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1. Background

GERAN currently supports two positioning methods that could be termed “highly accurate” – E-OTD and A-GPS – and that are applicable to more demanding applications like emergency services, emergency situations, navigation, asset tracking and person finding.

A-GPS as defined by 3GPP is an enhancement of GPS in which various types of assistance data are sent by an SMLC to an MS to assist in the acquisition and measurement of GPS satellites and, in the case of MS based A-GPS, in the subsequent computation of the MS position by the MS. The improvement compared to normal GPS is in terms of greater accuracy, lower response time (e.g. faster acquisition time) and higher sensitivity (the ability for an MS to acquire and measure weaker GPS satellite signals that may arise in environments where signals are blocked, reflected and/or attenuated). Despite these improvements, there are still many environments - for example indoors, below ground level or in a dense urban setting - in which A-GPS positioning performance (accuracy and response time) can become unacceptably poor for a particular application or where insufficient satellite signals are acquired to even produce a position. 

E-OTD as defined by 3GPP relies on measurements of the relative times of arrival at the MS of GSM transmission signals from neighboring BTSs. This positioning method can also degrade in certain environments – for example in rural areas where neighbor BTSs may be very distant or indoors where neighbor BTS signals may be highly attenuated – to the point where performance or reliability may not be acceptable for a particular application.

In order to improve the performance and reliability of A-GPS and E-OTD positioning methods, both methods may be employed together within the same positioning attempt. With such a hybrid approach, a position estimate would be computed from a combination of both GPS satellite measurements and E-OTD BTS measurements. Specifically, the following types of measurements made by the MS, that are already supported in 3GPP standards, could be used:

· GPS code phase measurements (sometimes referred to as pseudo-ranges) for one or more satellites

· E-OTD measurements between a reference (e.g. serving) BTS and one or more neighbor BTSs

E-OTD measurements serve to locate an MS in 2 dimensions (on hyperbolae defined by both the locations of each pair of measured BTSs and the associated E-OTD measurements) while A-GPS measurements provide similar information in 3 dimensions (although the motion of the GPS satellites introduces time as another variable to be calculated). 

2. Limitations of A-GPS

A successful location estimate using existing 3GPP A-GPS is possible in principle if code phase measurements can be made from 5 or more satellites in the absence of other information and when satellite signals are too weak to demodulate. If the altitude of the MS is known or can be related to its 2-D horizontal location (e.g. from a 3-D terrain map), then measurements from only 4 satellites will suffice. If GPS time is already known accurately, then only 2 or 3 satellite measurements are needed with altitude aiding or 3 or 4 satellite measurements without that depending on whether GPS time accuracy is better than around a hundred  nanoseconds or better than around ten milliseconds, respectively. In most situations, precise GPS time to within a hundred nanoseconds or less will not be known and in certain locations (e.g. high rise urban environments, mountainous terrain or insufficiently mapped areas) altitude aiding will also not be possible. Thus, 4 or 5 satellite measurements will sometimes be needed. However, in many situations even 4 or 5 satellites will not be enough to produce an accurate location. The reasons are as follows.

Factors impeding A-GPS Location

1. Geometry: satellite measurements all taken from the same segment of sky result in significant dilution of location accuracy. If the azimuths (horizontal bearings) of all satellites are all within a 90 degree segment; then location errors become magnified several fold (e.g. by factors of 5 or more). The same dilution of precision occurs when E-OTD measurements of BTSs with bearings within the same narrow segment are combined with the A-GPS measurements. Poor geometry is especially likely in urban canyon environments and indoors where signal strengths can be significantly higher in specific directions (e.g. towards a window, away from a large building, up or down a street).

2. Multipath: in indoor and urban canyon environments, GPS signals will normally undergo multipath with possibly large propagation delay differences between the LOS and reflected paths. Algorithms to detect and either reject or compensate for multipath exist, but successful elimination of multipath in all environments seems unlikely. With a minimum number of GPS satellite acquisitions, uncorrected measurements that include multipath cannot be ignored and down-weighted (as they can be when there are additional redundant measurements) and will necessarily lead to higher location errors.

3. Attenuation: in certain environments GPS satellite signal strengths can be attenuated by 20-30dB or even more to the point where acquisition by different technologies starts to become infeasible. Even acquired signals that are sufficiently weak can introduce significant measurement errors.

