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The following updates to TR25.894, Enhanced OTDOA Positioning using Software Blanking, are proposed based on Tdocs R1-021205 and R1-02-1291 submitted to RAN1.

The “provisional text” in section 7.3 is replaced with the text in this document.

Annex A.1 is completed as per the included text.

Annex A.4 is completed as per the included text.

7.3
Hearability analysis

7.3.1 Summary

Hearability is a key factor influencing the positioning performance that may be achieved. An overview of the simulation results for OTDOA (Observed Time Difference of Arrival), IPDL with both limited attenuation and total blanking and OTDOA-SB in both Network-based and UE-based variants, specifically with respect to the number of cells that can be detected and potentially used for a position calculation are presented. These five method variants (they are all Observed Time Difference methods) are directly compared under the same simulation conditions. Detailed methodology and results can be found in Appendix A.1.

They key findings are summarised as follows:

· OTDOA-SB (Network based) clearly provides the best all-round performance of the five variants compared. Even though it uses the shortest integration time it provides better hearability in almost all configurations. It yields a median hearability of 8 sites compared to 4 for the other four variants in the baseline reference model.

· Network-based OTDOA-SB is the only one of the five methods compared that is likely to meet the 95% performance requirement of FCC E-911.

· UE-based OTDOA-SB provides comparable performance to IPDL.

· Both OTDOA-SB methods avoid the impact and potential drawbacks of introducing idle periods on the downlink as required for IPDL.

· Hearability is a serious problem for OTDOA and approximately 25% of measurements fail due to insufficient hearable sites, even with very long, 50 CPICH symbols, integration times. 

· IPDL addresses the hearability problem. However, using a 10 symbol idle period (integration time) and a 13dB detection threshold IPDL still leaves ~6% of measurements failing due to insufficient hearable sites.

· Attenuated IP-DL using 20dB attenuation of the idle period rather than complete blanking, 10 symbol idle period and 13dB detection threshold results in ~12% failure rate due to insufficient hearable sites. 

· OTDOA-SB exhibits a graceful failure mode with failures occurring near the cell centre. In these cases Enhanced CellID provides a valid and accurate fallback method. IPDL on the other hand fails near the cell periphery in which cases Enhanced CellID is a very poor fallback method.

The UE implementations for OTDOA, IPDL and UE-based OTDOA-SB will need to balance the Detection Threshold achievable against the integration time. Better Detection Thresholds can be achieved with more accurate assistance data supplied by the network. The use of high quality assistance data sent to the UE will be essential in these methods.

In contrast OTDOA-SB with network based SB requires minimum complexity and signal processing in the UE and no assistance data sent to the UE. It leverages the power available in the SMLC to provide better future proofing against algorithm enhancements and decouples the UE implementation from a specific location algorithm. It is the most flexible method.

	Parameter
	Value

	Cell site distribution
	Regular hexagonal

	Transmitter separation
	4000m, Suburban environment

	Sectorisation
	3 sectors, 120(

	Antenna gain
	16dB

	Antenna orientation
	Same for all corresponding sectors

	Node B antenna height
	20m

	UE antenna height
	1.5m

	Radio path loss model
	Hata

	Downlink power
	+43dBm to the antenna coupler (static)

	CPICH power
	10% of Node B transmit power

	Traffic
	Static network loading

	UE Mobility
	Stationary

	Receiver noise figure
	9dB

	OTDOA Detection threshold

	13dB

	Network-based SB Detection threshold
	11dB

	UE-based SB Detection threshold
	13dB

	OTDOA integration time
	50 CPICH symbols

	IP-DL integration time
	10 CPICH symbols

	Network-based SB integration time
	2 CPICH symbols

	UE-based SB integration time
	10 CPICH symbols

	IPDL attenuation
	20dB for attenuated mode IPDL


Table 1 - Hearability simulation parameters

	Parameter
	Assumption

	Snapshot length
	512 chips, 2 CPICH symbols

	Snapshot sample rate
	2 x chip rate

	Node B snapshot quantisation
	4 bits per sample, I & Q

	UE snapshot quantisation
	4 bits per sample, I & Q

	UE snapshot size
	1 kB

	Maximum blanking iterations
	3

	Attenuation factors
	15dB, 10dB, 5dB respectively


Table 2 – SB implemented in the Network

	Parameter
	Assumption

	Snapshot length
	2560 chips, 10 CPICH symbols

	Snapshot sample rate
	2 x chip rate

	Node B snapshot quantisation
	4 bits per sample, I & Q

	UE snapshot quantisation
	8 bit or greater, I & Q

	Total Node B snapshot size
	5 kB

	Maximum blanking iterations
	3

	Attenuation factor for strongest
	20 dB

	Attenuation for second strongest
	< 12dB | 0dB >


	Attenuation for third strongest
	< 5dB | 0dB >


	Assistance threshold for request mode
	20dB


	Assistance request level
	4



Table 3 - SB implemented in the UE

Table 1 shows the common simulation parameters. Table 2 and Table 3 show the simulation assumptions that are specific to the Software Blanking algorithms.

7.3.2 Coverage Achieved

It can be clearly seen that these assumptions yield good performance, with the Network-based SB solution yielding significantly better performance than OTDOA or IPDL
. UE-based SB yields a similar performance to IPDL, but without the drawback of physically inserting idle periods in the downlink transmission.

