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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. The IPDL method is introduced in order to be able to “hear” the CPICH transmissions from neighbour base stations in sufficiently large portions of the own cell.

Recently, the need for precise minimum requirements on the IPDL power attenuation was pointed out by Nortel Networks [2]. The need for a time mask defining minimum ramp down and ramp up requirements was also addressed. At the TSG-RAN WG 4 meeting #21, an IPDL attenuation of -20 dB was formally proposed [6], [7]. However, at that meeting further papers were submitted, indicating that attenuation levels of -25 dB [4], [5] or -45 dB [3] would be more suitable. Since the issue is still open, the purpose of this paper is to provide further and extended simulation results to enable a selection of a suitable level of IPDL power attenuation, among the current proposals. 

An equally important issue for coverage performance of the OTDO-IPDL positioning method is the measurement sensitivity of the UE with respect to the SFN-SFN type 2 measurement [8]. The current specification sets the sensitivity value to –20 dB Ec/I0, see [8]. The contribution [4] indicated a concern that this figure may need to be tightened somewhat, in order to ensure detection of a  high enough number of neighbour sites to allow for successful positioning in a sufficient percentage of the cell. This coverage parameter is expected to be of major importance in the US market, where highly accurate E-911 emergency positioning is now mandated for all cellular network operators [9]. The requirements call for 50 meter accuracy in 67% of all calls and 150 meter accuracy in 95 % of all calls. The latter figure means that the UE positioning function must be successful in at least 95 % of the cases. As will be discussed in this contribution, the implications on detection probability and thereby on UE measurement capability, may be significant.

2 Methodology

Simulation assumptions are summarised in Annex A. The methodology is illustrated by Figure 1, which shows an overview of the simulation environment. 
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Figure 1: Overview of the OTDOA-IPDL coverage assessment method and software.

To comment briefly on Figure 1, the two upper left blocks together sets SFN-SFN type 2 detection thresholds at site level, given certain coverage requirements. Link budgets 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 fading. Contrary to [4] also Rayleigh fading effects are included in this contribution (1 tap channel). 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 section 3. 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, cf. [2]. 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 the annex for some details. The 3-sector hexagonal site structure and the antenna directions are illustrated in Figure 2. Note that only neighbour sites are treated in this contribution. The own site is assumed to be hearable at all times. The bottom blocks of figure 1 show  some of the outputs that can be obtained. The possible outputs are further illustrated in Figure 3. Note that Figure 3 does not show results that are a part of the results of this contribution, the figure is presented for illustration purposes only.  

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. The same type of curves are used for assessment of both the IPDL attenuation and the UE SFN-SFN type 2 measurement sensitivity.
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Figure 2: Three-sector site layout (left) and antenna directions (right).
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Figure 3: Example of the simulated SFN-SFN type 2 Ec/I0 before processing as a function of the position in the own cell (left figures), together with required corresponding UE measurement times (right figures) to obtain a successful detection, using the values of the left figures. The top figures show results cleaned from all fading while the bottom figures include log-normal fading and Rayleigh fading. The figures shown are averaged over 8 IPDL periods (1 slot IPDL periods). 

In this contribution, only the three sector antenna case is treated. The OMNI antenna case was shown to be very similar to the three sector case in [4]. Some further results on the coverage reduction because of adjacent frequency sites in the own cell are also available in [4]. 

2.1 IPDL attenuation

The paper addresses the IPDL attenuations proposed within RAN 4, i.e. - 20 dB, -25 dB and - 45 dB.  Urban, suburban and rural situations have been simulated for low as well as for high power settings. In-coherent integration lengths of 1,2,4,8 and 16 IPDL periods of 1 slot each have been investigated. Going beyond 16 slots would mean that UE movement could become dominant at normal highway speeds. Using the highest available repetition frequency, 16 slots can be measured with IPDL active in 5*0.01*15 seconds=0.75 seconds. At 130 km/h this corresponds to 27 m which is surely on the limit of affecting detection performance. Hence, longer in-coherent integration times than 16 IPDL periods have not been considered. 

