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I. Introduction

GPS capable AMS participating the positioning of a 911 MS helps to satisfy E911 requirements, as shown in the further studies in sections III and IV.
The use case considered is that rescuers can use their own 16m equipment as assisting AMS to participate in positioning, when arriving at the proximity of the E911 caller. The exact location of the caller then can be determined through an emergency call-back to the E911 caller. This as a useful feature and it does not require the regular/commercial 16m MS to have capabilities to rx on the uplink.
II. Text Proposal
---------------------------------------------------------Start of the Text-----------------------------------------------------------

13.2.3.1 AMS assisted positioning

Hybrid method may be implemented by combination of measurement-based methods or AMS assisted positioning method.

For AMS assisted positioning method, the GPS position (if capable) and ranging signal measurements reported from assisting AMSs, and ranging signal measurements at ABSs (such as TDOA and AOA) are utilized to determine the location of a positioned AMS. AMS assisted positioning is optional for AMS. An AMS capable of participating as an assisting MS should signal the capability to ABS.  A GPS capable AMS assisting ABS to locate the non-GPS AMS’s is disabled by default. 

If AMS is aware of its current location and has received ranging signal from positioned AMS above a quality threshold, then the AMS should report to ABS with information related to the signal received from the positioned AMS, and its own GPS location.

-----------------------------------------------------------End of the Text---------------------------------------------------------
III. Performance Analysis of “MS-assisted LBS” – a simplified analytical evaluation
Purpose

This is to examine how much gain the proposed scheme can achieve. This can be used as a (rough) evaluation result for 16m contribution, if needed.

Scope

For the sake of simplicity in analytical evaluation, we have the following assumptions.

In later section, we use “likelihood” of location estimation as a form of a function but formal definition of the “likelihood” is an interesting issue but beyond the scope.

Remark: There are several things that must be clarified for performance analysis, which are also needed even for simulation. For simplicity’s sake, we introduced some simplifying assumptions.

Analytical Model and Underlying Assumptions

1. The layout of base stations (BSs) forms a hexagonal lattice in a flat region.

a. A cell forms a hexagon.

b. A triple of neighboring BSs forms a regular triangle.

c. Example: 
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Fig. 1. Cell layout.

2. The geometry
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Fig. 2. Geometry of analytical model. Polar coordinate system. The radius of circle S is 
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a. Home BS: O(0,0)

b. NBR-BS1: A(1,0)

c. NBR-BS2: B(1,
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) in the Cartesian coordinate system.

d. The position of a target MS is denoted by point S
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. Without loss of generality, we consider the green region for the possible position of a target MS. 

e. Remark: we use the term “position” for analysis purpose only, which is not the estimated location of MS by the LBS mechanism employed.

f. The number of “GPS-MS’s” within a unit area is 
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 and they are evenly distributed within a unit area.

g. Definition 1: “reference point” is a unit reporting LBS-related parameter measurements to “Home BS”. For example, in BS-only LBS mechanism, NBR-BS1 and NBR-BS2 are a “reference point”, in the proposed mechanism, a “GPS-MS” is a reference point.

h. Definition 2: we define “distance-r” as max{distance between Home BS and reference point 1, distance between Home BS and reference point 2 }

i. We consider the case that, given L and R, if there exists (at least) one “GPS-MS” (i.e., GPS-capable MS) within the circle V and circle U, respectively, the proposed “MS-assisted LBS” mechanism can produce information for the “Home BS” so that the “Home BS” can predict the location of the target MS (“S” in Fig. 2) at a comparable error range that the BS-only LBS mechanism given that “distance-r” is the same.

j. We assume that a function, which maps “distance-r” to “estimation likelihood”. 
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Analysis

Let 
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 denote the probability that (at least) one “GPS-MS” is available within the circle V. Similarly, we define 
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For an MS at 
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, the probability that the propose mechanism can operate (as per the above assumptions) is given by
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where it can be modeled with Binomial approximation (i.e., using Binomial distribution with parameter (
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 is considered as the number of “GPS-MS’s” within a unit area and 
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 is the probability that an arbitrary “GPS-MS” is located within a small circle of radius 
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 (i.e., 
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Then the “likelihood” is given by
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where
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for this MS
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By unconditioning (1) on 
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Fig. 3 presents a lower bound of the likelihood and it demonstrates that the likelihood by the proposed mechanism is greater than 1 given that the likelihood function is given by 
[image: image28.wmf]1

(), 01

fxxx

-

=<<

.

