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1 Introduction

One important 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 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.

The issue raised in the contribution [2], i.e. the need for time mask requirements in the transmitter section to support IPDL, is discussed further here. The primary goal of this contribution is to provide further simulation results on the minimum isolation needed for successful IPDL operation, thereby complementing [2]. In particular, results are reported for omni as well as for three sector antenna configurations. Urban, suburban and rural scenarios are treated for high and low power settings. Preliminary results on the effects of adjacent frequency jammers are also discussed briefly.

2 Methodology

Simulation assumptions are summarised in Annex A.

The (positioning) coverage simulations are based on a division of the area around the site of the UE in a grid consisting of 1600 points. Relevant quantities, like the CPICH SIRs experienced by the UE (this is what affects the SFN-SFN type 2 measurement), are then calculated in each of these grid points. 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 calculated from each neighbouring cell. The CPICH SIRs are then transformed to Ec/N0 before plotting in section 3.

Static link budget calculations are performed to each point in the grid of UE locations that is defined around the own site and log normal fading is added. Thermal noise, antenna diagrams, site powers, site locations as well as other conventional link budget parameters are accounted for. Note that only neighbour sites are treated in this contribution. The own site is assumed to be hearable at all times.

IPDL attenuations of 0 dB, 10 dB, 20 dB, 25 dB, 30 dB and 35 dB have been evaluated. The simulations have been performed for both omni and three sector site configurations (IPDL periods are synchronised between sectors of the same site). The 3-sector hexagonal site structure and the antenna directions are illustrated in Figure 1.
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Figure 1: Three-sector site layout (left) and antenna direction (right).

Urban, suburban and rural situations have been simulated for low as well as for high power settings. In addition to this the effects adjacent frequency carriers, both co-sited and in the interior of the own cell, have been addressed.

Due to space constraints, only a subset of the available results are displayed in this contribution.

3 Simulation results

3.1 Omni simulations, urban, high power
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Figure 2: Coverage curves for the 6 best neighbour detections, varying IPDL attenuation, urban high power case.

It can be seen that the improvements are relatively minor for IPDL attenuations above 25 dB. The following differences in assumptions from the assumptions in [2] have been noted:

· The area defining the coverage from the “own” cell is defined by the area having the highest SIR when looking at the static link budget figures and propagation conditions, i.e. the choice of best cell is not re-evaluated based on the effect on the SIR from the lognormal fading. This should partly account for the higher Ec/N0 figures for low coverage figures, the reason being that in these situations the corresponding neighbours are instead selected as the own cell in [2]. This difference in methodology also results in a reduced Ec/N0 for the second, third… best neighbours as computed in [2]. This is believed to contribute to the 1-2 dB higher required Ec/N0 (for the same coverage) in this contribution, as compared to [2].

· The cell loading in high power is 85% compared to 100% in [2], however this is believed to have only minor impacts on the results.

· There may be some difference also in the choice of lognormal fading parameters, but again this is assumed to have minor impacts on the results.

3.2 Omni simulations, urban, low power
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Figure 3: Coverage curves for the 6 best neighbour detections, varying IPDL attenuation, urban low power case.

Also for low power, only small improvements are obtained for IPDL attenuations beyond 25 dB. The intention with figure 3 is to compare with the corresponding plots of Figure 2, so that a realistic load situation is used when the necessary level of IPDL attenuation is assessed. 

At the 90% coverage level the low power curves are about 7 dB better in Ec/N0 than the high power curves at 25 dB IPDL attenuation. At 25 dB IPDL attenuation and low power 3 neighbours can be heard assuming a –20 dB Ec/N0 measurement capability. At high power only 1 neighbour can be heard. Assuming a -25 dB Ec/N0 measurement capability the corresponding figures are more than 5 at low power and almost 3 at high power. At least 2 neighbours need to be heard for successful positioning. Note that in North America E-911 emergency localisation requirements mean that a 95% coverage figure is needed [3].

3.3 Omni simulations, suburban and rural, high power

The suburban cases were very close to the urban ones. They are therefore not discussed further in this contribution. The rural cases are more different though.
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Figure 4: Coverage curves for the 6 best neighbour detections, varying IPDL attenuation, rural high power case.

No significant improvements are obtained by going beyond 25 dB IPDL attenuation. It can be noted that the rural omni case is somewhat better than the corresponding urban case. This effect is believed to result from the lower path loss in the urban case in connection with the high interference level. 

3.4 Omni simulations, suburban and rural, low power

[image: image14.emf]-35 -30 -25 -20 -15 -10 -5 0

0

10

20

30

40

50

60

70

80

90

100

Ec/N0 [dB]

Coverage [%]

IPDLAttenuation -35 dB.   6 best detections.

[image: image15.emf]-35 -30 -25 -20 -15 -10 -5 0

0

10

20

30

40

50

60

70

80

90

100

Ec/N0 [dB]

Coverage [%]

IPDLAttenuation -25 dB.   6 best detections.


Figure 5: Coverage curves for the 6 best neighbour detections, varying IPDL attenuation, rural low power case.

Due to the reduced interference level as compared to the high power case in section 3.3, the urban case (the best neighbour) is again better than the rural low power case (the best neighbour).