The effect of the varying IPDL attenuation was assessed by comparing the Ec/I0 required for the second best (2D-positioning) neighbour detection at two coverage levels on this curve. 

· The first coverage reference point was selected as the coverage in % of the second best neighbour detection, at the current SFN-SFN type 2 measurement capability of -20 dB (Ec/I0) using the curve corresponding to the IPDL attenuation - 20 dB. 

· The second coverage reference point was selected as the 97.5% coverage point of the second best neighbour detection. This is because the detection threshold setting is such that the total false alarm rate is expected to be about 2.5%, thereby leaving 97.5% correct positioning detections. With a 97.5 % coverage on top of this, a figure that corresponds to the FCC E-911 requirements of 95 % successful operation [9] is obtained. The motivation for this assumption is the fact that the US E-911 requirements are likely to become very significant in the near future, and therefore they need to be studied carefully. 

2.2 UE SFN-SFN type 2 measurement sensitivity

The UE SFN-SFN type 2 measurement sensitivity was studied for the same cases as the IPDL attenuation, see section 2.1. In this case, the resulting coverage figures in % are reported.

3 Simulation results

3.1 IPDL attenuation

The simulations were performed for high and low power scenarios for rural, suburban and urban environments, using in-coherent integration over 1,2,4,8,and 16 IPDL periods of length 1 slot (2560 chips). The IPDL attenuations  - 20 dB, -25 dB and - 45 dB were treated.  Coverage curves for the suburban case are compared with respect to the IPDL attenuation in Figure 4 (1 slot, no in-coherent integration), Figure 5 (2 slots of in-coherent integration), Figure 6 (4 slots of in-coherent integration), Figure 7 (8 slots of in-coherent integration) and Figure 8 (16 slots of in-coherent integration).  Note that the high number of points in each simulation automatically results in a high level of averaging. Since the random realisations still differ somewhat between the cases, the most safe way to interpret the results is to compare the results for different IPDL attenuations within one simulated case, rather than studying the absolute figures. In order to study the details of the plots, it is recommended that a 150%-200% magnification is used.
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Figure 4: Suburban coverage as a function of the UE SFN-SFN type 2 measurement capability (Ec/I0). Low power appears at the top and high power at the bottom. UE measurement time 1 IPDL period of length 1 slot.
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Figure 5: Suburban coverage as a function of the UE SFN-SFN type 2 measurement capability (Ec/I0). Low power appears at the top and high power at the bottom. UE measurement time 2 IPDL periods of length 1 slot.
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Figure 6: Suburban coverage as a function of the UE SFN-SFN type 2 measurement capability (Ec/I0). Low power appears at the top and high power at the bottom. UE measurement time 4 IPDL periods of length 1 slot.
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Figure 7: Suburban coverage as a function of the UE SFN-SFN type 2 measurement capability (Ec/I0). Low power appears at the top and high power at the bottom. UE measurement time 8 IPDL periods of length 1 slot.
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Figure 8: Suburban coverage as a function of the UE SFN-SFN type 2 measurement capability (Ec/I0). Low power appears at the top and high power at the bottom. UE measurement time 16 IPDL periods of length 1 slot.

Some comments on the plots are in order.  According to the assumptions of the paper 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.

Note that the effect of the Rayleigh fading is countered somewhat since the UE is assumed to make measurements on more than the minimum number of sites. Consider e.g. a grid point where the neighbour site under consideration would have the best Ec/I0 without considering Rayleigh fading. In case  this measured site would experience a significant fading dip, the ordering of the detections in terms of the best, the second best and so on, would change and remove the neighbour site under consideration from being the best site in the particular grid point. Therefore sites with rather favourable fading conditions will mostly constitute the best detections when positioning coverage is assessed. The addition of in-coherent integration will counter negative effects of Rayleigh fading further.