4. Technology limitations: it seems unlikely that the entire 3GPP industry will adopt a common technology solution. Availability of different solutions from different vendors with distinctive cost-performance tradeoffs are likely to result in a spread of capability. For example, in some handsets considerations of cost, size, power consumption, HW architecture and IPR licensing may influence design as much as performance. Thus, environmental conditions that may enable accurate location by one implementation of a particular technology may lead to failure or high errors with other implementations of the same or a different technology.

5. QoS limitations: limitation on response time will limit accuracy and reliability in the most extreme environments where, for example, spending several minutes acquiring and measuring satellites may significantly improve accuracy and reliability compared to spending 15 to 30 seconds for a more real time application.

6. User distinctions: the MS equipment being located can itself affect performance by virtue of its particular orientation, state of motion and position (e.g. belt level, next to the user’s ear, inside a pocket, bag or car). These distinctions can introduce further attenuation as well as impact the degree and consistency of GPS signal reception. 

As an illustration of the affects of attenuation, the following table shows GPS satellite signal strengths that were observed by Siemens in a number of different locations in the San Diego area of the US. For each geographic location, satellite signal strengths were measured at intervals of one minute or more. The table shows the proportion of tests where a particular number of satellites (0, 1, 2, 3, 4 or >=5) were observed to have a signal strength greater than or equal to a certain minimum threshold (-145dBm, -150dBm, -155dBm or –160dBm). For example, at Location 3, the number of satellites observed with a signal strength of –150dBm or more was 0 in 6% of tests, 1 in 31% of tests, 2 in 44% of tests and 3 in 19% of tests. 

	Location

and number of  measurements
	Signal Strength - dBm
	Number of satellites with given Signal Strength

	
	
	0
	1
	2
	3
	4
	>= 5

	Location 1 - Outdoor

Inside stationary parked car

(9 measurements)
	>= -145
	
	
	
	
	
	100%

	
	>= -150
	
	
	
	
	
	100%

	
	>= -155
	
	
	
	
	
	100%

	
	>= -160
	
	
	
	
	
	100%

	Location 2 - Outdoor 

Next to Siemens office building

(27 measurements)
	>= -145
	
	
	
	
	81%
	19%

	
	>= -150
	
	
	
	
	37%
	63%

	
	>= -155
	
	
	
	
	4%
	96%

	
	>= -160
	
	
	
	
	
	100%

	Location 3 - Outdoor

Covered entrance to shopping mall

(16 measurements)
	>= -145
	37%
	50%
	13%
	
	
	

	
	>= -150
	6%
	31%
	44%
	19%
	
	

	
	>= -155
	
	
	31%
	19%
	19%
	31%

	
	>= -160
	
	
	6%
	25%
	
	69%

	Location 4 - Indoor

Inside Siemens Office building – 4th floor

(33 measurements)
	>= -145
	
	
	
	15%
	46%
	39%

	
	>= -150
	
	
	
	
	6%
	94%

	
	>= -155
	
	
	
	
	
	100%

	
	>= -160
	
	
	
	
	
	100%

	Location 5 - Indoor

Inside Siemens Office building – stairwell

(12 measurements)
	>= -145
	100%
	
	
	
	
	

	
	>= -150
	83%
	17%
	
	
	
	

	
	>= -155
	
	25%
	25%
	33%
	17%
	

	
	>= -160
	
	
	8%
	34%
	33%
	25%

	Location 6 - Indoor

Inside suburban restaurant

(46 measurements)
	>= -145
	
	4%
	37%
	30%
	9%
	20%

	
	>= -150
	
	
	4%
	9%
	9%
	78%

	
	>= -155
	
	
	
	
	
	100%

	
	>= -160
	
	
	
	
	
	100%

	Location 7 - Indoor

Inside downtown restaurant

(28 measurements)
	>= -145
	
	18%
	43%
	32%
	7%
	

	
	>= -150
	
	
	11%
	39%
	25%
	25%

	
	>= -155
	
	
	
	
	25%
	75%

	
	>= -160
	
	
	
	
	4%
	96%

	Location 8 - Indoor

Underground Parking – sublevel 1

(17 measurements)
	>= -145
	
	100%
	
	
	