3.5 Three sector simulations, urban, high power

In the coming sections the simulation results obtained for omni antennas are repeated for three sector antennas. 
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Figure 6: Coverage curves for the 6 best neighbour detections, varying IPDL attenuation, urban high power case.

Again, it can be seen that the improvements are relatively minor for IPDL attenuations above 25 dB. Note that the three sector figures seem to be very similar to the omni figures.

3.6 Three sector simulations, urban, low power
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Figure 7: Coverage curves for the 6 best neighbour detections, varying IPDL attenuation, urban low power case.

Also for low power, only small improvements are obtained beyond 25 dB IPDL attenuation. The intention with figure 7 is to compare with the corresponding plots of Figure 6, so that a realistic load situation is used when the necessary level of IPDL attenuation is assessed. At the 90% coverage level the low power curves are about 7 dB better in Ec/N0 than the high power curves at 25 dB IPDL attenuation.  At 25 dB IPDL attenuation and low power almost 3 neighbours can be heard assuming a –20 dB Ec/N0 measurement capability. At high power only 1 neighbour can be heard. Assuming a –25 dB Ec/N0 measurement capability the corresponding figures are 5 at low power and 2 at high power. This is similar to the omni antenna case treated in section 3.2.

3.7 Three sector simulations, suburban and rural, high power

Also in the three sector case the suburban results were almost identical to the urban ones. Therefore, only rural graphs are presented below.
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Figure 8: Coverage curves for the 6 best neighbour detections, varying IPDL attenuation, rural high power case.

No significant improvements are obtained by going beyond 25 dB IPDL attenuation. It can be noted that the rural case is relatively close to the corresponding urban case.

3.8 Three sector simulations, suburban and rural, low power
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Figure 9: Coverage curves for the 6 best neighbour detections, varying IPDL attenuation, rural low power case

Due to the reduced interference level as compared to the high power case, the urban low power case (section 3.6, the best neighbour) is again slightly better than the rural low power case (the best neighbour) .

3.9 Own cell jammers, three sector simulations, high power

As an example of the effects of jammers, an adjacent (5 MHz separation) jammer transmitting with the same power as the sites of the own network was placed in the own cell. The Node B transmit filter attenuation was 45dB while UE receive filter attenuation was 33 dB. The effect of the jammer can be seen in the SIR plot of Figure 10, where log normal fading effects are removed for clarity. Corresponding coverage plots are shown in Figure 11, comparing the situation with and without a jammer.
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Figure 10: The effect of a jammer in the own cell (an additional hole in Ec/N0). This figure also illustrates the general methodology of the simulations.
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Figure 11: Coverage results without (left) and with (right) a jammer in the own cell. Urban high power case with three sector antenna.

It can be seen from the plots that the effect is relatively small, about 2-3 % coverage is lost at –20 dB Ec/N0. Note that the effect may become noticeable in cases where there are multiple jammers in the own cell. The results for co-sited jammers are similar and are not reproduced here.

4 Conclusion

This contribution has disclosed simulation results that complements previously presented results on the minimum IPDL attenuation required to achieve a successful operation of the OTDOA-IPDL UE positioning method. More precisely, the contribution has repeated and confirmed the omni antenna simulations of [2] and presented additional results for three sector antennas and rural environments. 

The simulations indicated that there is only a small additional gain when increasing the IPDL attenuation above 25 dB. This is very similar to the corresponding contribution [2], where a figure of 20 dB was indicated. In fact, the differences between 20 dB and 25 dB IPDL attenuation are small. However, there are some facts that may indicate a need for a slightly higher attenuation than 20 dB and these facts should at least be discussed. Firstly, the simulation results of the present contribution may be interpreted in a way that support the statement that the level were IPDL attenuation effects saturate may be closer to 25 dB than 20 dB. Secondly, extreme rural scenarios may mean additional thermal noise effects, in which case additional margins may be beneficial.

Another important aspect that has been noticed in the simulations is the impact of the requirement on minimum CPICH Ec/N0 level, where the UE measurement of SFN-SFN type 2 shall be possible (90%). For example for the omni high power scenario, using an IPDL attentuation of 20 dB at CPICH Ec/No –20 dB results in a situation where around 65% of the UEs can detect at least 2 neighbour sites. However, at a CPICH Ec/No measurement capability of –25 dB almost 90% of the UEs can detect at least 2 neighbours. Note that two neighbour sites together with the own site is the minimum number required for OTDOA-IPDL positioning. Note also that these observations seem to be similar to those of [2].

Within 3GPP there are, as far as we know, no high level requirements on neither positioning accuracy nor availability (coverage) of the positioning method. However, in [3] requirements for positioning of emergency calls in the US are specified. There are requirements that 67% of the mobiles shall be possible to locate to within 100 metres and 95% of the mobiles to within 150 metres.

It therefore seems that the Ec/N0 capability requirement is at least equally important as the IPDL attenuation, and it is suggested that the former requirement is studied further, to investigate if the present requirement on UE Ec/N0 measurement capability (-20 dB) is sufficient from a positioning point of view. However, it should be noted that it may not be straightforward to achieve a -25 dB Ec/N0 measurement capability in practice, a fact that should also be considered
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Annex A: Simulation assumptions

Quantity
Value

Cell layout
omni or 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 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 omni (incl. Losses)
11 dBi

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

Orthogonality
0.4

Path loss (rural)
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