Finally, note that all results for the rural, suburban and urban cases appear in Table 1 and Table 2, while only plots for the suburban case are shown.

	Case
	Power
	Integration

[slots]
	SFN-SFN type 2 at  IPDL  -20 dB

[dB]
	SFN-SFN type 2 at  IPDL  -25 dB

[dB]
	SFN-SFN type 2 at  IPDL  -45 dB

[dB]
	Gain1

[dB]
	Gain2

[dB]
	Gain3 

[dB]
	Coverage

[%]

	Urban
	Low
	1
	-20.0
	-18.6
	-17.2
	1.4
	1.4
	2.8
	90.0

	Urban
	Low
	2
	-20.0
	-18.4
	-17.2
	1.6
	1.3
	2.8
	89.7

	Urban
	Low
	4
	-20.0
	-18.9
	-17.7
	1.1
	1.3
	2.8
	90.7

	Urban
	Low
	8
	-20.0
	-18.1
	-17.3
	1.9
	0.9
	2.7
	90.6

	Urban
	Low
	16
	-20.0
	-18.9
	-16.9
	1.1
	2.0
	3.1
	90.1

	Urban
	High
	1
	-20.0
	-19.7
	-18.9
	0.3
	0.7
	1.1
	59.3

	Urban
	High
	2
	-20.0
	-19.7
	-18.8
	0.3
	0.9
	1.2
	59.5

	Urban
	High
	4
	-20.0
	-19.5
	-18.9
	0.5
	0.5
	1.1
	59.6

	Urban
	High
	8
	-20.0
	-19.3
	-18.7
	0.7
	0.6
	1.3
	57.8

	Urban
	High
	16
	-20.0
	-19.4
	-18.9
	0.6
	0.5
	1.1
	58.2

	Suburban
	Low
	1
	-20.0
	-19.4
	-17.7
	0.6
	1.7
	2.3
	88.8

	Suburban
	Low
	2
	-20.0
	-19.8
	-18.2
	0.2
	1.7
	1.9
	89.9

	Suburban
	Low
	4
	-20.0
	-19.0
	-18.0
	1..0
	1..0
	2.0
	87.6

	Suburban
	Low
	8
	-20.0
	-19.2
	-17.8
	0.8
	1.4
	2.2
	88.4

	Suburban
	Low
	16
	-20.0
	-19.4
	-18.3
	0.6
	1.1
	1.7
	89.1

	Suburban
	High
	1
	-20.0
	-19.6
	-18.6
	0.4
	1.0
	1.4
	54.6

	Suburban
	High
	2
	-20.0
	-19.6
	-19.1
	0.4
	0.5
	0.9
	56.2

	Suburban
	High
	4
	-20.0
	-19.3
	-18.9
	0.7
	0.4
	1.1
	54.4

	Suburban
	High
	8
	-20.0
	-19.6
	-19.0
	0.3
	0.9
	1.3
	54.7

	Suburban
	High
	16
	-20.0
	-19.6
	-19.0
	0.4
	0.6
	1.0
	56.1

	Rural
	Low
	1
	-20.0
	-18.5
	-18.0
	1.5
	0.6
	2.0
	95.5

	Rural
	Low
	2
	-20.0
	-18.4
	-17.6
	1.6
	0.8
	2.4
	94.3

	Rural
	Low
	4
	-20.0
	-18.2
	-18.1
	1.8
	0.2
	2.1
	95.2

	Rural
	Low
	8
	-20.0
	-19.0
	-17.9
	1.0
	1.1
	2.1
	95.3

	Rural
	Low
	16
	-20.0
	-18.6
	-17.4
	1.4
	1.2
	2.6
	95.0

	Rural
	High
	1
	-20.0
	-19.5
	-19.1
	0.5
	0.5
	0.9
	62.5

	Rural
	High
	2
	-20.0
	-19.7
	-19.2
	0.3
	0.5
	0.8
	63.7

	Rural
	High
	4
	-20.0
	-19.4
	-18.8
	0.6
	0.6
	1.2