Simulations for other environments and network configurations have also been performed and they show similar comparative performance between the different methods. These results are presented in Annex A.1.

Simulations of different snapshot lengths show that halving the duration to 256 chips reduces Network-based SB performance to a level comparable with IPDL. Doubling the snapshot duration to 1024 chips gives it a big performance margin. The performance of IPDL integrated non-coherently over 3 to 5 idle periods still falls short of the performance of SB at the 95% level.

Simulations of different sample resolutions show that by constraining the snapshot size to be constant and using different combinations of duration and sample resolution yields similar performance. Different configurations tend to be more suitable for different RF environments, but overall provide similar performance.
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Figure 1 - Comparison of Hearability distributions for OTDOA based methods, suburban

7.3.3 Failure Modes

All of the OTDOA based methods require a minimum of three geographically dispersed transmitter sites to be received by the UE in order to compute its position. In real networks there are occasions when sufficient sites can’t be received, and in this case it is impossible to determine the position of the UE.

Analysis of the failures modes and circumstances under which the different methods fail to receive and measure signals from a minimum of three sites is presented in detail in Annex A.1. Summarising these results the following key points can be observed:

· IPDL has a tendency to fail towards the periphery of the cell, in areas where signal strengths from two or more transmitters are similar. This is logical since only one signal at a time can be blanked using IPDL, and when the signals are similar strengths, blanking one does not improve the S/N ratio for signals beyond the two strongest ones.

· Software Blanking has a tendency to fail towards the centre of the cell, closest to the transmitter site. Once again this is logical since it can only offer a limited amount of attenuation. However, since SB can blank multiple signals it performs very well away from the transmitter site.

In order to meet high performance standards it will be necessary to provide mechanisms for handling failure situations when insufficient sites can be received. Enhanced Cell-ID is a logical fall-back mechanism. It is also an excellent fall-back method for SB, since failures tend to occur close to the transmitter site so Enhanced Cell-ID yields a fairly accurate solution. However, in the case of IPDL, with failures near the cell periphery, Enhanced Cell-ID is a poor solution and does not provide a very good fall-back mechanism.

The failure modes for Network-based SB and IPDL are reproduced in Figure 2 and Figure 3 below for completeness.
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Figure 2 - Failure distribution for Network-based SB
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Figure 3 - Failure distribution for IPDL

7.3.4 Summary of Hearability Results

The main results illustrated by the Hearability analysis are:

· OTDOA-SB (Network based) is significantly superior to IPDL for hearing more than 3 sites. Nearly 50% of measurements can hear 8 or more Node Bs, whereas 50% of IPDL measurements can hear fewer than 5 Node Bs. The number of hearable sites has a significant impact on positioning accuracy and robustness.

· The hearability performance of UE-based OTDOA-SB is similar to that achieved by IPDL.

· OTDOA-SB (both network and UE based) has a much better failure mode than IPDL. IPDL positioning failures tend to occur around the periphery of the cell where fall-back to ECID is a poor solution. OTDOA-SB positioning failures tend to occur near the cell centre where fall-back to ECID provides an excellent alternative method.

A.1

Hearability Analysis

A.1.1

Summary

This Annex presents detailed simulation results for OTDOA (Observed Time Difference of Arrival), IPDL with both limited attenuation and total blanking and OTDOA-SB in both Network-based and UE-based variants, specifically with respect to the number of cells that can be detected and potentially used for a position calculation. These five method variants (they are all Observed Time Difference methods) are directly compared under the same simulation conditions.

A.1.2

Methodology

A.1.2.1
Basis of Simulations

The simulations used for the analysis presented in this paper are based on a cellular network model as defined in 3GPP TSG RAN. The model consists of a number of cell sites which can be distributed in a chosen fashion. Each cell site is modelled with a number of sectors each of which is assigned a transmit power level, antenna type, antenna azimuth and vertical tilt. 

	Simulation Parameters
	

	Cell site distribution
	Regular hexagonal

	Transmitter separation
	4000m, Suburban environment.

	Sectorisation
	3 sectors, 120(

	Antenna gain

	16dB, 105(

	Antenna orientation
	Same for corresponding sectors 

	Node B antenna height
	20 m

	UE antenna height
	1.5 m

	Radio path loss model
	Hata

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

	CPICH power
	10% of Node B transmit power

	Traffic
	Static network loading

	UE Mobility
	Stationary

	Receiver noise figure
	9dB

	OTDOA, IPDL and UE-SB Detection threshold
	13dB

	Network-SB Detection threshold
	11dB

	OTDOA integration time
	50 CPICH symbol

	IPDL & UE-SB Integration time
	10 CPICH symbols

	Network-SB integration time
	2 CPICH symbols

	IPDL attenuation
	20dB in the attenuated IPDL mode.


Table 4 – Reference Simulation Parameters

The hearability simulations and analyses consist of static simulations at a regular grid of 3120 points evenly distributed across one cell in the network. The likely signal level received by a UE at a chosen location from every sector in the network is calculated. This calculation takes into account:

· transmitted power level;

· antenna gain; 

· antenna coupling factors; 

· subscriber body loss; and 

· the path loss between transmit and receive antennas. 

The path loss is calculated using the modified Hata model. This model takes into account the separation of the Node B and UE, the relative heights of the Node B and UE and the terrain type.