	

	
	>= -150
	
	82%
	12%
	
	6%
	

	
	>= -155
	
	12%
	18%
	34%
	18%
	18%

	
	>= -160
	
	
	
	18%
	18%
	64%

	Location 9 - Indoor

Underground Parking – sublevel 3

(5 measurements)
	>= -145
	100%
	
	
	
	
	

	
	>= -150
	100%
	
	
	
	
	

	
	>= -155
	60%
	40%
	
	
	
	

	
	>= -160
	
	20%
	80%
	
	
	


Table 1 – Distribution of Satellite Signal Strengths in different locations around San Diego

Depending on the particular A-GPS technology solution and its implementation, the satellite signals indicated in the above table might or might not be measurable. The number of satellites that could in principle be measured with technology implementations with sensitivity thresholds of –145dBm, -150dBm, -155dBm and –160dBm is implied by the table. (E.G. at location 8, with a sensitivity threshold of –155 dBm, the probabilities for satellite acquisition would be 1 satellite at 12% probability, 2 at 18%, 3 at 34%, 4 at 18% and >=5 at 18% probability.)  It can be seen that there are many cases where less than 4 or less than 5 satellites would be measurable, particularly at lower sensitivity thresholds.

Note that this table is not representative of all locations around San Diego. For a high proportion of outdoor locations and a smaller proportion of indoor locations, at least five satellites would be expected with signal levels above –145 dBm – e.g. as for Location 1.  However, the table shows that other locations exist – both indoors and outdoors – where attenuation levels are significantly higher.

3. Limitations of E-OTD and Hybrid A-GPS/E-OTD

E-OTD is susceptible to the same generic limitations as A-GPS namely geometry, multipath, attenuation,  technology limitations, QoS limitations and user distinctions. Regarding environmental limitations, rural areas with very large cell sizes can be added to dense urban and indoor environments as causes of potential difficulty.

To mitigate these limitations, E-OTD and A-GPS measurements can be combined such that location is obtained from a combination of both types of measurement. Normally, when one E-OTD measurement is available for two BTSs, location can be obtained using one less A-GPS measurement and when two E-OTD measurements are available for three BTSs, horizontal location can be obtained without A-GPS.  

For very highly attenuated environments, it is still likely that the minimum combinations of measurements will not always be possible or that measurements of very low strength signals will yield significant errors due to the already mentioned factors of geometry, multipath and so on. For example, in all the environments reported in the above Table, there will be no enhancement to A-GPS by using a hybrid A-GPS/E-OTD solution if the only base station that can be accurately measured is the serving base station.  
4. Improvements to A-GPS and E-OTD

4.1 Reduction of Existing Measurements

Some improvements can reduce the number of existing E-OTD and/or A-GPS measurements needed to obtain accurate location within a limited response time. For example, as described previously, 4 or 5 A-GPS measurements are normally needed to obtain 3-D location, but with altitude aiding the minimum number of measurements is reduced to 3 or 4.
4.2 Improvement of Existing Measurements

Some improvements may significantly improve one or more of the following attributes of existing A-GPS and/or E-OTD measurements:

· measurement accuracy 

· duration of signal acquisition and signal measurement 

· minimum measurable signal strength

Such improvements might be supported by the addition (e.g. to RRLP) of new types of assistance data or by operational changes within the infrastructure  - e.g. usage of BTS BCCH idle periods for E-OTD (as for OTDOA-IPDL for UMTS).

4.3 Improvement of Position Computation

Position computation could be improved by provision of more accurate and reliable assistance data. For example, improvements in BTS clock stability and improved measurement of RIT values for E-OTD.  

4.4 Evaluation of Improvements

The following criteria can be used to evaluate whether any particular improvement is worth including within standardized LCS. 

	Feasibility
	It should be feasible to define and implement any improvement with existing technology such that potential problems can be seen to be solvable (although specific solutions should not have to be provided)



	Backwards 

Compatibility
	Support of a particular improvement by any network element or by the MS must have no impact to networks elements not supporting the improvement



	Optionality
	Support of any improvement must be optional for every entity potentially impacted



	Addition not alternation
	Improvements are considered to be additive and not alternative: the introduction of alternative options that achieve the same result must be avoided. Improvements related to other positioning methods, which are not currently part of Release 5 specifications, should also be avoided.