	60.6

	Rural
	High
	8
	-20.0
	-19.6
	-19.4
	0.4
	0.2
	0.6
	63.7

	Rural
	High
	16
	-20.0
	-19.6
	-18.9
	0.4
	0.6
	1.1
	60.5


Table 1: Comparison of the required SFN-SFN type 2 measurement sensitivity (Ec/I0) between –20 dB, -25 dB and –45 IPDL attenuation. The reference point is the coverage at the –20 dB Ec/I0 point of the second best detection  of the –20 dB IPDL attenuation curves.  Gain 1 is defined as the Ec/I0 at –25 dB IPDL attenuation minus the Ec/I0 at –20 dB IPDL attenuation, Gain 2 is defined as the Ec/I0 at –45 dB IPDL attenuation minus the Ec/I0 at –25 dB IPDL attenuation Ec/I0 and Gain 3 is defined as the Ec/I0 at –45 dB IPDL attenuation minus the Ec/I0 at –20 dB IPDL attenuation. The coverage reference value is also shown.

	Case
	Power
	Integration

[slots]
	SFN-SFN type 2 at  IPDL  -20 dB

[dB]
	SFN-SFN type 2 at  IPDL  -25 dB

[dB]
	SFN-SFN type 2 at  IPDL  -45 dB

[dB]
	Gain     1

[dB]
	Gain   2

[dB]
	Gain  3

[dB]

	Urban
	Low
	1
	
	
	
	
	
	

	Urban
	Low
	2
	
	
	-21.6
	
	
	

	Urban
	Low
	4
	
	-23.7
	-21.9
	
	1.8
	

	Urban
	Low
	8
	
	-24.1
	-21.8
	
	2.3
	

	Urban
	Low
	16
	-26.5
	-23.3
	-22.0
	3.2
	1.3
	4.5

	Urban
	High
	1
	
	
	
	
	
	

	Urban
	High
	2
	
	
	
	
	
	

	Urban
	High
	4
	
	
	
	
	
	

	Urban
	High
	8
	
	
	
	
	
	

	Urban
	High
	16
	
	
	
	
	
	

	Suburban
	Low
	1
	
	
	
	
	
	

	Suburban
	Low
	2
	
	
	-21.7
	
	
	

	Suburban
	Low
	4
	
	
	-23.2
	
	
	

	Suburban
	Low
	8
	-26.1
	-25.3
	-21.7
	1.0
	3.5
	4.5

	Suburban
	Low
	16
	-27.5
	-25.0
	-23.0
	2.5
	1.9
	4.4

	Suburban
	High
	1
	
	
	
	
	
	

	Suburban
	High
	2
	
	
	
	
	
	

	Suburban
	High
	4
	
	
	
	
	
	

	Suburban
	High
	8
	
	
	
	
	
	

	Suburban
	High
	16
	
	
	
	
	
	

	Rural
	Low
	1
	
	-19.7
	-18.5
	
	1.2
	

	Rural
	Low
	2
	
	-20.2
	-18.9
	
	1.3
	

	Rural
	Low
	4
	-22.8
	-19.7
	-18.9
	3.1
	0.8
	3.9

	Rural
	Low
	8
	-21.4
	-21.0
	-18.6
	0.4
	2.4
	2.8

	Rural
	Low
	16
	-22.3
	-19.9
	-18.6
	2.4
	1.3
	3.7

	Rural
	High
	1
	
	
	
	
	
	

	Rural
	High
	2
	
	
	
	
	
	

	Rural
	High
	4
	
	
	
	
	
	

	Rural
	High
	8
	
	
	-24.3
	
	
	