Figure 4 shows the layout of the simulated network. In the figure each of the 3120 positions distributed across the cell is shown as a coloured dot.
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Figure 4 - Simulated Network Layout

A.1.2.4
Hearability Analysis

A.1.2.4.1
OTDOA

For these simulations we assume that the UE integration time is an integer number of CPICH symbols each 256 chips. Hearability is measured using the integrated C/(N+I) (Carrier to Noise+Interference ratio). This is calculated as follows:
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where Ec is the useful signal energy per chip received from the jth sector of the ith site, RxLevij is the total received power per chip period and ( is the ratio of CPICH power to the total Node B signal power.

The interference is given by:
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where Nr is the receiver noise power (assuming thermal noise in a 5 MHz bandwidth with a receiver noise figure of 9dB).
The integrated C/(N+I) is calculated as:
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SF is the spreading factor for CPICH (256) and T the number of symbols over which the signal is integrated. Eb is the energy per bit for CPICH.

Finally, the integrated C/(N+I) is compared with the minimum value required to obtain a reliable timing measurement. 

A.1.2.4.2
IPDL with total blanking

The hearability analysis for IPDL models the benefit of the down link idle periods in UMTS. The present simulations assume no time alignment between the idle periods of different Node Bs. Instead, having computed the likely received levels from each sector of each site, the simulation identifies that site which if blanked would yield the most favourable reception conditions for signals from all other sites. (In other words the simulation assumes that the IPDL equipped UE always succeeds in synchronising its measurement window with the idle period of the site with the greatest received energy at the UE). 

The hearability analysis then removes the energy contributed from all sectors at that site and calculates the C/(N+I)  for all other sectors to determine which of those sectors can be heard with sufficiently high C/(N+I).    

For these simulations we assume that the UE integration time is an integer number of CPICH symbols each 256 chips duration, and that the idle period is at least as long as the integration time, or that the UE is able to integrate coherently over a number of idle periods with a total period equal to the integration time. 

Hearability is measured using the integrated C/(N+I). For OTDOA using IPDL this is calculated as follows:

We assume that site k is the strongest and is therefore blanked while determining hearability for all other sites. As before the useful signal from the jth sector of the ith site, Ec is the useful energy per chip where ( is the proportion of the signal power in CPICH:
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The interference is given by:
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The integrated C/(N+I) is calculated as:
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Finally, the integrated C/(N+I) is compared with the minimum value required to obtain a reliable timing measurement. 

It is assumed that the site with the strongest signal is always successfully blanked and that idle period collisions between sites occur sufficiently infrequently that they are ignored. In this respect the simulation is marginally optimistic.

A.1.2.4.3
IPDL with partial blanking

The analysis is the same as that for IPDL with complete blanking except that the strongest site has its interference energy attenuated rather than removed completely. 

Hearability is measured using the integrated C/(N+I). This is calculated as follows:

We assume that site k is the strongest and is therefore blanked while determining hearability for all other sites. As before, the useful signal from the jth sector of the ith site, Ec is the useful energy per chip where ( is the proportion of the signal power in CPICH:
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The interference is given by:
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where ( is the attenuation factor of the site that is blanked.

The integrated C/(N+I) is calculated as:
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Finally, the integrated C/(N+I) is compared with the minimum value required to obtain a reliable timing measurement. 

It is assumed that the site with the strongest signal is always successfully blanked and that idle period collisions between sites occur sufficiently infrequently that they are ignored. In this respect the simulation is marginally optimistic.

A.1.2.4.4
OTDOA-SB, Network-based blanking

OTDOA-SB deals with the hearability problem by applying a method of interference cancellation, in turn virtually blanking the strongest B signals. The virtual blanking of course does not achieve a complete cancellation, rather an attenuation factor. We have performed extensive simulations as well as practical laboratory measurements and field tests using UMTS Node B simulators and multi-path fading simulators to establish the range of attenuation factors achievable in practice. On the basis of these results, the simulations presented here use conservative assumptions regarding the performance of the software blanking algorithm.

Note also that, unlike the IPDL simulations, the hearability analysis for OTDOA-SB includes the quantisation noise which results from quantising the “snapshots” sent to the SMLC in order to minimise the size of each “snapshot” packet. This is modelled because SB is likely to use a smaller number of bits, to reduce the message sizes, than conventional OTDOA processing in the UE.

Once again the measure used to determine hearability is the integrated C/(N+I). In this case we need to model the effect of the virtual blanking. We first sort all the received signals in decreasing order of strength and denote them simply as Rk rather than Rij as before. We then calculate the integrated carrier to interference ratio for each signal in turn as follows:
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where the term 
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represents the accumulated virtual blanking of the strongest signals when processing the kth strongest signal, Nq is the quantisation noise power, assumed to be uniformly distributed, and B is the maximum number of blanking iterations performed.

Note that when processing the first signal (k=1) no blanking is assumed. When processing the next (k=2) only the first is blanked and so on until the maximum number of blanking cycles p=B is reached.
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The calculated C/(N+I) for each signal is once again compared with the integrated C/(N+I) threshold to determine hearability.

The specific assumptions used in the model are given in Table 5 below.

