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The following updates to TR25.894, Enhanced OTDOA Positioning using Software Blanking, are proposed based on Tdocs R1-021206 RAN1, amended using the modified simulation parameters as requested at RAN1#28bis.

The “provisional text” in section 7.4 is replaced with the text in this document.

Annex A.2 is completed as per the included text.

7.4 Location Accuracy

This section presents comparative analysis of UE Positioning accuracy for five OTDOA based methods: OTDOA, IPDL, IPDL with partial blanking, OTDOA-SB network based and OTDOA-SB UE-based. It does so using computer simulations, supported by corroborating results from limited scale field tests of network-based OTDOA-SB, for Suburban and Rural environments.

7.4.1
Summary

The results obtained are summarised as follows: (details in Annex A.2)

	
	OTDOA
	IPDL
	A-IPDL
	UE-SB
	NW- SB simulations
	NW-SB field

	67%
	40m
	15m
	27m
	15m
	14m
	28.6m

	50m percentage
	67%
	88%
	83%
	83%
	92%
	

	150m percentage
	68%
	90%
	85%
	86%
	95%
	

	95%
	F
	F
	F
	F
	94m
	57.6m


Table 1 - Summary of Rural results

	
	OTDOA
	IPDL
	A-IPDL
	UE-SB
	NW- SB simulations
	NW-SB field

	67%
	F
	13m
	14m
	18m
	14m
	54.2m

	50m percentage
	60%
	83%
	78%
	78%
	93%
	

	150m percentage
	61%
	85%
	81%
	80%
	96%
	

	95%
	F
	F
	F
	F
	102m
	81.1m


Table 2 - Summary of Suburban results (4000m site spacing)

The results of the field trial at the 67% level were impacted by the fact that 3 and only 3 Node Bs were used. The results of the simulations at the 95% level are impacted by the behaviour of the radio path models, which are not optimised for path delay modelling with the precision and characteristics required for UE positioning. The simulation results exclude errors caused by network effects such as measurement synchronisation errors at the Node Bs – depending on the implementation these are likely to add around 10m of error, for all methods.

The results clearly show the superior performance of Network-based OTDOA-SB compared with the other OTD methods. In particular the significantly improved hearability of SB brought about by the ability to blank multiple Node B signals yields much better performance in environments where conventional OTDOA and IPDL methods are poorest. The results presented are not combined with Enhanced Cell-ID information. They are based on a single measurement at each point (although IPDL integrates over 5 idle periods).

In combination with Enhanced Cell-ID, Network-based SB provides the best OTD solution for meeting the requirements of FCC E-911 Phase II requirements. Based on the distribution of emergency calls (75% Suburban, 15% rural and 10% Urban) it is reasonable to expect that OTDOA-SB is likely to achieve an accuracy of around 30m at the 67% level and better than 150m at the 95% level, in real implementations and allowing for all system errors. There is scope to improve the performance through better SB algorithms without any changes to the UE.

Preliminary results indicate that Network-based SB yields significant improvement over other methods in Urban environments too.

7.4.2
Simulation Parameters

	Simulation Parameters
	

	Cell site distribution
	Regular hexagonal

	Cell separation
	4000m for Suburban, 10km for Rural

	Sectorisation
	3 sectors, 120(

	Antenna gain

	16dB, 105(

	Antenna orientation
	Same for corresponding sectors 

	Node B antenna height
	30 m

	UE antenna height
	1.5 m

	Radio path loss model
	T1P1.5

	Downlink power
	+43dB to the antenna coupler (static).

	CPICH power
	10% of Node B transmit power

	Traffic
	Static network loading, heavy

	UE Mobility
	Stationary, Walking

	Receiver noise figure
	9dB

	OTDOA integration time
	50 CPICH symbol

	IPDL and Partial-IPDL Integration time
	5 periods each of 10 CPICH symbols

	UE-SB integration time
	1 period of 10 CPICH symbols

	Network-SB integration time
	2 CPICH symbols

	IPDL attenuation
	20dB in the attenuated IPDL mode.


Table 3 - Simulation Parameters

Details of the specific parameters used for each method and the simulation software model can be found in Annex A.2.