	Rural
	High
	16
	
	-26.9
	-24.4
	
	2.5
	


Table 2: Comparison of the required SFN-SFN type 2 measurement capability (Ec/I0) between –20 dB, -25 dB and –45 IPDL attenuation. The reference point is the 97.5 % coverage point of the second best detection.  Gain 1 is defined as the Ec/I0 at –25 dB IPDL attenuation minus the Ec/I0 at –20 dB IPDL attenuation, Gain 2 is defined as the Ec/I0 at –45 dB IPDL attenuation minus the Ec/I0 at –25 dB IPDL attenuation Ec/I0 and Gain 3 is defined as the Ec/I0 at –45 dB IPDL attenuation minus the Ec/I0 at –20 dB IPDL attenuation. The empty boxes correspond to cases where 97.5 % coverage was not reached.

Ericsson believes that the following observations and conclusions can be drawn from the results presented in Figure 4 – Figure 8 and in Table 1 and Table 2. 

1. At the present SFN-SFN type 2 measurement sensitivity of –20 dB (Ec/I0), i.e. for the first selection of coverage reference point, the gains of an increased IPDL attenuation are higher (however more uncertain) in situations with a low level of interference, than in situations with a high level of interference. This is natural considering the fact that the coverage reference point occurs at very different portions of the coverage curves. For the low power cases the absolute value of the slopes at the coverage reference points in Figure 4 – Figure 8 are significantly lower than for the high power cases.

2. Using the currently available SFN-SFN type 2 measurement sensitivity, i.e. the first coverage reference point, the following figures can be stated. For high levels of interference (when the coverage really needs enhancements), the reduction of the required SFN-SFN type 2 measurement sensitivity (Ec/I0) when going from –20 dB to –25 dB seems to be of the order of 0.5 dB for the first coverage reference point. A further tightening of the IPDL attenuation to –45 dB from –25 dB seems to result in a reduction of the required Ec/I0 with another 0.5 dB.

3. Using the 97.5% coverage reference point, the statistical material is much smaller, simply because 97.5% coverage is reached only for a few cases. However, there is no evidence in the results that contradicts the statement that the gains are similar in the low and high power cases. 

4. For very high coverage requirements (97.5 %), the effects of a more tight specification of the IPDL attenuation is more pronounced. The reduction of the required Ec/I0 when going from –20 dB to –25 dB seems to be of the order of 1-3 dB. A further tightening of the IPDL attenuation to –45 dB from –25 dB seems to result in a reduction of the required Ec/I0 with another 1-3 dB.  It should be noted that 97.5 % coverage was only reached in a few cases and so these results should be interpreted with care.

To summarise, the gains in terms of a reduced SFN-SFN type 2 measurement sensitivity seem to be similar when 

· the  IPDL attenuation is tightened  from –20 dB to –25 dB. 

· the IPDL attenuation is tightened from –25 dB to –45 dB.

Despite of this,

· the coverage remains insufficient and does not get close to 90% in the high power cases.

Furthermore,

· going from –20 dB to –25 dB requires a power attenuation enhancement  of a factor of 3.

· going from –25 dB to –45 dB requires a power attenuation enhancement of a factor of 100! 

Ericsson’s conclusion is therefore that an IPDL attenuation of more than –25 dB cannot be motivated from a positioning coverage point of view. In such situations the interference from the other neighbour cells starts to dominate. As shown in section 3.2, tightening of the SFN-SFN type 2 measurement sensitivity is a more efficient step to take against this.

Ericsson also believes that the minimum level of IPDL attenuation should be set with respect to the maximum output power of the node B. The reasons are:

1. It is the high power cases that need most improvements in order to secure a high enough positioning coverage.

2. For low power scenarios, an IPDL attenuation of –20 dB is sometimes sufficient to achieve a high coverage. There is hence an additional margin in these cases with respect to coverage performance, a fact that reduces the need for a relative specification of the minimum IPDL attenuation. 

