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1 Introduction

One high accuracy method for UE positioning available within the 3GPP specifications [1] is the Observed Time Difference Of Arrival (OTDOA) method. In order to achieve a sufficient positioning coverage, the method is augmented with the Idle Period Downlink (IPDL) method, resulting in the OTDOA-IPDL positioning method. Positioning coverage enhancements are important in themselves, however in the North-American market they become critical because of the very stringent E-911 emergency positioning requirements [2]. These requirements call for a 50 meter accuracy in 67% of all calls and a 150 meter accuracy in 95 % of all calls. The latter figure means that the UE positioning availability must be at least 95 %. 

Recently, there has been a discussion related to the search window size used for the SFN-SFN type 2 measurement. Nokia and Ericsson proposed the use of test cases for a search window size up to +/- 80 chips [3],[4]. This was not agreed upon in the meeting. The issue is obviously that a too small search window could limit the coverage of the OTDOA-IPDL method further. At the same time it is more demanding for the UE to use a large search window than a small one. It is therefore important to understand, predict and to quantify any reductions of the OTDOA – IPDL coverage that could result because of the applied search window size. 

The purpose of this contribution is therefore to assess the OTDOA-IPDL coverage aspects that relate to the choice of the search window size. Note that the search window size is also believed to be an issue for the method proposed by Cambridge Positioning Systems (CPS) [6]. 

Finally, note that the effect of the IPDL attenuation is a different problem that is not addressed in this contribution.

2 Qualitative search window size effects on OTDOA-IPDL UE positioning  coverage

2.1 Search window coverage geometry

The limited search window can affect the positioning coverage by cutting out portions of the cell of the UE where the UE can listen to one specific neighbour. The geometric definitions required to understand this are depicted in Figure 1. There the locations of the i:th neighbour, the center of the cell of the UE and  the UE are represented by the vectors 
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Figure 1: OTDOA-IPDL search window coverage geometry.

Now note that at least in the network, the cell extension is available from the cell polygon [7]. From this information the cell center can be computed. The geographic locations of the antenna sites (the UTRAN access points) are also known. Further, the relative timing between different cells are known at the antenna centers. From this information it is immediately clear that the relative timing between different cells can be transformed to the cell center, and hence the timing at this location can be used to position the search window, cf. Figure 2.  

The positioning coverage limitation introduced by the search window can now be quantified. Using the definitions of Figure 1, it follows that the travel times of the radio signals from the i:th neighbour site to the cell center and to the UE can be expressed as
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respectively. The speed of light is denoted by 
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. With an assumed chip time of 
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 chips, it is clear that the measured UE  time of arrival is within the search window exactly when
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The shape of the area were the UE can hear the neighbour is illustrated in Figure 2, using the rural outdoor case described below in combination with a search window size of 
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 s. The search window defines an (at least close to) circular strip where the neighbour can be heard. Note that the +/-40 chip search window represents a thickness of strip of 6.25 km.
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Figure 2: Illustration of the positioning coverage restriction imposed by the search window. Blue represents the area within the own cell where the neighbour can be heard, while red represents the area within the own cell where the neighbour cannot be heard. The geometry is similar to the one of Figure 1.

A few comments on the result follow:

1. The strip where the UE can hear a specific neighbour will be rotated with respect to the situation of Figure 2 when a different neighbour site location is considered. The rotation will be around the reference time position, i.e. the cell center.

2. In case the reference time would be taken in the UTRAN access point of the own cell, the blue area of Figure 2 would be centered around the origin of the plot. This means that a much larger area of the own cell would fall outside the search window.

3. The SFN-SFN type 2 C/I conditions are in general worst close to the own site and better towards the measured neighbour site. Hence, the search window positioning coverage limitations adds to the already present coverage limits  due to UE sensitivity.

4. It may be that a slightly more optimal reference point, closer to the measured site, could be found. However, the main improvement seems to come from not selecting the time reference point in the antenna center of the own cell. 

2.2 Hard coverage performance loss

The figures of the previous section illustrated the positioning coverage performance effect caused by the search window for one specific neighbour site. The overall OTDOA-IPDL coverage is more related to the union of these positioning coverage areas. This follows since the UE attempts to measure on a large number of neighbours, all of which can be found in the neighbour cell list. However, it is clear from Figure 1 and Figure 2, that when the size of the cell becomes sufficiently large as compared to the width of the positioning coverage strip defined by the search window, there will be points of the own cell where the search window geometry alone prevents the UE from detecting at least 2 neighbour sites. In such a situation, a hard performance loss is in effect. Such a situation is illustrated below in Figure 3.

2.3 Soft coverage performance loss

On top of the hard performance loss there is a soft performance loss. This effect is more important since it comes into play for smaller cell radii than the hard positioning coverage performance loss.