7.4.3 Summary Simulation Results

Results comparing the performance of the five approaches for different environments are presented in Annex A.2. The accuracy curves for the Suburban environment are reproduced here for reference (Figure 1).  From this graph it is clear that:

· Network-based Software Blanking yields the best performance and is the only method that is able to provide 95% coverage.

· The two IPDL variants and UE-based Software Blanking yield similar performance. IPDL outperforms OTDOA significantly, but falls short of SB in terms of coverage.

· OTDOA is the weakest performer.

The results presented in Annex A.2 also include:

· OTDOA-SB implemented with varying quantisation, showing that 3 to 6 bits represents a sensible parameter range.

· Comparisons with the Hearability analysis detailed in Annex A.1, showing that this detailed link-level model yields similar results to the macro model used for the Hearability analysis.

· Failure mechanisms which include scatter charts showing areas where accuracy is lowest.
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Figure 1 - Comparative Accuracy, Suburban Environment (4000m spacing)

7.4.4 Field Test Results

Two limited-scale field trials were conducted on a real UMTS network in Europe. The principal aim was to demonstrate the effectiveness of CVB in mitigating the hearability problem.

The test area consists of two distinct types of environment which could be described as rural and suburban. The former consisting mainly of farmland while the latter is a small town with relatively narrow streets and typically 2 storey houses on either side of the street. A total of 25 test points was used and five measurements were made at each.

The signals measured in the two areas are significantly different and therefore the results are presented separately in Table 4 below.

	Area
	67%
	95%

	Rural
	28.6m
	57.6m

	Suburban
	54.2m
	81.1m


Table 4 - Field Trial Results

Annex A.2 provides details of the test and measurement set-up and the layout of the test area with Node B and test point locations. More detailed analysis of the results and the measurement errors is also provided.

7.4.5 Conclusions

The detailed results presented have shown that:

· Network-based SB yields superior performance to OTDOA and IPDL, and it is the only OTD method that can yield 95% coverage without recourse to fall-back methods like Enhanced Cell-ID;

· The parameter ranges (quantisation and “snapshot” duration) proposed in Section 5 have been verified;

· The results obtained with the “macro” model Hearability simulations [Annex A.1] have been shown to be in agreement with the results using the detailed simulation model;

· The field test results are encouragingly similar to the simulation results;

· The “failure mode” of OTDOA-SB has been shown to be weighted towards the centre of the cell. This means that in Suburban and Rural environments OTDOA-SB can legitimately fall-back, retaining good accuracy, to Enhanced Cell-ID in the event of a positioning failure. This is not true for IPDL which tends to fail near the cell periphery.

In combination with Enhanced Cell-ID, OTDOA-SB provides the best OTD solution for meeting the requirements of FCC E-911 requirements. Based on the distribution of emergency calls (75% Suburban, 15% rural and 10% Urban) it is reasonable to expect that OTDOA-SB is likely to achieve an accuracy of around 30m at the 67% level and better than 150m at the 95% level, in real implementations and allowing for all system errors.

A.2
Positioning Accuracy Simulations

A.2.1
Methodology

The results presented in this Annex use detailed models of the network, environment, radio link and algorithms including “real” implementation of an OTDOA locator. All methods use the same common parameters as far as possible and the measurements are fed into the same Position Calculation Function (locator). Differences between methods are, therefore, primarily as a result of differences in the techniques and accuracy of the measurements made. The methods used in this paper contrast with the “macro” approach used in the Hearability simulations, [Annex A.1].

A.2.1.1
Simulation Parameters

	Simulation Parameters
	

	Cell site distribution
	Regular hexagonal

	Cell separation
	4000m for Suburban, 10km for Rural

	Sectorisation
	3 sectors, 120(

	Antenna gain

	16dB, 105(

	Antenna orientation
	Same for corresponding sectors 

	Node B antenna height
	30 m

	UE antenna height
	1.5 m

	Radio path loss model
	T1P1.5

	Downlink power
	+43dB to the antenna coupler (static).