	Performance Benefit
	Evidence of at least one of the following:

(a) For an improvement that reduces existing measurements, evidence that this actually occurs

(b) For an improvement to existing measurements, evidence for significant improvement in accuracy, response time and/or sensitivity

(c) For an improvement to position computation, evidence for significant improvement in accuracy and/or response time


5. Improvements to Reduce Existing Measurements

5.1 Addition of A-GPS to GSM Time Synchronization Measurement

The MS measures, and for MS Assisted A-GPS reports, the precise GSM transmission timing observed from the serving BTS at the same moment as GPS satellite code phases are being measured. The exact impacts and support of this solution in 44.031 and 44.035 are described in Tdoc GP-022132 as is an evaluation of this improvement according to the criteria defined in section 4. For any network in which the precise association is known between GPS time and serving BTS transmission timing at the serving BTS location (e.g. by means of a GPS capable LMU), the addition of this new measurement will reduce the minimum number of other A-GPS and E-OTD measurements needed to obtain location by one. The following is a simplified demonstration of this.

Let 
d
=
distance from the serving BTS to the MS

T
=
GPS time at the MS when the A-GPS measurements and serving BTS measurement are made

T1
=
GPS time earlier at the serving BTS when the transmission measured later by the MS occurred

Then
T
=
T1  +  d / c

where
c
=
velocity of light

In the above equation, the time T1 is already known from the MS measurement of the serving BTS and the already known GPS-GSM time association at the serving BTS location. The distance term depends only on the location coordinates (x, y, z) of the MS while the term T is one of the variables that has to be computed for A-GPS positioning. In other words, the 4 variables in this equation (x, y, z, T) are the same 4 variables that have to be solved for anyway for A-GPS. The existence of this new equation means that one less equation is then needed from other A-GPS (or E-OTD) measurements to solve for all variables. This reduces the number of other existing measurements by one.

5.2 Addition of a 3-D terrain map for the MS

A 3-D terrain map can provide the ground level altitude for each horizontal location within a specific area. For an MS located on or near to ground level, the use of a terrain map will also reduce the number of required A-GPS satellite measurements to obtain location by one by relating the two x, y coordinates to the third z coordinate. This improvement requires no standards changes for MS Assisted A-GPS (because the terrain map data can be administered inside the SMLC) but is not currently supported for MS Based A-GPS due to lack of any standardized terrain mapping data in either RRLP or LCS broadcast messages. Note that RRLP permits sending an approximate location to the MS, which can include an altitude coordinate, but this is only useful if the MS is in a flat local area (since otherwise, the altitude error will produce a comparable error in horizontal location).

5.3 Benefit of reducing existing measurements

For the satellite signal strengths described earlier, observed in different locations around San Diego, the following table shows whether a 3-D location fix would or would not be possible using A-GPS location technologies with limiting sensitivity thresholds of –145dBm, -150dBm, -155dBm and –160dBm. Four cases are considered:

Case 1:
use of A-GPS measurements with no additional information (5 satellite measurements needed to obtain 3-D location) 

Case 2:
use of A-GPS measurements with one of the following (4 satellite measurements needed to obtain a 2-D location for (a) or 3-D location for (b))

(a) 3-D terrain map

(b) GPS time reference accurate to at least 10ms (see note 1)

Case 3:
use of A-GPS measurements with a GPS time reference accurate to at least 10ms (see note 1) and one of the following (3 satellite measurements needed to obtain a 3-D location for (a) or 2-D location for (b)): 

(a) A-GPS to GSM Time Synchronization Measurement

(b) 3-D terrain map

Case 4:
use of A-GPS measurements with a GPS time reference accurate to at least 10ms (see note 1) and an A-GPS to GSM Time Synchronization Measurement and a 3-D terrain map (2 satellite measurements needed to obtain a 2-D location)

Note 1:
having an accurate GPS time reference (e.g. from a GPS capable LMU) is a prerequisite to making using of an A-GPS to GSM time synchronization measurement. 