The effect can be explained as follows. The UE measures on neighbour CPICH transmissions from cells on the neighbour cell list. In some areas of the own cell, the neighbour timing of some of the neighbours will then fall outside the search window of the UE. This means that sometimes the neighbour that would have been, say the j:th best from a pure detection perspective is not available. The consequence is that the UE must select a neighbour with worse C/I as the j:th best, only because of the limited search window. The overall effect of this is that the cumulative positioning coverage of the best, the second best, the third best, etc…cell, will be reduced, as compared to the case of an infinite search window. 
As it turns out in the simulations, this effect is much more important than the hard positioning coverage performance loss. It seems to become a problem for typical rural cases, for the lower values of the search window size.

3 Simulation methodology

Details on the simulation methodology are summarised in annex A. This section gives an overview of the procedure used in the simulations.

3.1 Overview

An accurate assessment of the effect of the search window on the OTDOA-IPDL coverage performance requires a two step procedure. 

The first step is a detailed system dimensioning step, using realistic assumptions regarding traffic and link budgets. Only in this way is it possible to obtain cell radii and site to site distances that are physically consistent with the downlink CPICH power, common channel power and traffic channel powers.

The second step uses the results of the first step as inputs to a detailed OTDOA-IPDL coverage prediction software. This software makes the final assessment of the expected coverage of the OTDOA - IPDL method, accounting for C/I conditions and the limited search window size assumed. 

4 OTDOA-IPDL coverage with varying search window size

4.1 Simulated cases

Six main cases were considered in the simulations. Since the main effects of the search window are expected for large cells, two suburban and two rural cases were selected. In addition, one open area scenario and one over water scenario were included. The suburban cases were one indoor and one in-car case, while the rural cases were one in-car case and one outdoor case. The open area and over water scenarios were both outdoor ones.  Further details on the parameters used in the dimensioning step appear in annex B. In addition, further details on the parameters used in the coverage assessment step are available in annex C. 

4.2 Results

The effects of hard and soft coverage performance loss are first illustrated in figure 3. That figure shows the experienced C/I in the over water case, assuming a +/- 40 chips search window size. Note that the situation when there is no neighbour site within the search window, appears as a very large C/I reduction. The reason is that the sorting algorithm applied in the simulation software makes use of a –100 dB penalty whenever a hard coverage performance loss is experienced. It is recommended that a magnification of 150-200% is used when studying the figures in Word.
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Figure 3: Illustration of the hard (and soft) performance loss due to a limited search window size. It is evident from the contours in the plots how the coverage of the union of all strips fail to cover the whole cell even for the best detection.

The detailed results of the coverage simulations are available in annex D. There plots are presented that describe the coverage in case of  a search window size of +/-40 chips, +/-80 chips, +/-160 chips and +/-1280 chips (approximately infinite search window). Plots are presented for all 6 cases considered.

Considering the analysis of the results of annex D, the positioning coverage performance loss is evaluated as an equivalent SFN-SFN type 2 sensitivity impairment. This loss is measured as follows. The coverage of the second best neighbour using an infinite search window is evaluated at the present –20 dB SFN-SFN type 2 Ec/I0 minimum performance requirement. The SFN-SFN type 2 sensitivity required to reach this coverage is then evaluated for the different search window sizes considered (+/- 160 chips, +/-80 chips, +/- 40 chips). The positioning coverage performance loss is then measured as the difference between the two quantities. Using this procedure Table 1 can be compiled.

	Case
	Loss +/- 160 chips
	Loss +/- 80 chips
	Loss +/-40 chips  

	Suburban in-car
	0dB
	0dB
	0 dB

	Suburban indoor
	0 dB
	0 dB
	0 dB

	Rural in car
	0 dB
	0 dB 
	0.5 dB

	Rural outdoor
	0 dB
	1 dB
	7 dB

	Rural outdoor open area
	0.5 dB
	7 dB
	>10 dB

	Rural outdoor over water
	4 dB
	>10 dB
	>>10 dB


Table 1: OTDOA-IPDL coverage performance loss due to a limited search window size, expressed as an equivalent reduction of the UE measurement sensitivity.

4.3 Discussion

The interpretation of Table 1 is clear. 

1. The +/- 40 chips search window  fails to handle one important typical case, namely rural outdoor. The equivalent performance loss of 7 dB is not acceptable since rural outdoor must be considered to occur frequently. The performance for the open area and the over water scenarios is extremely poor.

2. The +/- 80 chips search window handles all typical scenarios. The 1 dB equivalent performance loss in the rural outdoor case is moderate and can be accepted. However, the open area and over water cases cannot be handled by the +/- 80 chips choice.

3. The handling of all cases considered requires a +/- 160 chips search window. Even then the equivalent performance loss can be 4 dB in extreme cases.

