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1. Introduction

During the RAN4 #19 meeting held in Edinburgh (3-7 Sept), several contributions related to UE Positioning methods and performance requirements were discussed.  In particular, R4-011306 (Nortel) described the UE and UTRAN operations associated with supporting the OTDOA-IPDL positioning method.  This contribution also introduced RAN WG4 to a concept called Dilution of Precision (DOP) that enables ranging measurement accuracy to be translated (or scaled) into expected positioning accuracy depending upon the relative geometry of UE and Node Bs.  A simple analysis was presented in which the existing OTDOA-related measurement requirements from TS 25.133 Rel-4 were translated into a corresponding range of approximate horizontal positioning accuracy.

In a related contribution, R4-011184, Qualcomm provided an overview of the UE Positioning methods that have been standardized within 3GPP (Cell-ID, OTDOA, and Assisted GPS).  A status of the development of UE Positioning performance requirements within TS 25.133 Rel-4 was included as well.  This status highlighted that a performance requirement description for the UE GPS code phase measurement was missing within TS 25.133 Rel-4.  As a result, it was proposed that RAN WG4 generate a liaison statement to ask that RAN WG1 consider incorporating a suggested definition of this GPS code phase measurement into the appropriate RAN WG1 specifications so that RAN WG4 could proceed with the development of performance requirements for the A-GPS positioning method.  It was agreed to send such a liaison in R4-011314.

During the subsequent RAN WG1 #22 meeting held in Korea (19-23 Nov), RAN WG1 discussed this issue and agreed to incorporate a modification of the suggested UE GPS code phase measurement definition into both TS 25.215 and Ts 25.225 for Rel-4.  The associated response liaison returned from RAN WG1 can be found in R4-020342.

At this point, with the UE GPS code phase measurement definition formally specified in TS 25.215, it makes sense that RAN WG4 begin to establish a framework for specifying performance requirements for this measurement within TS 25.133 Rel-4.  This contribution proposes an addition to section 9.1 of TS 25.133 Rel-4 that establishes the structure of the UE GPS code phase performance requirement.  Furthermore, an addition is proposed to section A.9.1 of TS 25.133 Rel-4 that establishes the structure of the UE GPS code phase test parameters.  In closing, some final remarks concerning future actions are offered.
2. UE GPS Code Phase:  Performance Requirement

In the context of an asynchronous system such as UMTS, when performing radio-navigation measurements upon some set of transmitters (e.g., SFN-SFN observed time difference type 2, UE GPS code phase, etc…), the critical information to be extracted from a set of simultaneous ranging measurements is the observed difference in the times of arrival of each transmission relative to another.  In such systems, the particular absolute SFN or code phase values measured from individual transmitters are of little or no ranging value when evaluated in isolation.  Thus, there is no motivation to specify a minimum performance requirement for the absolute accuracy of these individual code phase values reported by the UE.

Although TS 25.331 R’99 specifies that UE GPS code phase measurements be signaled to the RNC as a set of independent code phase values with a common time-stamp, it is necessary to develop a code phase performance metric based upon the relative differences between pairs of these measurements (as is inherently done for OTDOA).  Furthermore, by establishing a relative accuracy requirement for the UE GPS code phase measurement, we can achieve a simple test approach that closely resembles the approach employed to evaluate the performance of SFN-SFN observed time difference type 2 measurements.

With the above statements in mind, a straightforward approach for establishing a performance requirement for the UE GPS code phase measurement in TS 25.133 Rel-4 is the following:

· Establish a relative accuracy requirement that compares the code phase measured from one GPS satellite signal to the code phase measured from another GPS satellite signal

· Specify this requirement across an appropriate range of GPS satellite signal strength values

· GPS satellite signal strength should be specified as the ratio of the total carrier signal power C to the power spectral density of thermal noise N0
· Specify the reporting mapping description to match the corresponding signaling that has already been defined in TS 25.331 R’99

A proposed addition to section 9.1 for TS 25.133 Rel-4 is presented on the next page with “yellow” shading.

Note:  Specific accuracy requirement and signal strength range values are not proposed at this time as it is anticipated more discussion will be required to establish appropriate values.  The goal at this point is to agree upon the “structure” of the performance requirement.

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

9.1.x
UE GPS Code Phase

The requirements in this section are valid for terminals supporting this capability.

The measurement period shall be [1] second.

9.1.x.1
Relative accuracy requirement

The relative accuracy requirement is defined as the UE GPS code phase measured from one GPS satellite signal compared to the UE GPS code phase measured from another GPS satellite signal.

The accuracy requirement in table 9.3.y is valid under the following conditions:

X dB-Hz  ≤  C/N0  ≤  Y dB-Hz, 

Table 9.3.y

	Parameter
	Unit
	Accuracy [chip]
	Conditions

	
	
	
	C/No [dB-Hz]

	UE GPS code phase
	GPS chip
	( TBD
	X...Y


NOTE:
The rate of the GPS spreading code is 1.023 Mchip/sec.

NOTE:  C/ N0 denotes the ratio of the total GPS satellite carrier signal power C to the power spectral density of thermal noise N0.   

9.1.x.2
UE GPS code phase measurement report mapping

The reporting range is for UE GPS code phase is from 0 ... 1023 GPS chip.

The UE GPS code phase is reported in whole GPS chips and fractional GPS chips.

In table 9.3.z the mapping of measured quantity is defined.