	Specific Assumptions
	

	UE “snapshot” length
	512 chips, T=2 (two CPICH symbols)

	UE “snapshot” sample rate
	2 x chip rate

	UE “snapshot” quantization
	4 bits per sample

	Total “snapshot” size
	512 Bytes

	Max successive interference cancellations
	3

	Attenuation for each interference cancellation
	15dB, 10dB, 5dB successively



Table 5- Model Parameters for Network-based SB

A.1.2.4.5
OTDOA-SB, UE-based blanking

SB deals with the hearability problem by applying a method of interference cancellation, in turn blanking the strongest B signals. The blanking does not achieve complete cancellation, rather an attenuation factor.

The measure used to determine hearability is the integrated C/(N+I), carrier to noise + interference ratio. OTDOA-SB applies the blanking algorithms to the strongest few signals The algorithm first sorts the received Node B signals at the UE into decreasing order of strength. These are simply denoted as Rk. The calculated integrated carrier to interference ratio is calculated as follows:
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where the term 
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represents the accumulated blanking of the strongest B signals by attenuation factors (p. The parameter min<m-1|B> indicates that when the strongest signal is being measured no blanking is assumed; when the second strongest is being processed only the strongest is blanked and so on until the maximum number of blankings, B, is reached.

The terms Nr and Nq represent noise introduced by the receiver and quantisation respectively.

The above algorithm is the same for all variants of UE-based SB, only the parameters used change depending on the method of obtaining assistance data and the conditions under which it is used.

The specific assumptions used are given in the table below:

	Parameter
	Assumption

	Snapshot length
	2560 chips, 10 CPICH symbols

	Snapshot sample rate
	2 x chip rate

	Node B snapshot quantisation
	4 bits per sample

	UE snapshot quantisation
	8 bit or greater

	Total Node B snapshot size
	5 kB

	Maximum blanking iterations
	3

	Attenuation factor for strongest
	20 dB

	Attenuation for second strongest
	< 12dB | 0dB >


	Attenuation for third strongest
	< 5dB | 0dB >


	Assistance threshold for request mode
	20dB



Table 6 - Model parameters for UE-based SB

A.1.3

Results

A.1.3.1
Results using the Baseline parameter set

The baseline parameters used are:

	Post Integration Detection Threshold
	13dB for OTDOA, IPDL and UE-based BS, 11dB for Network-based SB

	OTDOA Integration Time
	50 CPICH symbols

	IPDL, and UE-based SB Integration Time
	10 CPICH symbols

	Network-based SB Integration Time
	2 CPICH symbols

	UE-based SB assistance data
	Up to 3 Node Bs. Only used when ( 5 Node Bs are detectable using OTDOA.

	Simulation Model
	As described in section 0

	Number of simulation points
	3120 randomly drawn with uniform spatial distribution


Table 7 - Reference Parameters for Simulations

Figure 5 below presents inverse CDFs for the five methods being compared. Each point on the curves indicates the percentage of measurements that can receive and measure N or more geographically distinct Node B sites (X axis). The key relevant markers are the 50%, 67% and 95% grid lines on the Y axis, and 3 on the X axis. From this chart the following comparative data can be read:

	
	OTDOA
	IPDL
	A-IPDL
	UE-based SB
	NW-based SB

	Percentage N < 3
	30%
	6%
	15%
	16%
	5%

	N for 67%
	3-4
	3-4
	3-4
	4
	7

	N for 95%
	1-2
	2-3
	2-3
	1-2
	3

	Median N
	4
	4
	4
	4
	8


Table 8 - Comparative Hearabilities for Reference simulations

Whilst there is not a lot of difference between the failure rates (N < 3) for IPDL and NW-based SB, there are several pertinent points illustrated by these results:

· The median Hearability of NW-based SB is twice as good as IPDL (8 compared with 4). This affords it a great deal more robustness to compute the position using noisy measurement data.

· In order to meet the FCC E-911 requirement at the 95% level it will be necessary to be able to deal usefully with the “failures”. This is true for all methods.

· The performance of UE-based SB is comparable with A-IPDL, which more accurately represents the standards than the “idealised best-case” presented by IPDL.

The following figures: Figure 6, Figure 7, Figure 8, Figure 9 and Figure 10 show the distribution of hearability across the cell. The locations are coloured according to the number of hearable sites, the colour indicated on the colour bar to the side of the chart. Figure 11, Figure 12, Figure 13, Figure 14 and Figure 15 show scatter charts on which only those points where hearability was less than 3 sites are plotted.

It can be seen that for OTDOA (Figure 6, Figure 11) and Software Blanking (Figure 9, Figure 14, Figure 10, Figure 15) the failures are clustered in the centre of the cell with performance in the outer parts of the cell being best. 

However using IPDL (Figure 7, Figure 12) the best performance is achieved near the centre of the cell (most hearable sites), and failures tend towards the periphery of the cell. This is intuitive given that the effect of blanking one site’s signal is lowest when the different signals are of similar strengths. In the case of attenuated IPDL (Figure 8, Figure 13) the distribution of failures is spread right across the cell. As would be expected Attenuated IPDL is a compromise between OTDOA and standard IPDL.

These scatter plots are informative for considering how each method could deal with the failures in such a way as to meet the 95% performance requirement of FCC E-911.

An obvious fall-back method is Enhanced CellID. This yields the location of the serving cell and sector but, even using Rx-Tx timing measurements, gives a low accuracy position fix. However in the case of OTDOA and the Software Blanking approaches one knows that failures are near the cell centre. Thus by combining OTDOA-SB with Enhanced CellID near the cell centre when OTDOA-SB fails, it is possible to provide continuous high accuracy positioning coverage across the entire cell.