Note that if the timing reference point would be selected in the UTRAN access point of the own cell, more than a doubling of the search window would be required to reach the performance figures indicated in Table 1.

5 Conclusions

This contribution has discussed the impact of the SFN-SFN type 2 search window on OTDOA-IPDL coverage performance.

The conclusion is that the +/- 40 chips search window cannot cope with rural outdoor scenarios, for typical cell radii. The +/- 80 chips window is capable of this, with an equivalent UE SFN-SFN type 2 sensitivity loss of about 1 dB, a figure that is deemed to be acceptable. However, the handling of special cases like rural open areas and over water scenarios do require a search window size of at least +/-160 chips. Ericsson therefore recommends that test cases are at least defined for the +/-40, +/-80 and +/-160 chips windows, thereby securing the implementation of these sizes in all UEs. However, it would be beneficial if test cases could be defined also for the +/-160 chips window. Since this affects the complexity of the UE implementation, the time allowed for the computation could be increased proportionally.
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7 Annex A – Details on the simulation methodology

7.1 Dimensioning step
The dimensioning step uses Ericsson’s system dimensioning tool, albeit with a setting and with parameters adapted to the particular problem at hand. The essential inputs to the dimensioning step are conventional, i.e. information on the link budgets for different services, together with assumptions on the traffic mix and the traffic intensities. A rough block diagram appears in Figure 4. As shown there, the inputs of interest for the second step are the cell size and the corresponding average powers, divided into CPICH power and other signal power. It is assumed that the network is homogenous, i.e the assumptions apply for all sites in the dimensioning process. 
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Figure 4: Block diagram of the system dimensioning step.

7.2 OTDOA-IPDL coverage prediction step
The methodology of the OTDOA-IPDL coverage prediction step is illustrated by Figure 5, which shows an overview of the simulation environment. The software is similar to the one used in [5]. Note that the inputs to the software are obtained from the system dimensioning step together with requirements on positioning coverage and the search window size.
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Figure 5: Overview of the OTDOA-IPDL coverage assessment method and software.

To comment briefly on Figure 5, the coverage prediction tool sets SFN-SFN type 2 detection thresholds at site level, given certain positioning coverage requirements. Link budgets, transmitted powers, cell radii and the selected search window size allow the neighbour site CPICH SIRs (this is what affects the SFN-SFN type 2 measurement) that are experienced by the UE to be assessed. The link budgets are computed to each one of 3600 uniformly distributed points in a grid around the own site. It should be noted that the link budgets include log-normal- and Rayleigh-fading (1 tap channel) effects. There is also an additional calculation to determine the best SIR in each grid point, thereby defining the coverage of the own cell. The area of the own cell then defines the area within which the CPICH SIRs are evaluated for positioning coverage assessment. The CPICH SIRs are transformed to Ec/I0 before plotting. In order to have a constant set of grid points over which the performance is calculated, the own cell extension is calculated without fading. In practice, hand over could be expected in portions of the own cell because of this. The link budget calculation accounts for thermal noise, antenna diagrams, site powers, site locations, fading as well as for other conventional link budget parameters, see annex B for some details. It is stressed that the software accounts for the reduced false alarm risk that follows from a reduction of the search window size from a full slot down to e.g. 80 chips. The 3-sector hexagonal site structure and the antenna directions are illustrated in Figure 6. Note that only neighbour sites are treated in this contribution. The own site is assumed to be hearable at all times.The results of this contribution are based on the computation of cumulative coverage figures, by a comparison between detection thresholds and computed neighbour site CPICH SIRs in each grid point of the own cell of the UE. 
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Figure 6: Three-sector site layout (left) and antenna directions (right).

8 Annex B – System dimensioning assumptions

Some details of the assumptions used in the system dimensioning step are shown in Table 2. That table also the site to site distance and the corresponding cell radii, all at the computed balance point.

	
	Suburban in car
	Suburban indoor
	Rural in car
	Rural outdoor
	Open area outdoor
	Over water outdoor

	Thermal noise power   dBm/Hz
	-174
	-174
	-174
	-174
	-174
	-174

	Voice (only) user rate  bps
	12200
	12200
	12200
	12200
	12200
	12200

	Body loss  dB
	3
	3
	3
	3
	3
	3

	Building penetration loss  dB
	
	12
	
	
	
	

	Car penetration loss   dB
	6
	
	6
	
	
	