	CPICH power
	10% of Node B transmit power

	Traffic
	Static network loading, heavy

	UE Mobility
	Stationary, Walking

	Receiver noise figure
	9dB

	OTDOA integration time
	50 CPICH symbol

	IPDL and Partial-IPDL Integration time
	5 periods each of 10 CPICH symbols

	UE-SB integration time
	1 period of 10 CPICH symbols

	Network-SB integration time
	2 CPICH symbols

	IPDL attenuation
	20dB in the attenuated IPDL mode.


Table 24 - Simulation Parameters

A.2.1.2
Simulation Methodology

All UE processing is simulated at a sampling rate of 2 samples per chip (7.68Ms/s). Network pseudo-synchronisation of LMUs is not explicitly modelled.
  This is because the UE measurement errors typically dominate and Network pseudo-synchronisation errors are of secondary importance. 

The identical time offset estimation algorithm is used for all methods. Whereas the simulated UE processing for the OTDOA and IPDL methods involves correlation with CPICH for time offset estimation, UE processing for the SB methods only involves capturing a “snapshot” of the received downlink signal. The Software Blanking pre-processor correlates the UE “snapshot” with the Node B “snapshots” to derive time offset estimates.

 The time offsets calculated by all methods are applied to same PCF (Position Calculation Function).

A.2.1.2.1
OTDOA

· The UE integrates over 50 CPICH symbols.

· The Channel is modelled as stationary over the integration period.

· A perfect receiver frequency reference is assumed – i.e. no frequency offset / variation is modelled.

· It is assumed that the receiver has sufficient processing resources to try all neighbouring Node B scrambling codes.

· A full complement of assistance information is simulated for use in delay measurements by the UE.

A.2.1.2.2
IPDL

· Infinite attenuation is applied to all signals at a site during the idle period.

· The Idle period duration is 10 CPICH symbols.

· The UE non-coherently combines results from 5 idle periods for all Node Bs processed.

· All neighbouring Node Bs are measured during the idle period of the strongest site.

· The strongest site is measured during the idle period of the 2nd strongest site.

· The channel is assumed to be stationary for the duration of one idle period but is recalculated for successive idle periods assuming a 10Hz idle period repetition rate and pedestrian motion.

· A full complement of assistance information is provided for use in the delay measurements.

A.2.1.2.3
Attenuated IPDL

· Same as for IPDL except that 20 dB attenuation is applied during the Idle period.

A.2.1.2.4
Network-based SB

· The UE snapshot duration is 2 CPICH symbols.

· 6 bit resolution is used for both UE and Node B snapshots.

· The Software Blanking algorithm dynamically determines how many cancellation cycles to perform.

A.2.1.2.5
UE-based SB

· The UE snapshot duration is 10 CPICH symbols.

· Assistance snapshots are provided for up to a maximum of three Node Bs, subject to Ec/I0 limit of >= -20dB.

· The remaining delays are estimated using CPICH.

A.2.1.3
Simulator Structure

A diagram showing the structure of the simulator is presented in Figure 46 below. 

[image: image9.wmf]Network

Model

Pathloss

Models

NB

Signal

Generation

Multipath

Models

PCF

CVB Pre-

processing

NB tx 

signals

pathloss

values

channel

profiles

UE rx signal 

samples

NB 

snapshots

UE rx signal 

samples

(quantized)

NB coords,

scrambling codes 

etc.

delay & quality

estimates

delay & quality

estimates

estimated

position

UE-CVB

Channel

Simulation

CVB

Channel

Simulation

P-IPDL

Channel

Simulation

IPDL

Channel

Simulation

OTDOA

Channel

Simulation

UE-CVB

UE

Processing

CVB

UE

Processing

P-IPDL

UE

Processing

IPDL

UE

Processing

OTDOA

UE

Processing

 


Figure 2 – Structure of the Simulator

A.2.2
Simulation Results

Results comparing the performance of the five approaches are presented for Rural and Suburban environments. Simulations for Urban environments are also being conducted and will be presented once they have been properly verified. The effect on the performance of OTDOA-SB of using different measurement parameters is also considered and compared with the results presented in [Annex A.1] as a means for corroborating the two approaches.