3.2 UE SFN-SFN type 2 measurement sensitivity

Since it seems that an increased IPDL attenuation beyond –25 dB is unlikely to  give a sufficient positioning coverage, considering e.g. the E-911 requirements, other means for  coverage enhancements need to be enforced. One efficient way seems to be to tighten the SFN-SFN type 2 measurement capability from its current –20 dB figure. The advantage is obvious from a study of the high power cases of Figure 4 – Figure 8. It is clearly more efficient to move the Ec/I0 sensitivity to the left than to rely on IPDL attenuation to enforce a further “convergence” of the coverage curves towards their limit at an infinite IPDL attenuation. In order to study this in more detail  Table 3 has been compiled. That table shows the actual maximum coverage figures obtained in the cases of Table 1. The coverage is, as previously, defined by the second best neighbour site detection of the UE.   

The results of Table 3 are illustrated further in Figure 9 - Figure 11, which show the maximum positioning coverage in % as a function of the SFN-SFN type 2 measurement sensitivity of the UE. The three diagrams show the urban, suburban and rural cases. Each diagram shows curves for –20 dB IPDL attenuation, -25 dB IPDL attenuation and –45 dB IPDL attenuation.  The tightening of the IPDL attenuation is represented by the vertical difference between the curves. The tightening of the SFN-SFN type 2 measurement sensitivity is represented by the variation of the curves themselves. Tightening of the SFN-SFN type 2 measurement sensitivity requirement seems to be a more efficient step to take than a continued tightening of the IPDL attenuation beyond –25 dB.

	Case
	Power
	Integration

[slots]
	Coverage at  IPDL    -20 dB

[%]
	Coverage at  IPDL    -25 dB

[%]
	Coverage at  IPDL    -45 dB

[%]
	Gain 1

[%]
	Gain 2

[%]
	Gain3

[%]
	SFN-SFN type 2 

[dB]