Enhanced CellID does not help as a fall-back method for IPDL since its failures are in the outer parts of the cell where the performance of CellID is at best low accuracy.

Thus, based on hearability analysis, the likelihood that OTDOA-SB (using CellID as a fall-back for failures near the cell centre) will meet the 95% requirement of FCC E-911 is very high. IPDL as standardised and without further enhancement is unlikely to meet the FCC E-911 requirements.
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Figure 5 - Comparative CDFs for baseline parameter simulations
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Figure 6 - Scatter Chart for OTDOA
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Figure 7 - Scatter chart for IPDL
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Figure 8 - Scatter chart for Attenuated IPDL
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Figure 9 - Scatter chart for Network-based SB
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Figure 10 - Scatter chart for UE-based SB
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Figure 11 - OTDOA scatter charts for points with hearability < 3 sites
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Figure 12 - IPDL scatter chart for points with hearability < 3 sites
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Figure 13 - Scatter chart for Attenuation IPDL for points with hearability < 3 sites
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Figure 14 - Scatter chart for Network-SB for points with hearability < 3 sites
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Figure 15 - Scatter chart for UE-based SB for points with hearability < 3 sites

A.1.3.2
Effect of varying the Integration Time

This section presents results for shorter and longer integration times as follows:

	
	OTDOA
	IPDL, UE-based SB
	Network-based SB

	Long integration time (CPICH symbols)
	100

	30

	4

	Short integration time (CPICH symbols)
	10
	5
	1

	Post Integration Detection Threshold
	13dB
	13dB
	11dB


Table 9 - Simulation parameters for different integration times

The benefit of using a longer integration time is clearly visible from Figure 16 below. In this case the failure rates (less than 3 hearable sites) were less than about 5% for all methods apart from OTDOA which was around 20%. More than 95% of IPDL and SB measurements have 4 or more sites hearable. However, the median number of hearable sites for Network-based SB is 11 compared to 7 for IPDL. 

The implication of this longer integration time for IPDL is that the UE needs to integrate its measurements over approximately 9 idle period slots, each with a period length of 10 symbols. This will drive up complexity. With the longer integration time the performance of IPDL is roughly comparable to the reference Network-based SB with an integration time of 2 CPICH symbols. Improving the performance of Network-based SB by extending the integration time is relatively easy: doubling the integration time to 4 symbols is easily manageable.

The impact of using a shorter integration time is presented in Figure 17. In this case the failure rates (less than 3 hearable sites) was more than 40% for IPDL, Attenuated IPDL, OTDOA, and UE-based SB and less than 10% for Network-based SB, which clearly provides the best performance. The use of such a short integration time is infeasible for all methods apart from Network-based SB which may provide adequate performance for some applications.
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Figure 16 - Comparative Hearability CDFs for Longer Integration time
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Figure 17 - Comparative Hearability CDFs for Shorter Integration time

A.1.3.3
Different Detection Thresholds

This section presents the results using different Post Integration Detection Thresholds.

	
	OTDOA
	IPDL, UE-based SB
	Network-based SB

	Less sensitive Detection Threshold
	16dB
	16dB
	14dB

	More sensitive Detection Threshold

	10dB
	10dB
	8dB

	Integration Time (CPICH symbols)
	50
	10
	2


Table 10 - Simulation Parameters for different Detection Thresholds

The following graphs show the effect of a more conservative implementation in Figure 18, and a more optimistic one in Figure 19.

With a reduced Detection Threshold sensitivity (16dB for UE-based timing measurement methods and 14dB for Network-based timing measurement methods), hearability suffers, Figure 18. The proportion of locations for which fewer than 3 sites are hearable has increased to between 40% and 50% for the UE-based timing measurement methods and to 10% for Network-based SB. Only OTDOA-SB with Network-based SB is likely to yield acceptable results for many applications.

With a Detection Threshold set at 10dB (8dB for Network-based SB) hearability improves considerably. Figure 19 shows that a very small proportion of locations can hear less than 3 sites, less than 2.5% for IPDL and Network-based SB.
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Figure 18 - Comparative Hearability CDFs with higher Detection Threshold
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Figure 19 - Comparative Hearability CDFs with lower Detection Threshold

A.1.3.4
Effect of varying the IPDL attenuation factor

An attenuation factor is currently being proposed for IPDL. It has not yet been decided what this value will be with maximums of 25dB and 45dB being the current proposals. This section presents CDF Hearability results as well as scatter charts for attenuation factors of 45dB and 25dB. An attenuation of 45dB may be considered as very similar to “ideal” IPDL as will be clear from the following results.

	Low IPDL Attenuation Factor
	25dB

	High IPDL Attenuation Factor
	45dB

	Post Integration Detection Threshold
	13dB

	IPDL Integration Time
	10 CPICH symbols


Table 11 - Simulation Parameters with Different IPDL Attenuation Factors

The scatter charts are used to illustrate the distribution of failures and highlight areas where performance is better.

Figure 20 (45dB) and Figure 21 (25dB) should be compared with Figure 5 (20dB). The proportion of locations for which less than 3 sites are hearable reduces to 11% using an Attenuation of 25dB, compared with 15% for an Attenuation of 20dB. The results using 45dB (7%) are almost indistinguishable from IPDL with infinite attenuation.