Note 2:
with a 3-D terrain map, only a 2-D location is really derived with a minimum set of measurements because altitude is assumed to be related to horizontal location 

As an example, at location 3 and with a minimum sensitivity threshold of –155 dBm, the table shows the probability of achieving a successful 3-D location is 31% for case 1, 50% for case 2, 69% for case 3 and 100% for case 4. It can be seen, particularly at the lower sensitivity levels, that the improvements described here will significantly increase the proportion of successful locations (see the following table). Moreover, as previously described, when there are additional redundant A-GPS measurements, the presence of these improvements can improve accuracy by mitigating such effects as geometry, multipath and so on.

	Location


	Minimum Sensitivity Threshold - dBm
	Case 1 (5 sat.s)
	Case 2 (4 sat.s)
	Case 3 (3 sat.s)
	Case 4 (2 sat.s)

	Location 1 - Outdoor

Inside stationary parked car


	-145
	100%
	
	
	

	
	-150
	100%
	
	
	

	
	-155
	100%
	
	
	

	
	-160
	100%
	
	
	

	Location 2 - Outdoor 

Next to Siemens office building


	-145
	19%
	100%
	
	

	
	-150
	63%
	100%
	
	

	
	-155
	96%
	100%
	
	

	
	-160
	100%
	
	
	

	Location 3 - Outdoor

Covered entrance to shopping mall


	-145
	0%
	0%
	0%
	13%

	
	-150
	0%
	0%
	19%
	63%

	
	-155
	31%
	50%
	69%
	100%

	
	-160
	69%
	69%
	94%
	100%

	Location 4 - Indoor

Inside Siemens Office building – 4th floor


	-145
	39%
	85%
	100%
	

	
	-150
	94%
	100%
	
	

	
	-155
	100%
	
	
	

	
	-160
	100%
	
	
	

	Location 5 - Indoor

Inside Siemens Office building – stairwell


	-145
	0%
	0%
	0%
	0%

	
	-150
	0%
	0%
	0%
	0%

	
	-155
	0%
	17%
	50%
	75%

	
	-160
	25%
	58%
	92%
	100%

	Location 6 - Indoor

Inside suburban restaurant


	-145
	20%
	29%
	59%
	96%

	
	-150
	78%
	87%
	96%
	100%

	
	-155
	100%
	
	
	

	
	-160
	100%
	
	
	

	Location 7 - Indoor

Inside downtown restaurant


	-145
	0%
	7%
	39%
	82%

	
	-150
	25%
	50%
	89%
	100%

	
	-155
	75%
	100%
	
	

	
	-160
	96%
	100%
	
	

	Location 8 - Indoor

Underground Parking – sublevel 1


	-145
	0%
	0%
	0%
	0%

	
	-150
	0%
	6%
	6%
	18%

	
	-155
	18%
	36%
	70%
	88%

	
	-160
	64%
	82%
	100%
	

	Location 9 - Indoor

Underground Parking – sublevel 3


	-145
	0%
	0%
	0%
	0%

	
	-150
	0%
	0%
	0%
	0%

	
	-155
	0%
	0%
	0%
	0%

	
	-160
	0%
	0%
	0%
	80%


Table 2 – Probability of Successful Location versus A-GPS Sensitivity Threshold and availability of additional measurement related data (4 cases)


(Note: all blank entries correspond to 100%)

6. Improvements for Existing Measurements and Position Computation

No specific examples of these types of improvement are proposed here. However, it is expected that during the Release 6 timeframe, proposals for specific improvements may arise whose inclusion in Release 6 could be agreed (e.g. case by case) subject to satisfying the criteria defined here in section 4.

7. Proposal 

It is suggested to create a work item in Release 6 to add improvements to A-GPS and E-OTD according to the 3 categories defined previously, namely:

· Reduction of Existing Measurements

· Improvement of Existing Measurements

· Improvement of Position Computation

Two specific instances of the first category have been defined here and their improvement to the success rate of A-GPS location in difficult environments has been demonstrated. It is proposed that both improvements be specifically included within the WI. Regarding which other improvements be allowed within the WI, it is suggested that the WI be open during the Release 6 timeframe to all proposals for improvement that can be demonstrated to satisfy the criteria described here in section 4, namely:

· feasibility

· backwards compatibility

· optionality

· addition not alternation

· performance benefit
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