	Urban
	Low
	1
	90.4
	93.7
	96.0
	3.2
	2.2
	5.5
	-20.2

	Urban
	Low
	2
	93.7
	96.6
	98.1
	2.8
	1.5
	4.3
	-22.2

	Urban
	Low
	4
	96.4
	98.4
	98.6
	1.9
	0.3
	2.2
	-24.2

	Urban
	Low
	8
	97.3
	98.2
	99.6
	0.9
	1.3
	2.2
	-26.2

	Urban
	Low
	16
	98.2
	99.0
	99.5
	0.7
	0.6
	2.2
	-28.2

	Urban
	High
	1
	61.0
	67.4
	71.0
	6.4
	3.6
	10.1
	-20.2

	Urban
	High
	2
	75.5
	79.7
	84.9
	4.2
	5.2
	9.4
	-22.2

	Urban
	High
	4
	82.5
	87.3
	92.1
	4.9
	4.7
	9.6
	-24.2

	Urban
	High
	8
	88.1
	92.5
	95.1
	4.4
	2.6
	7.0
	-26.2

	Urban
	High
	16
	93.0
	95.7
	97.1
	2.7
	1.4
	4.1
	-28.2

	Suburban
	Low
	1
	89.4
	91.3
	95.1
	1.9
	3.7
	5.7
	-20.2

	Suburban
	Low
	2
	94.3
	95.2
	97.9
	0.9
	2.7
	3.6
	-22.2

	Suburban
	Low
	4
	96.3
	97.4
	98.5
	1.2
	1.0
	2.2
	-24.2

	Suburban
	Low
	8
	97.6
	98.2
	99.5
	0.6
	1.3
	1.9
	-26.2

	Suburban
	Low
	16
	98.4
	99.3
	99.9
	0.9
	0.6
	1.5
	-28.2

	Suburban
	High
	1
	56.1
	62.2
	70.4
	6.1
	8.2
	14.3
	-20.2

	Suburban
	High
	2
	74.5
	77.1
	83.4
	2.6
	6.2
	8.8
	-22.2

	Suburban
	High
	4
	82.9
	88.0
	92.1
	5.0
	4.1
	9.1
	-24.2

	Suburban
	High
	8
	89.9
	92.2
	95.7
	2.3
	3.5
	5.8
	-26.2

	Suburban
	High
	16
	92.2
	95.7
	97.2
	3.5
	1.5
	5.0
	-28.2

	Rural
	Low
	1
	95.8
	97.6
	98.8
	1.8
	1.2
	3.0
	-20.2

	Rural
	Low
	2
	96.8
	98.5
	99.7
	1.7
	1.2
	2.9
	-22.2

	Rural
	Low
	4
	98.2
	99.1
	99.8
	0.9
	0.8
	1.7
	-24.2

	Rural
	Low
	8
	98.6
	99.5
	99.8
	0.9
	0.3
	1.2
	-26.2

	Rural
	Low
	16
	99.4
	99.4
	99.8
	0.0
	0.5
	0.5
	-28.2

	Rural
	High
	1
	64.7
	70.8
	75.8
	6.2
	4.9
	11.1
	-20.2

	Rural
	High
	2
	83.5
	85.8
	91.0
	2.3
	5.2
	7.6
	-22.2

	Rural
	High
	4
	90.1
	93.5
	96.9
	3.4
	3.4
	6.8
	-24.2

	Rural
	High
	8
	95.5
	97.1
	98.9
	1.5
	1.8
	3.4
	-26.2

	Rural
	High
	16
	96.5
	98.1
	99.4
	1.7
	1.2
	2.9
	-28.2


Table 3: Comparison of the maximum positioning coverage between the IPDL attenuations –20 dB, -25 dB and –45 dB.  Gain 1 is defined as the coverage at –25 dB IPDL attenuation minus the coverage at –20 dB IPDL attenuation, Gain 2 is defined as the coverage at –45 dB IPDL attenuation minus the coverage at –25 dB IPDL attenuation and Gain 3 is defined as the coverage at –45 dB IPDL attenuation minus the coverage at –20 dB IPDL attenuation. The coverage is computed with respect to the second best neighbour site detection of the UE.
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Figure 9: Urban high power coverage as a function of the SFN-SFN type 2 measurement sensitivity for IPDL attenuations of –20 dB (*), -25 dB (+) and –45 dB (o). 
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Figure 10: Suburban high power coverage as a function of the SFN-SFN type 2 measurement sensitivity for IPDL attenuations of –20 dB (*), -25 dB (+) and –45 dB (o). 
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Figure 11: Rural high power coverage as a function of the SFN-SFN type 2 measurement sensitivity for IPDL attenuations of –20 dB (*), -25 dB (+) and –45 dB (o). 

Ericsson believes that the following observations and conclusions can be drawn from the results presented in Table 3 and in Figure 9 – Figure 11.

1. The present value of the SFN-SFN type 2 measurement sensitivity (-20 dB Ec/I0) seems to give a positioning coverage that is insufficient for US emergency positioning, irrespective of the IPDL attenuation selected. It is believed that it may also be insufficient for some commercial services since a user may need a high performance UE positioning function that is successful in more than about two thirds of the times it is used. It is believed that a significantly higher rate of success is sometimes needed.

2. A tightening of the minimum IPDL attenuation from –20 dB to –45 dB   seems to results in an increase of the coverage with approximately 10 %, from between 55 and 65 %  up to 65-75 %. Approximately half of that gain appears to be obtained by a tightening of the minimum IPDL attenuation to –25 dB.

3. A tightened SFN-SFN type 2 measurement sensitivity seems to be a more efficient way of increasing the positioning coverage. If the operating point is selected at the present SFN-SFN type 2 measurement sensitivity, a 10 % gain is obtained by a 1.5 dB tightening of the sensitivity. This corresponds to less than a doubling of the number of slots used for in-coherent integration.