Figure 22 (45dB) and Figure 23 (25dB) should be compared with Figure 8 (20dB) and with Figure 7 showing standard IPDL. In the case of standard IPDL it can clearly be seen that locations with poor hearability (<3 sites) are distributed around the periphery of the cell. In the cases of Attenuated IPDL with attenuation factors of 20dB there is an additional concentration of poor hearability in the cell centre. This is only partly true for the 25dB case although the errors are more evenly balanced between cell centre and periphery.

From a pure UE positioning perspective there is little difference between the performance achieved using ideal IPDL and Attenuated IPDL with an attenuation of 25dB or more.
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Figure 20 - Comparative Hearability CDF using 45dB IPDL Attenuation
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Figure 21 - Comparative Hearability CDF using 25dB IPDL Attenuation

[image: image37.png]North (metres)

2500
®2000
1500
1000

o
3
o 38

-500
-1000
-1500
12000
2500

Attenuated IPDL hearability results

-2000 -1000 0 1000 2000
East (metres)




Figure 22 - Scatter Chart for IPDL with 45dB Attenuation
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Figure 23 - Scatter chart for IPDL with 25dB Attenuation

A.1.3.5
Different UE-based SB assistance data configurations

Since the UE is responsible for requesting assistance data the conditions under which is does so can have a big impact on performance. Three different scenarios are compared:

· The UE always requests assistance data for the strongest Node B signal and up to two others provided they are no more than 20dB weaker than the strongest. All measurements are made solely using the snapshot period of 10 symbols – no conventional OTDOA measurements are used.

· The UE performs a conventional OTDOA measurement and if it results in less than 6 sites being hearable it requests assistance data for the strongest and up to two more node Bs where they are no more than 20dB weaker than the strongest. The results of applying the blanking are combined with the OTDOA measurements.

· The UE performs a conventional OTDOA measurement and if it results in less than 3 sites being hearable it requests assistance data for the strongest and up to two more Node Bs where they are no more than 20dB weaker than the strongest. The results of applying the blanking are combined with the OTDOA measurements.

The objectives of the second and third strategies are to reduce the amount of assistance data required whilst optimising positioning performance.

A.1.3.5.1
Blanking only, assistance data always requested

Figure 24 shows the comparative hearability CDFs with UE-based SB using only the snapshot blanking period and no general OTDOA measurements. The purpose is to compare the method against IPDL in its most conservative configuration. It can be seen that the performance is similar to Attenuated IPDL, although for 3 hearable sites its performance is slightly below “ideal” IPDL.

The scatter chart, Figure 25, shows that the failure mechanism is centre dominated with extremely few failures near the cell periphery. This means that a fall-back to Enhanced CellID will usually result in an acceptable location, which is not the case for IPDL.

A.1.3.5.2
OTDOA assisted by SB for less than 6 hearable sites

Comparative CDFs including OTDOA assisted by SB when less than 6 sites are hearable (using OTDOA) are shown in Figure 26. In this configuration a location attempt is first attempted using OTDOA. If less than 6 sites are hearable assistance data snapshots are requested for up to three of the strongest Node B downlink signals. The SB algorithms use the assistance data to enhance the hearability of weaker signals and thereby measure additional Node B timings. Assistance data is requested for approximately 75% of position calculations.

It can be seen that the performance is similar to Attenuated IPDL. However, as can be seen clearly in Figure 27 the failure mode is near the cell centre, where a fall-back to CellID will usually yield a suitable position.

A.1.3.5.3
OTDOA assisted by SB for less than 3 hearable sites

Comparative CDFs including OTDOA assisted by SB when less than 3 sites are hearable (by OTDOA) are shown in Figure 28. In this configuration a location attempt is first attempted using OTDOA. If less than 3 sites are hearable assistance data snapshots are requested for up to three of the strongest Node B downlink signals. The SB algorithms use the assistance data to enhance the hearability of weaker signals, thereby enabling more Node Bs to be measured. Assistance data is requested for approximately 30% of position calculations.

Even in this minimum configuration of SB assisted OTDOA the performance is comparable to Attenuated IPDL. As can be seen in Figure 29 the failure mode is centre dominated and thus fall-back to enhanced CellID will provide an acceptable position in most cases. Thus even in the minimum configuration UE-based SB combined with CellID has the potential to outperform IPDL.

When assistance data is requested for less than 5 and less than 4 hearable sites the percentage of assistance requests is approximately 60% and 40% respectively. The particular strategy used is an implementation detail.
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Figure 24 - Comparative Hearability: UE-based SB only
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Figure 25 - Scatter Chart: UE-based SB only
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Figure 26 – Comparative Hearability: OTDOA assisted SB for less than 6 sites
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Figure 27 - Scatter chart: OTDOA assisted SB for less than 6 sites
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Figure 28 - Comparative Hearability: OTDOA assisted SB for less than 3 sites
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Figure 29 - Scatter chart: OTDOA assisted SB for less than 3 sites

A.1.3.6
“Enhanced” Software Blanking

The standard simulations presented have assumed that Software Blanking only uses three successive signal subtractions and that the attenuations achieved are: 15dB, 10dB and 5dB by each subtraction respectively. These are conservative assumptions, and laboratory and field tests using real blanking algorithms have shown that in practise more subtractions and higher attenuations are likely to be achieved. This section presents results assuming four subtractions with the following attenuations: 20dB, 15dB, 10dB and 5dB respectively.