A.2.2.1
Rural Environment

Figure 47 below presents comparative accuracy distribution curves for the five method variants for the Rural environment, based on simulations of 320 uniformly distributed test points.

The following observations can be made:

· Network-based Software Blanking yields the best performance and is the only method that is able to provide 95% coverage.

· The two IPDL variants and UE-based Software Blanking yield very similar performance.

· Network-based Software Blanking achieved an average of 4.5 signal cancellations. 
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Figure 47 - Comparative Accuracy, Rural environment

A.2.2.2
Suburban Environment

Figure 48 below presents comparative accuracy distribution curves for the five method variants for the Suburban environment, based on simulations of 320 uniformly distributed test points.

The following observations can be made:

· Network-based Software Blanking yields the best performance and is the only method that is able to provide 95% coverage.

· The two IPDL variants yield similar performance and are marginally better than UE-based SB.

Detailed simulations of IPDL show that the performance of Attenuated IPDL using 45dB idle period attenuation is indistinguishable for ideal IPDL.

Detailed simulations of IPDL have shown that the performance using 25dB attenuation is almost precisely half way between that for 20dB and ideal IPDL, as presented in this report.

· OTDOA is the weakest performer.
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Figure 48 - Comparative Accuracy, Suburban environment (4000m)

A.2.2.3
OTDOA-SB with varying sample quantisation

The proposed configuration for OTDOA-SB allows for varying sample quantisation in the range of 3 to 6 bits per sample. The figure below presents the performance of OTDOA-SB in a Suburban environment for sample quantisations of 2 to 6 bits. (500 sample points were used)

The following observations can be made:

· 3-bit quantisation is the minimum recommended

· In the Suburban (also true for Rural) environment where hearability becomes a key issue improvement gains can be realised by using a higher resolution measurement than 4-bits.

Thus it can be concluded that quantisations in the range of 3 to 6 bits represents a sensible parameter range.
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Figure 49 - Comparative Accuracy, Suburban, OTDOA-SB with various quantisation

A.2.3
Hearability Comparison

A.2.3.1
Comparison with Hearability Models

A set of hearability curves has been generated from the Suburban results and presented in Figure 50 below. Compare these with similar results (reproduced in Figure 51) obtained using the simpler Hearability models [Annex A.1]. As can be seen the two simulation approaches yield similar results. Network-based Software Blanking has performed a little better using the detailed simulation, mainly due to the fact that an average of 4.5 signal blanking cycles was achieved compared with the conservative assumption of 3 blanking cycles used in the Hearability model.
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Figure 50 - Hearability curves from position accuracy simulation model

[image: image6.png]CDF (%)

Basic OTDOA
Attenuated IPDL
OTDOA using IPDL
UE-based SB
Network-based SB

3 4 6 8
Number of hearable sites

10 12

14




Figure 51 - Hearability curves from Hearability simulation model

A.2.3.2
Failure Mode

A comparison of the failure mode for OTDOA-SB in the Suburban environment using scatter charts as in [Annex A.1], once again shows that the different simulation methodologies provide comparable results.

Figure 52 is a scatter chart in which each simulated point is indicated on the network diagram using a coloured dot (or cross) representing the position error for that measurement. The colour bar on the right indicates the logarithm of the position error. Thus 1 (dark red) represents 10m, 2 (green) represents 100m and 3 (dark blue) represents 1000m. “Plusses” indicate errors greater than 150m. As can be seen the worst performance is centre-weighted, and the best performance occurs away from the cell centre. Compare this to the scatter chart in Figure 53 in which the colours of the dots indicate the number of Node Bs that are hearable (taken from [Annex A.1]).
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Figure 52 - Scatter chart for Network-based SB, Suburban
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Figure 53 - Hearability scatter chart from [2]

� The antenna modelled is a real world antenna typical of those deployed in cellular networks. 


� The antenna modelled is a real world antenna typical of those deployed in cellular networks. 


� Either relative time offset measurement from off-air signals or absolute time offset using GPS may typically be used in practise. These errors are implementation dependent, but may result in position errors of the order or 10m.





