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1. Introduction

Currently, the GPS code phase measurement quantity is described in the Assisted GPS (A-GPS) positioning procedure specified in the R’99 Stage-2 Functional Specification of UE Positioning in UTRAN [1].  In addition, the information element employed to report this UE measurement to the UTRAN is specified in the R’99  RRC Protocol Specification [2].  Unfortunately however, the definition of this GPS code phase measurement is missing from RAN WG1 specifications.  

During the RAN2 #22 meeting in Berlin (9-13 Jul 01), RAN4, RAN2, and T1RF groups were able to participate in a joint session to discuss the development of 3GPP test specifications for UE Positioning.  The following conclusions were reached [3]:

· It will not be necessary to test the quality of final UE position estimates.  It will only be necessary to test the performance of the measurements required to produce such position estimates.

· RAN4 is responsible for determining and specifying the performance requirements associated with UE positioning measurements.
During the RAN4 #19 meeting in Edinburgh (3-7 Sep 01), the absence of this UE GPS code phase measurement definition was highlighted to RAN WG4 via contribution [4].  Structurally, the absence of this definition makes it unclear how RAN WG4 can proceed with the development of performance requirements (TS 25.133) for the A-GPS positioning method (since it is desirable to only test measurements that have been formally defined by RAN WG1).  Consequently, RAN WG4 agreed to send a liaison [5] to ask RAN WG1 to consider incorporating a GPS code phase measurement definition into the appropriate RAN WG1 specifications.

The definition of this GPS code phase measurement is the subject of this contribution (R1-01-1133).  First, some basic GPS-related principles are presented as background material.  Next, it is described how Assisted GPS operations have already been integrated into R’99 signaling procedures and information elements.  Finally, a proposal is made to suggest how the UE GPS code phase measurement definition should be incorporated into TS 25.215.

2. Basic GPS Principles

The Space Segment of the Global Positioning Systems consists of 24 Medium Earth Orbit (MEO) satellites arranged in six orbital planes evenly distributed about the equator to ensure global dissemination of the synchronous Standard Positioning Service (SPS) satellite transmissions.  

For each satellite, the transmitted signal is composed of an L-band carrier (1575.42 MHz) BPSK modulated by the modulo-2 addition of a high-rate pseudorandom noise ranging code and a low-rate navigation message.  

For each satellite, the high-rate ranging code is characterized by the following attributes:

· One unique Gold code sequence per satellite

· 1023 chip code length

· 1.023 Mchip/sec chip rate

· 1ms code repetition interval

For each satellite, the low-rate navigation message is characterized by the following attributes:

· Contains detailed information about its own clock and orbital models

· Contains general information about the clock and orbital models of all other satellites

· 1500-bit frame length

· 50 bit/sec data transmission rate (20ms per bit)

· 30-second frame repetition interval

· simple block encoded parity scheme (no FEC employed)

As an example of traditional GPS receiver operation, a conventional GPS receiver may execute the following steps:

· search for and acquire signals from at least 4 GPS satellites within the user’s field of view  

· with satellite signals acquired, make a set of precision “pseudorange” measurements on the code phases (whole and fractional chips) of the high-rate Gold codes transmitted by these respective satellites  

· gradually begin to demodulate certain timing and orbital model information from the respective low-rate navigation message bit streams transmitted by these satellites

· after some period of demodulation (possibly minutes), determine the coordinates of the satellites concerned from the received modeling data, process the code phase measurements, and then solve for the user’s unknown position and GPS time

For reference, the detailed specification for GPS satellite transmission can be found in [6].  This specification can be downloaded freely from http://www.navcen.uscg.gov/pubs.

3. 3GPP Assisted GPS Principles

In contrast to the conventional GPS receiver operation example summarized in the previous section, the Assisted GPS method that is currently standardized for 3GPP relies upon the UTRAN to provide the UE with “assistance” data to help it improve its positioning performance in the following respects:

· Acceleration of time/frequency search for satellite signals

· Increase in sensitivity of satellite signal acquisition

· Avoidance of gradual demodulation of low-rate, low-power GPS navigation message bit streams
As illustrated in Figure 10.1 of [1], the basic message flow for conducting A-GPS positioning within the UTRAN can be represented as follows:
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This message flow begins with an authenticated CN request for positioning information about a particular UE.  When such a request has been received by the SRNC, the SRNC sends the targeted UE a similar request (via the RRC protocol) that may contain GPS assistance data to help accelerate the associated measurement process.

Once the UE has measured the code phases of a sufficient number of GPS satellite signals, it may report this time-stamped set of GPS measurements to the SRNC so that the UE position estimate can be calculated by the UTRAN.  Note that as described in Table 10.2 of [1], a code phase measurement signalled from UE to UTRAN provides both the whole and fractional number of code chips.

Alternatively, with the aid of assistance data, the UE may estimate the coordinates of the satellites concerned and then use the set of GPS measurements to calculate its own position estimate.  In this latter case, the UE reports the final time-stamped position estimate to the UTRAN.

With respect to the corresponding RRC protocol messages currently standardized for R’99 [2], the GPS code phase measurements are mandatory IEs within the IE “UE positioning GPS measured results” (section 10.3.7.93).  For each satellite measured, the IE “Whole GPS Chips” and IE “Fractional GPS Chips” are included within the measured results returned to the UTRAN.  The units specified for these IEs are <GPS chip> and <1/1024 GPS chip> respectively.

4. Proposal
In order to enable forward progress in the development of performance requirements for the A-GPS positioning method, it is proposed that the definition for the “UE GPS code phase measurement” put forth by RAN WG4 liaison [5] be incoporated into section 5.1., “UE measurement abilities”, of TS 25.215 v4.2.0 in the following manner:

5.1.x
UE GPS code phase

	Definition
	The whole and fractional phase of the spreading code of the ith GPS satellite signal on the range of [0,1023) GPS chips. The reference point for the GPS code phase shall be the antenna connector of the UE.

	Applicable for
	Connected Intra, Connected Inter


Note:  A formal CR to TS 25.215 v4.2.0 proposing the above change has been submitted to this RAN WG1 meeting #22 via contribution R1-01-1134. 

5. References

[1] 3GPP TS 25.305 v3.6.0: “Stage 2 Functional Specification of UE Positioning in UTRAN”.

[2] 3GPP TS 25.331 v3.8.0: “RRC Protocol Specification”.

[3] R2-011765, “LS on UE Positioning testing aspects”, (RAN-WG2 to T-WG1, cc: RAN-WG4)

[4] R4-011184, “UE Positioning Methods & Performance Requirements”, (Qualcomm)

[5] R1-01-1004, “LS on Definition of GPS Measurement”, (RAN-WG4 to RAN-WG1, cc: RAN-WG2)

[6] ICD-GPS-200c: “Navstar GPS Space Segment/Navigation User Interfaces”, (12 April 2000)


























































_1045314563.doc


 GPS measurements/position report







 Location estimate







 GPS measurements request (GPS assistance data)







 Location request







UE







CN







SRNC











_935227290.doc