It can be seen from the CDF in Figure 30 that the performance of SB (particularly Network-based SB) has been significantly improved. The proportion of failures (<3 sites hearable) is under 5%, and approximately 94% of measurements resulted in 4 or more sites being hearable.

The scatter chart in Figure 31 shows a reduced zone of failures at the centre of the cell.

One of the key factors here is that the performance of Network-based SB can be improved by updating the blanking algorithms residing in the network (SMLC, RNC) without any impact on the UE at all. Thus it provides an attractive enhancement path that does not have the problem of what to do with legacy UEs.
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Figure 30 - Comparative CDFs for enhanced SB
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Figure 31 - Scatter chart for enhanced SB

A.1.3.7
Urban Environment

The reference simulations have been performed for a Suburban network with a cell spacing of 4000m. This section compares the results obtained for a 2000m site spacing and for an Urban network with 1000m site spacing.

The Urban network is configured with a cell spacing of 1000m and simulations are done using the Urban B radio propagation models: Figure 32.

The results show that good performance, regarding hearability, can be achieved in Urban areas, with all methods performing better than the reference Suburban case. The major issue in Urban environments is not one of hearability, but the problems caused by radio signal diffraction, multipath and non-line-of-sight propagation.

One of the most powerful techniques for addressing the radio propagation issues is to use measurements of a larger number of cell sites. Software Blanking shows significantly better hearability than any of the other methods being compared and thus lends itself to the implementation of more robust positioning solutions. 
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Figure 32 - CDFs for 2000m site spacing
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Figure 33 - CDFs for Urban environment with 1000m site spacing

A.1.3.8
SB: Sampling resolution vs. Integration time

Another variation of SB that is useful to review is the trade-off between sample length (integration time) and the number of bits per sample. The charts in Figure 34 and Figure 35 show the hearability plots for Network-based SB using a  “snapshot” sizes held constant between 1kB and 1.5kB. Each curve is labelled 13ij where 13 indicates that the baseline reference simulation model was used and the digits “ij” indicate the integration time in symbols (i), and the sampling resolution in bits (j).

As can be the reference configuration of 4-bit sampling for 2 symbols provides a good baseline performance. The first six curves are the various combinations recommended and from amongst these the reference configuration is the second worst performer. Thus the various SB blanking results presented tend to be conservative.
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Figure 34 - Comparative hearability for NW-based SB with different snapshot configurations
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Figure 35 - Comparative hearability for NW-based SB with different snapshot configurations

A.4
Detection Threshold & Integration Time

A.4.1

Choice of Post-integration Detection Threshold

A.4.1.2
Requirements from 25.133

The choice of a post-integration detection threshold is crucial for hearability simulations as it has a direct bearing on the resulting performance. Furthermore there are several criteria that influence the choice:

· The search window size (in time) over which the correlation peak search is done,

· The desired probability of correct peak detection and the tolerable false alarm rate,

· The noise characteristics of the signal being measured,

· The radio channel propagation characteristics. (dispersion, multipath etc.)

Deciding what post-integration detection threshold to use can be done using theoretical methods or empirically using simulations. 

TS25.133 specifies the Type 2 SFN-SFN measurement with the following parameters:

	Relative CPICH level
	-10dB

	Relative level between two signals
	( 20dB

	Measurement accuracy
	( 0.5 chip

	Time offset between signals (D)
	Up to ( 1280 chips

	Assistance data
	None specified


Table 12 - 25.133 Measurement requirements SFN-SFN

A.4.1.3
Theoretical Threshold assessment

The Cramér Rao lower bound (CRLB) derives the best MLE (Maximum Likelihood Estimate) error for a timing measurement between two “noise like” signals with bandwidth W, correlation time T and timing search window (uncertainty) D. [A.5-2] 

In the CRLB region of timing measurement
 the mean squared measurement error is given by:
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where PISNR is the Post Integration Signal to Noise Ratio.

To avoid ambiguity in the result given the (1280 chip ((333(s) time offset range for D, [A.4-2] shows that for:
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This Post Integration SNR implies that:
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or approximately 1/16th chip. 

This easily exceeds the performance requirement in 25.133. However 17dB is an extremely high requirement for the PISNR caused primarily by the time uncertainty which has been set at (1280 chips.

A search uncertainty of ( (12.5 chips (~3.3(s, 1km) reduces the 17dB value to around 14dB. Below this level the risk of finding the wrong correlation peak increases.

Given that the strongest signals will yield good Post Integration SNRs and beyond 3 sites (the fourth and additional ones) there is redundancy that allows the search to be narrowed (given suitable assistance data), it is reasonable to assume that 13dB is a realistic threshold for measurements in the UE.

Thus the following post-integration detection thresholds look theoretically possible:

· For OTDOA using CPICH: 13 dB as standard (10 dB to 16 dB for best/worst)

· For Network-based SB: 11 dB as standard (8 dB to 14 dB for best/worst)

A.4.1.4
Empirical Threshold Selection

A.4.1.4.1
Methodology

A computer simulation has been constructed as follows:

· A UE is assumed to be positioned random distances (between 200m and 2km) from two Node Bs. One is the test Node B and the other an interferer.

· A downlink signal for each UE is constructed such that it comprises a CPICH channel and 10 data channels each with a randomly selected, but realistic, spreading factor. The channels are combined to give a representative UMTS downlink signal in which CPICH is 10dB below the total power.