Table 9.3.z

	Reported value
	Measured quantity value
	Unit

	(WH_GPS_CHIP_0000,
FRAC_GPS_CHIP_0000)
	0 ( UE GPS code phase < 1/(1024)
	GPS chip

	(WH_GPS_CHIP_0000,
FRAC_GPS_CHIP_0001)
	1/(1024) ( UE GPS code phase < 2/(1024)
	GPS chip

	(WH_GPS_CHIP_0000,
FRAC_GPS_CHIP_0002)
	2/(1024) ( UE GPS code phase < 3/(1024)
	GPS chip

	(WH_GPS_CHIP_0000,
FRAC_GPS_CHIP_0003)
	3/(1024) ( UE GPS code phase < 4/(1024)
	GPS chip

	…
	…
	…

	(WH_GPS_CHIP_0000,
FRAC_GPS_CHIP_1023)
	1023/(1024)  ( UE GPS code phase < 1024/(1024)
	GPS chip

	(WH_GPS_CHIP_0001,
FRAC_GPS_CHIP_0000)
	1024/(1024)  ( UE GPS code phase < 1025/(1024)
	GPS chip

	(WH_GPS_CHIP_0001,
FRAC_GPS_CHIP_0001)
	1025/(1024)  ( UE GPS code phase < 1026/(1024)
	GPS chip

	…
	…
	…

	(WH_GPS_CHIP_1022,
FRAC_GPS_CHIP_1021)
	1047549/(1024) ( UE GPS code phase < 1047550/(1024)
	GPS chip

	(WH_GPS_CHIP_1022,
FRAC_GPS_CHIP_1022)
	1047550/(1024) ( UE GPS code phase < 1047551/(1024)
	GPS chip

	(WH_GPS_CHIP_1022,
FRAC_GPS_CHIP_1023)
	1047551/(1024) ( UE GPS code phase < 1047552/(1024)
	GPS chip


NOTE:  1047552 = 1023 * 1024 
(this value spans 1023 GPS chips, at resolution of 1/1024 GPS chip) 

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

3. UE GPS Code Phase:  Annex A Test Parameters

In addition to establishing the structure for the UE GPS code phase measurement in section 9.1.x of TS 25.133 Rel-4, it is also necessary to address the description of the corresponding test parameters to be added to section A.9.1.

Using section A.9.1.5.2 (SFN-SFN observed time difference type 2) as a model, a straightforward approach for establishing the framework for a test parameter description for the UE GPS code phase measurement is the following:

· Specify the range over which the received code phases from two GPS satellite signals may differ

· Specify the range of signal strength values where the requirements are applicable

· Again, GPS satellite signal strength should be specified as the ratio of the total carrier signal power C to the power spectral density of thermal noise N0
· As with OTDOA measurements, specify an AWGN propagation condition

A proposed section for TS 25.133 Rel-4 is presented on the next page with “light-blue” shading.

Note:  Specific signal strength range values are not proposed at this time as it is anticipated more discussion will be required to establish appropriate values.  The goal at this point is to agree upon the “structure” of this test parameter description.

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

A.9.1.x
UE GPS code phase

A.9.1.x.1
Test Purpose and Environment

The purpose of this test is to verify that the UE GPS code phase measurement accuracy is within the specified limits.  This test will verify the requirements in section 9.1.x.
During the test, the GPS code phase difference between Satellite 1 and 2 can be set to a value from –1022. 9990234375 to 1022.9990234375 GPS chips.

Table A.9.x defines the range of signal strengths where the requirements are applicable.

Table A.9.x: UE GPS code phase test parameters 
	Parameter
	Unit
	Satellite 1
	Satellite 2

	Range:   C/ N0.,  (Note 1)
	dB-Hz
	X…Y
	X…Y

	Propagation condition
	-
	AWGN

	NOTE 1:
C/ N0. denotes the ratio of the total GPS satellite carrier signal power C to the power spectral density of thermal noise N0.


A.9.1.x.2
Test Requirements

The UE GPS code phase measurement accuracy shall meet the requirements in section 9.1.x.
----------------------

4. Summary of Proposals
In order to establish a framework for specifying performance requirements for the UE GPS code phase measurement within TS 25.133 Rel-4, the following proposals are made:

· Incorporation of “yellow” shaded performance requirement description into section 9.1 of TS 25.133 Rel-4

· Incorporation of “light-blue” shaded test parameter description into section A.9.1 TS 25.133 Rel-4

* These additions to TS 25.133 Rel-4 are proposed in a formal CR in contribution R4-020345 (Rel-4).

5. Concluding Remarks

Assuming some progress can be made with establishing performance requirements for the UE GPS code phase measurement within TS 25.133 Rel-4, the following actions should be considered prior to RAN4 #22 in May.

· Revisit translation of OTDOA measurement accuracy into expected positioning accuracy described in R4-011306 (via DOP analysis) and refine if necessary

· Determine appropriate translation of GPS measurement accuracy into expected positioning accuracy (via DOP analysis)

· Study appropriate accuracy requirement to incorporate into UE GPS code phase performance requirement

· Perhaps a good starting point is to determine what UE GPS code phase accuracy level achieves the same expected positioning performance as OTDOA with the existing UE/UTRAN requirements

· Study appropriate range of GPS signal strength values to incorporate into UE GPS code phase performance requirement and test parameter descriptions

· Consider whether or not it is appropriate to expand the OTDOA-related test parameter description (and possibly the A-GPS-related test parameter description) from 2 transmitters to 3 transmitters so that the UE under test actually produces enough measurements to accomplish a very minimal 2-dimensional fix


























































