible. Additional systems can be added. 
3.1 Proposed changes for the broadcast SI
 
3.1.1 SIB type 15.6

This SIB type contains useful information for UE positioning methods and is similar to the SIB type 15 but there are some added parameters and some modifications. Its description is detailed in the following table.
	Information Element/Group name
	Presence
	Multi
	Type and Reference
	Semantics description

	Galileo Data ciphering info
	O
	
	UE positioning Cipher info 
	If this IE is present then the SIB types 15.1, 15.2 & 15.3 are ciphered in accordance with the Data Assistance Ciphering Algorithm specified in 3GPP TS 25.305: "Stage 2 Functional Specification of UE Positioning in UTRAN".

	Reference position
	M
	
	Ellipsoid point with altitude and uncertainty ellipsoid 
	approximate position where the UE is located

	Galileo Reference time
	M
	
	
	

	Satellite information
	O
	1 to <maxSat>
	
	This IE is present whenever bad (failed/failing) satellites are detected by UTRAN.

	>BadSatID
	M
	
	Enumerated
(0..127)
	Galileo Sat ID is encoded on 7 bits


3.1.2 SIB type 15.7

This SIB type contains useful information for UE positioning differential corrections. These corrections are for Galileo. This SIB is similar to the SIB type 15.1. Its description is detailed in the following table.
	Information Element/Group name
	Presence
	Semantics description

	DGalileo corrections
	M
	UE positioning Galileo DGalileo corrections


3.1.3 SIB type 15.8

This SIB type contains information useful for the Navigation Model. Comparing with the SIB type 15.2, a new IE for Galileo GPS offset has been added. Its description is detailed in the following table.
	Information Element/Group name
	Presence
	Semantics description

	Transmission TOW
	M
	The approximate time-of-week when the message is broadcast.

in seconds

	Galileo GPS time offset
	O
	For combined GPS and Galileo receivers, time difference between Galileo and GPS is broadcast.

	SatID
	M
	Satellite ID

	Galileo Ephemeris and Clock Correction Parameters
	M
	


3.1.3.1 SIB type 15.9

This SIB type contains useful information for ionospheric delay, UTC offset, and Almanac which are related to Galileo. A description of this SIB is available in the following table.
	Information Element/Group name
	Presence
	Semantics description

	Transmission TOW
	M
	The approximate time-of-week when the message is broadcast.

in seconds

	Galileo Almanac and Satellite Health
	O
	

	Galileo Ionospheric model
	O
	

	Galileo UTC model
	O
	

	SatMask
	CV-Almanac
	indicates the satellites that contain the pages being broadcast in this data set

	LSB TOW
	CV-Almanac
	


	Condition
	Explanation

	Almanac
	This IE is mandatory present if the IE "Almanac and Satellite Health" is present


3.2 Proposed changes for the measurement procedures
3.2.1 Measurement control

Using assisted positioning methods, the UE must be provided with information concerning the satellites in order to perform a fix. This information is sent by UTRAN to the UE as Assistance Data in the Measurement Control message. In this measurement control message, the proposed changes mainly concern the measurement IE related to positioning: UE positioning measurement
 presented in the next table.
	Information Element/Group name
	Presence
	Semantics description

	UE positioning reporting quantity
	M
	Galileo should be added in the Positioning Methods list. The positioning method could be GPS only, Galileo only or combined GPS and Galileo.

	Measurement validity 
	O
	

	CHOICE reporting criteria
	M
	

	>UE positioning reporting criteria
	
	

	>Periodical reporting criteria
	
	

	>No reporting
	
	(no data)



	UE positioning OTDOA assistance data for UE-assisted
	O
	

	UE positioning OTDOA assistance data for UE-based
	O
	

	UE positioning GPS assistance data
	O
	

	UE positioning Galileo assistance data

	O
	Rel-7


The added Galileo assistance data is equivalent to GPS assistance data. Its content appears in the table below.
	Information Element/Group name
	Presence
	Semantics description

	UE positioning Galileo reference time
	O
	

	UE positioning reference UE position
	O
	A priori knowledge of UE 3-D position.

	UE positioning Galileo Differential corrections
	O
	

	UE positioning Galileo navigation model
	O
	

	UE positioning Galileo ionospheric model
	O
	

	UE positioning Galileo UTC model
	O
	

	UE positioning Galileo almanac
	O
	

	UE positioning Galileo real-time integrity
	O
	

	UE positioning Galileo GPS time offset
	O
	For combined GPS and Galileo receivers, time difference between Galileo and GPS is broadcast.


3.2.2 Measurement Report

The UE may respond to a MEASUREMENT CONTROL message received from the UTRAN by sending a MEASUREMENT REPORT message which normally contains the measurement results. The impacted measurement Information Elements in the MEASUREMENT REPORT message are: the measured results and the event results.