· The Node B transmit powers are adjusted so that the signals arriving at the UE yield the desired post-integration threshold for the test signal.

· Each Node B signal is passed through a T1P1.5 channel model.

· The Node B signals are summed to represent the total received downlink at the UE.

· The received UE signal is cross correlated with a reference signal from the test Node B, using the snapshot integration time.

· For each of nine pre-selected search window sizes the output of the cross correlation is tested to determine whether the correct timing has been found.

· Each result is accumulated as a pass/fail for the target post-integration threshold and the selected search window. The results are accumulated over a large number of simulation runs to give statistical confidence to the results.

A.4.1.4.2
Results

Accumulating 500 random runs for each post-integration threshold in the range 0dB to 20dB using a “OnePeak” channel model yields the results in the figure below.
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Figure 36 - Detection probabilities

Curves have been plotted for three search window sizes: (5 chips, (40 chips and (1280 chips. These represent distances of approximately (390m and (3125m for the first two, the third being taken from TS 25.133.

The y-axis plots the probability of correct peak detection. At the 95% correct detection level the following thresholds are required:

· 15dB for the full search window

· 12dB for (40 chips (approximately cell sized)

· 10dB for (5 chips, a tight search range only achievable with very good assistance data

Relaxing the probability of correct detection to 90% yields a lower threshold of 8dB, whilst insisting on near perfect detection requires around 14dB to 17dB.

A.4.1.5
Conclusion – choice of Threshold

Simulations suggest that a realistic threshold probably is approximately 12dB, assuming the availability of reasonable assistance data. With no assistance data 14dB to 16dB is required. With excellent assistance data better than 10dB may be achieved. These results agree extremely well with the theoretical results.

If the probability of correct detection is allowed to be reduced to 90%, a threshold as low as 8dB is realistic. Even lower thresholds, 5dB or 6dB, may be usable in some cases by sacrificing the high probability of detection.

The use of the lower thresholds is only realistic with excellent assistance data of the quality that is only likely to be available to network based timing methods and not UE-based methods.

Therefore, the reference implementation for OTDOA, IPDL and UE-based SB has been assumed to use a Post Detection Threshold of 13dB, and comparisons at 10dB and 16dB are made. For Network-based SB the values used are 11dB reference threshold with comparisons at 8dB and 14dB (2dB advantage due to better “network” knowledge).

A.4.2

Integration Time

For IPDL the maximum Integration Time is dictated by the length of the idle periods: 5 or 10 CPICH symbols. It may be possible to integrate non-coherently across multiple idle periods depending on the repetition rate and stability of the radio channel over this period, but doing so will add complexity to the UE implementation. 

OTDOA is not constrained by an idle period length. However 25.133 requires an SFN-SFN measurements to be made with up to 20dB difference between the two signals. In order to achieve the necessary PISNR for reliable timing measurements with the –10dB relative CPICH level the required processing gain is:
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using the required 17dB PISNR for the specified (1280 chip uncertainty from the previous section.

This implies an unrealistically long integration time of:
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CPICH symbols (~13ms)

Using the more practical PISNR of 13dB yields:
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CPICH symbols (~3.3ms)

However, this value may not allow the UE to reliably meet the requirements in 25.133 with a time uncertainty of (1280 chips.

The results presented in this report [A.1] use the following Integration Times:

	
	OTDOA
	IPDL, UE-based SB
	Network-based SB

	Standard reference
	50
	10
	2

	Longer integration
	100
	30
	4

	Shorter integration
	10
	5
	1


Table 13 – Integration Times (CPICH symbols)

� The potential impact of IPDL on downlink capacity and RRM performance is beyond the scope of this document.


� The detection thresholds have been set to achieve a “false alarm rate” of around 2.5%.


� When the UE is unable to obtain assistance data 0dB attenuation is used.


� When the UE is unable to obtain assistance data 0dB attenuation is used.


� It is assumed that Node B signals which are more than this threshold below the strongest cannot be identified by the UE, and therefore it is unable to request assistance data for them. 


� It is assumed that when the UE can hear this many distinct Node Bs or more, no assistance data will be required as a position using conventional OTDOA can be calculated.


� Note that the relatively good performance of OTDOA is because of the use of a 50 symbol integration time, compared with 10 symbols for IPDL.


� The antenna modelled is a real world antenna typical of those deployed in cellular networks. It has a very flat beam shape which means that the gain close in reduces, because the height differential between the Node B antenna and the UE antenna places the UE below the main beam.


� Simulation and Laboratory tests have shown that interference cancellation algorithms can readily achieve these figures.


� In the absence of assistance data 0dB attenuation is used.


� In the absence of assistance data 0dB attenuation is used.


� It is assumed that Node B signals which are more than this threshold below the strongest cannot be identified by the UE, and therefore it is unable to request assistance data for them. 


� This is an extremely long integration time (6.6ms), and its practicality has yet to be established.


� Given that the maximum idle period length is 10 CPICH symbols in duration and integration across multiple idle periods is non-coherent, this longer integration time is equivalent to integration across approximately 9 idle periods.


� These lower detection thresholds will only be usable when good quality assistance data is available to the UE in order to minimise the search range for the timing peak. In the case of Network-based SB, no assistance data is required at the UE.


� Measurements below the CRLB region have a decreasing probability of being able to successfully determine the correct time offset. The reason for this is the ambiguities arising from random correlations between the reference signal and the noise or interference.
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