[image: image29.wmf]0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

1

2

3

4

 

 

likelihood, 

h

R

 

L

=0.2  

 

L

=0.4 (

r

=5)

 

L

=0.2  

 

L

=0.4 (

r

=10)

 

L

=0.2  

 

L

=0.4 (

r

=20)


[image: image30.wmf]0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

1

2

3

4

 

 

likelihood, 

h

R

 

L

=0.2  

 

L

=0.4 (

r

=5)

 

L

=0.2  

 

L

=0.4 (

r

=10)

 

L

=0.2  

 

L

=0.4 (

r

=20)


Fig. 3. A lower bound of “likelihood”.

IV. Justification of MS assisted positioning meeting E911 phase 2 requirements:

This section describes the average # of assisting MSs per cell required for satisfying the E911 phase 2 requirements under the following assumptions.

Assumption:

· Cell radius: 500m

· Average # of assisting MSs with accurate GPS positions per cell: n

· Target accuracy: r m error
· Distance uncertainty between the source of the ranging signal (positioned MS) and the receiver (BS, assisting MS): e=15m
· This can be used to represent the distance deviation from the LOS path of the strongest signal component.
· This can also be used to represent the position uncertainty of the assisting MS.
· Distance between two assisting MSs considered not useful:d

· d is a function of e, the distances between the two assisting MSs and the positioned MS, and the target accuracy requirement r
· Distribution of assisting MS with accurate GPS position: 2D Poisson with rate 
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· Positioned MS ranging signal range: 300m = R
· Success with target accuracy r: 

· 1 or more assisting MS within the range min(R,r)-e from the positioned MS, or

· There are  2 assisting MSs within the range [min(R,r)-e, R] from the positioned MS, and 

· the 2 assisting MSs, BS are d m away from each other, and 

· BS-(assisting MS1)-(assisting MS2) are not in a line and BS is d m away from both assisting MSs.

· There is a 3rd assisting MS within the range [min(R,r)-e, R] from the positioned MS, and

· the assisting MS is d m away from other assiting MSs, and 

· (assisting MS1)-(assisting MS2)-(assisting MS3) are not in a line.
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If x (distance from the positioned MS to the line between 2 assisting MSs) is larger, d (distance between 2 assisting MSs) should also be larger to satisfy:
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For a given distance d, 
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 based on the above figure. So the pessimistic estimate of d is
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[image: image36]
The shaded area represents the possible locations of BS when (assisting MS1)-(assisting MS2)-BS is considered in a line.
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The shaded area on the left is smaller than the area on the right 
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The probability of a third assisting MS not considered in line with the 2 other assisting MSs, and distance d or greater away from other assisting MSs, is greater than
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Otherwise, the probability of a third assisting MS not considered in line with the 2 other assisting MS is greater than
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P1 = Prob(1 or more assisting MS within the range min(R,r)-e from the positioned MS) =
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P3 = Prob (BS is located within the range of min(R,r)-e from the positioned MS )=

P0=
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Prob(success with target accuracy r)  
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Fig. 4 Success rate

Average # of assisting MSs (idle or connected) with accurate position per cell (with 500m radius) to satisfy E911 phase 2 requirements:

Requirements for handset-based position accuracy requirements

· 50 meter (67%-tile of the CDF of the position accuracy): 9

· 150 meter (95%-tile of the CDF of the position accuracy): 11

Requirement for network-based position accuracy 

· 100 meter (67%-tile of the CDF of the position accuracy): 6

· 300 meter (95%-tile of the CDF of the position accuracy): 8
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