4. With the present setting at about 2.5 % false alarm rate, it can be seen that a successful positioning in 90% (i.e. a coverage of 92.5%) of the cases requires SFN-SFN type 2 measurement sensitivities of about –26.5 dB in the urban and suburban cases, and about –24.0 dB in the rural case. This assumes an IPDL attenuation of -25 dB.  A 90% success rate may be sufficient for many commercial services.

5. With the present setting at about 2.5 % false alarm rate, it can be seen that a successful positioning in 95% (i.e. a coverage of 97.5%) of the cases requires SFN-SFN type 2 measurement sensitivities significantly below –27 dB.

4.  Conclusion

This contribution has assessed two issues of great importance for the coverage performance of the OTDOA-IPDL positioning method. 

The first issue concerns the selection of a suitable level of the power attenuation during idle periods. The conclusion of the presented simulations is that a tightened IPDL attenuation may increase the coverage in high interference situations, with about 10 %, from the 55-65% level up to 65-75%, in case the levels of –20 dB and –45 dB IPDL attenuation are compared. The –25 dB level gives about half of that gain. Since the level of power attenuation is about a factor of three higher in the latter case, but a factor of 300 higher in the former case, it seems clear that going  to –45 dB IPDL attenuation is not an efficient way to increase positioning coverage, simply because long before that level of attenuation neighbour interference starts to dominate. It may also, because of the high level of attenuation, cause other unexpected problems. Ericsson therefore recommends that the minimum level of IPDL attenuation is set to –25 dB with respect to the maximum node B power. The fact that the reference should be the maximum node B power is that the coverage enhancements are primarily needed in the high power cases. Furthermore, there is already an additional margin for low powers. This latter fact reduces the need for a relative setting of the minimum IPDL attenuation.

The simulated high power scenarios indicate that the expected coverage performance of the OTDOA – IPDL positioning method may not be sufficient presently, neither from a formal FCC E-911 perspective nor from some commercial points of view. The results of this paper have indicated that a tightened minimum level of IPDL attenuation is not a possible way to solve this issue – a better way towards an acceptable performance in terms of coverage seems to be a more stringent detection specification with respect to the SFN-SFN type 2 measurement. In order to reach a  90 % success rate it seems necessary to tighten this requirement from –20 dB (Ec/I0) to about -26.5 dB (Ec/I0). However, in order to reach a 95% success rate even tighter figures seem to be needed.

Regarding the SFN-SFN type 2 specification, Ericsson believes that input from other sources are needed to obtain more knowledge of these aspects before a more firm decision is taken. Input from other UE vendors are of particular importance, considering facts like implementation complexity and implementation losses. Ericsson therefore recommends that the SFN-SFN type 2 sensitivity issue is taken up for discussion within RAN 4. From a coverage point of view we propose that the requirements are tightened, but how much it is possible to tighten the requirements must be studied further.

Finally, it should be noted that additional margins to what have been shown in this contribution may be needed. This is, of course, because of a number of simplifying assumptions are in place in the simulations, e.g. with respect to actual cell extension, multipath performance, indoor losses and synchronisation.
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Annex A: Simulation assumptions

	Quantity
	Value

	Cell layout
	3-sector

	Site to site distance (rural)
	15 km

	Site to site distance (suburban)
	4.0 km

	Site to site distance (urban)
	1.0 km

	Number of base stations (BSs)
	37, see Figure 1

	CPICH power
	10%

	Total BS output power (low power case)
	20%

	Total BS output power (high power case)
	85%

	BS antenna gain 3-sector (incl. Losses)
	14.5 dBi

	Orthogonality
	0.4

	Path loss (rural)
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	Log normal fading standard deviation (rural)
	6 dB

	Log normal fading standard deviation (suburban)
	8 dB

	Log normal fading standard deviation (urban)
	8 dB

	Fast fading
	Rayleigh 1 tap channel

	Assumed total positioning success rate
	95%

	Number of neighbours for successful positioning
	2
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