	Path loss Okamura-Hata constant
	125.8
	125.8
	112.3
	112.3
	101.9
	91.4

	Path loss Okamura-Hata exponent
	34.4
	34.4
	33.8
	33.8
	33.8
	33.8

	Channel model
	Ped. B

3 km/h
	Ped. B

3 km/h
	Ped. A

3 km/h
	Ped. A 

3 km/h
	Ped. A

3 km/h
	Ped. A

3 km/h

	Geometry
	3-sector
	3-sector
	3-sector
	3-sector
	3-sector
	3-sector

	UL antenna gain  dBi
	18
	18
	18
	18
	18
	18

	UL loading % 
	60
	60
	60
	60
	60
	60

	UL MS max output power   dBm
	21
	21
	21
	21
	21
	21

	DL total power   dBm
	41.7
	41.7
	41.7
	41.7
	41.7
	41.7

	DL cable loss   dB
	3
	3
	3
	3
	3
	3

	DL  noise figure   dB
	9
	9
	9
	9
	9
	9

	DL orthogonality
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	DL antenna gain
	18
	18
	18
	18
	18
	18

	Maximum path loss   dB
	150
	142
	146
	152
	152
	152

	Site to site distance   km
	7.8
	4.5
	15.0
	23.0
	47.0
	96.1

	Cell radius    km 
	5.2
	3.0
	10.0
	15.3
	31.3
	63.9


Table 2: Dimensioning assumptions and results.

9 Annex C

	OTDOA-IPDL positioning parameter
	

	Number of neighbour sites for succesful positioning
	2

	Probability of correct positioning
	0.975

	IPDL attenuation    dB
	-25 

	Number of measured chips/IPDL gap
	2560 (10 symbols)

	Number of IPDL gaps of incoherent integration
	16

	Incoherent integration gain / doubling     dB
	2 

	Suburban log normal standard deviation   dB
	10

	Rural log normal standard deviation   dB
	6

	Log normal site to site correlation
	0.5

	Chip rate      /s
	3840000

	Total number of cells in simulation
	3 x 37

	Total number of measured cells in simulation
	18 


Table 3: Some important OTDOA-IPDL parameters used in the simulations.

As shown in Table 3, the required probability of correct positioning was set to 97.5%. At a UE positioning coverage of 97.5 %, the overall availability of OTDOA-IPDL positioning will then be 95%, in line with the FCC E-911 requirements.

10  Annex D - Simulation results

Using the figures of Table 2, together with the additional parameters of Table 3, specific to the OTDOA-IPDL coverage prediction, coverage curves were computed for a number of situations. These coverage curves show the cumulative coverage in % of the six best neighbour detections in a given situation. In these simulations, incoherent integration of 16 slots was used, in order to assess the coverage also beyond the present –20 dB Ec/I0 SFN-SFN type 2 sensitivity. For a specific Ec/I0, the difference as compared to less incoherent integration is small, cf. [5]. 

The results of the simulation are now available in Figure 7 (suburban, in car), Figure 8 (suburban indoor), Figure 9 (rural, in car), Figure 10 (rural, outdoor), Figure 11 (open area, outdoor) and Figure 12 (over water, outdoor). All plots displays four subplots illustrating the effect of a search window size of 40 chips, 80 chips, 160 chips and 1280 chips (approximately infinite search window).
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Figure 7: Cumulative coverage plots for the six best detections for infinite search window (top left), +/-160 chips search window (top right), +/- 80 chips search window (bottom left) and +/- 40 chips search window (bottom right). Suburban in-car environment.
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Figure 8: Cumulative coverage plots for the six best detections for infinite search window (top left), +/-160 chips search window (top right), +/- 80 chips search window (bottom left) and +/- 40 chips search window (bottom right). Suburban indoor environment.
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Figure 9: Cumulative coverage plots for the six best detections for infinite search window (top left), +/-160 chips search window (top right), +/- 80 chips search window (bottom left) and +/- 40 chips search window (bottom right). Rural in-car environment.
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Figure 10: Cumulative coverage plots for the six best detections for infinite search window (top left), +/-160 chips search window (top right), +/- 80 chips search window (bottom left) and +/- 40 chips search window (bottom right). Rural outdoor environment.
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Figure 11: Cumulative coverage plots for the six best detections for infinite search window (top left), +/-160 chips search window (top right), +/- 80 chips search window (bottom left) and +/- 40 chips search window (bottom right). Rural outdoor open area environment.
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Figure 12: Cumulative coverage plots for the six best detections for infinite search window (top left), +/-160 chips search window (top right), +/- 80 chips search window (bottom left) and +/- 40 chips search window (bottom right). Rural outdoor over water environment.

Remark: The fact that the coverage for an infinite window varies somewhat is due to the different CPICH powers that result from the system dimensioning step. 

A comment on the interpretation of the plots above is in order. According to the assumptions of this contribution the second best detected neighbour site determines the coverage. Then the portions of the curves that fall above a certain coverage threshold in % represent grid points where the second best site cannot be heard, hence less than 2 sites are heard in these grid points and positioning fails. Thus portions of the curve below the same level represent grid points were the second best site can be heard. Hence also the first neighbour is heard and positioning succeeds. It may very well be that more than two sites are heard in some of these grid points but that does not affect the successfulness of the positioning.
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