3.2.2.1 Measured results

This measurement results contains IE related to reporting in response to the MEASUREMENT CONTROL message received from the UTRAN. The proposed changes concern the UE positioning measured results
 IE presented in the table below.
	Information Element/Group name
	Presence
	Semantics description

	UE positioning OTDOA measured results
	O
	

	UE positioning Position estimate info
	O
	

	UE positioning GPS measured results
	O
	

	UE positioning Galileo measured results

	O
	For combined GPS and Galileo receivers, both UE positioning GPS and Galileo measured results are reported.

	UE positioning error
	O
	Included if UE positioning error occurred


The added Galileo measured results are equivalent to GPS measured results. Its content appears in the table below.
	Information Element/Group name
	Presence
	Multi
	Semantics description

	CHOICE Reference Time
	MP
	
	

	>UTRAN reference time
	
	
	

	>>UE Galileo timing of cell frames 
	MP
	
	Galileo Time of Week 

	>>CHOICE mode
	MP
	
	

	>>>FDD
	
	
	

	>>>>Primary CPICH Info
	MP
	
	

	>>>TDD
	
	
	

	>>>>cell parameters id
	MP
	
	

	>>Reference SFN
	MP
	
	

	>Galileo reference time only
	
	
	

	>>Galileo TOW msec
	MP
	
	Galileo Time of Week in milliseconds (rounded down to the nearest millisecond unit).

	Measurement Parameters
	MP
	1 to <maxSat>
	

	>Satellite ID
	MP
	
	

	>C/No
	MP
	
	

	>Doppler
	MP
	
	Hz, scale factor 0.2.

	>Galileo Pseudorange
	MP
	
	In milliseconds

	>Multipath Indicator
	MP
	
	

	>Pseudorange RMS Error
	MP
	
	


3.2.2.2 Event results

This measurement IE contains IE related to reporting in response to the MEASUREMENT CONTROL message received from the UTRAN. The proposed changes concern the UE positioning measurement event results
 IE presented in the table below.
	Information Element/Group name
	Need
	Semantics description

	CHOICE Event ID
	MP
	One spare value is needed.

	>>UE positioning Position estimate info
	MP
	

	>>UE positioning OTDOA measured results
	MP
	

	>>UE positioning GPS measurement

	MP
	

	>>UE positioning Galileo measurement
	MP
	


The content of the added Galileo measurement is described in the above paragraph.

3.2.3 ASSISTANCE DATA DELIVERY message

The ASSISTANCE DATA DELIVERY message is sent by UTRAN to convey UE positioning assistance data to the UE in order to help it perform a location measurement. This message includes a set of assistance data which depends on the selected location method (OTDOA or A-GPS or GALILEO). The proposed change is to add a supplementary Galileo assistance data element in the ASSISTANCE DATA DELIVERY message structure.

	Information Element/Group name
	Presence
	Semantics description

	Message Type
	M
	

	UE information elements
	
	

	RRC transaction identifier
	M
	

	Integrity check info
	C
	

	Measurement Information elements
	
	

	UE positioning OTDOA assistance data for UE-based
	O
	

	UE positioning GPS assistance data
	O
	

	UE positioning Galileo
 assistance data
	O
	


4 Conclusion
This document presented four different options to modify the RRC protocol in order to extend the existing GPS assistance data to Galileo assistance data. The proposed changes create a new specific Galileo extension container for broadcast SIB, MEASUREMENT messages and ASSISTANCE DATA delivery. 

For broadcast SIB, the options 2 and 4 presented are acceptable. This paper is based on option 4. The same modifications will be applied to MEASUREMENT messages and ASSISTANCE DATA delivery.
If RAN2 agrees on the presented proposal, a Change Request on TS 25.331 with the necessary level of details will be presented on the next RAN2 meeting in October for approval.
� see chapter 8.1.1.1.2 in TS 25331 for the description of the SIB


� See chapter 10.2.48.8.18 in TS 25331 to compare with SIB type 15


� See chapter 10.2.48.8.18.1 in TS 25331 to compare with SIB type 15.1


� See chapter 10.2.48.8.18.2 in TS 25331 to compare with SIB type 15.2


� See chapter 10.2.48.8.18.3 in TS 25331 to compare with SIB type 15.3


� See chapter 10.2.17 in TS 25331 to see the description of the Measurement Control message


� See the description of the UE positioning measurement IE in chapter 10.3.7.100 in the TS 25331


� See chapter 10.3.7.90 for comparing GPS and Galileo assistance data 


� See chapter 10.2.19 in TS 25331 to see the description of the Measurement Report message


� See chapter 10.3.7.44 in TS 25331 to see the description of the Measured Results IE


� See chapter 10.3.7.99 in TS 25331 for the description of the UE positioning measured results IE


� See chapter 10.3.7.93 in TS 25331 to compare GPS and Galileo measured results


� See chapter 10.3.7.7 in TS 25331 to see the description of the Event Results IE


� See chapter 10.3.7.101 in TS 25331 for the description of the UE positioning measurement event results IE


� UE positioning GPS measured results  (See chapter 10.3.7.93 in TS 25331)


� See chapter 10.2.4  in TS 25331 to see the description of the Assistance Data Delivery message


� See section 10.3.7.90 in the TS 25331 for comparing GPS and Galileo assistance data
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