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Summary

This paper presents simulation results for OTDOA (Observed Time Difference of Arrival) and IP-DL (Idle Period on the Downlink) using Type 2 SFN-SFN (System Frame Number) measurements specifically with respect to the positioning performance that may be achieved.

The 3GPP Technical Specification 25.133 [11] specifies measurement test parameters and these have been used to determine the simulation parameters where appropriate:

· In order to meet the 25.133 requirements OTDOA will need to be implemented using an integration time of approximately 185 CPICH (Common Pilot Channel) symbols (~12.3ms) to give a post integration detection threshold of 16.75dB. The large (1280 chip time uncertainty between the two signals is the controlling parameter.

· In practise a detection threshold of 12dB is expected to be realisable. With a 20dB difference between two Pilot Channels (as required in 25.133) OTDOA will require an integration time of approximately 62 CPICH symbols (~4.1ms). This, however, yields a measurement error a little more than the required (0.5 chip, and a distance error on the measurement of marginally over 50m. Some assistance to narrow the search range to (34 chips will be required.

· Hearability remains a problem and approximately 18% of measurements fail due to insufficient hearable sites.

· IP-DL addresses the hearability problem and easily meets the requirements of 25.133. However, using a 10 symbol idle period (integration time) and a 12dB detection threshold still leaves ~4% of measurements failing due to insufficient hearable sites.

· Attenuated IP-DL as proposed in [8] using 20dB attenuation of the idle period rather than complete blanking is a compromise solution. Using a 10 symbol idle period and 12dB detection threshold results in ~8% failure rate due to insufficient hearable sites.

This paper compares the performance with longer and shorter integration periods and higher and lower detection thresholds. The implications of the findings are:

· OTDOA will require long integration times to meet the requirements in 25.133 and it falls short of the performance levels required for some high accuracy positioning applications such as E911.

· IP-DL addresses the hearability shortcomings of OTDOA, but to meet the requirements of applications such as E911 will require integration over several idle periods. This could have complexity implications in the UE. Idle periods shorter than 10 CPICH symbols are likely to yield poor positioning performance. Careful configuration of a network deploying IP-DL will be essential in order to balance the UE positioning requirements with the impact on the overall performance of the network.

· Attenuated IP-DL may be a satisfactory compromise, but an attenuation of 25dB rather than the 20dB proposed in [8] is recommended.

The side effects of IP-DL (network capacity, radio resource measurement accuracy etc.) are not addressed in this paper.

Background Context

In CDMA networks, such as UMTS, positioning technologies that rely on being able to receive signals from a number of geographically dispersed transmitters suffer from the “hearability” problem. Closer strong signals “drown out” more distant weaker signals making it difficult to measure these more distant weaker signals. In order to achieve satisfactory “hearability” IP-DL (Idle Period on the Down Link) was introduced to assist the UE with the measurement of observed time differences for OTDOA.

IP-DL can be traced back to the study into positioning methods undertaken by ARIB which lead to the proposal for IP-DL (ARIB refers to it as IS-FL) [4]. The method was introduced to 3GPP and Ericsson presented a paper summarising IP-DL to 3GPP TSG RAN WG1 in April 1999 [2].

IP-DL introduces idle periods in the downlink. During these idle periods each Node B momentarily stops its downlink transmission for a short period of time. The idle periods are typically 10 CPICH symbols in duration and are repeated randomly at approximately 10 idle periods per second. IP-DL was summarised for 3GPP TSG RAN WG4 recently in a Nortel paper [6]. Note that it is necessary for all sectors (Node Bs) at a cell site to synchronise their idle periods, while the randomness of the idle period insertion ensures that idle periods from different cell sites seldom coincide [1].

Although the idle period is typically 10 CPICH symbols in duration, they may be shortened to only 5 symbols. There is the possibility, with added UE complexity, to integrate the measurements over several idle periods. The degree of success achieved integrating over several idle periods will depend on idle period repetition rates, UE mobility and clock and radio path coherence.

A proposal whereby the Node B downlink is attenuated by a factor, 20dB, rather than turning it off completely was presented at 3GPP TSG RAN WG4 meeting #20 by Nortel [8]. This document includes an assessment of the performance of the “attenuated” IP-DL method.

In terms of assessing the UE positioning performance, it would seem reasonable that an accuracy of 50m 67% and 150m 95% should be achievable [7] in order to meet the future FCC E-911 requirements. Since this analysis only addresses hearability it is not possible to assess performance directly against this accuracy requirement. However, it is clear that to produce a UE position that is within 150m 95% of the time at least 95% of measurements will have to hear at least 3 Node Bs at geographically separated cell sites. Given that a proportion of these measurements will not yield a position meeting this specification (poor radio propagation, high HDOP etc.), this represents the absolute minimum desired hearability level.

This paper presents the results of simulations of OTDOA positioning with various levels of IP-DL utilised. It does so from the point of hearability – the ability of the UE to receive Node B signals at an adequate C/I (Carrier to interference) level to measure the observed time difference of arrival. The paper does not derive estimates of positioning accuracy. 

This paper only assesses the usefulness of CPICH (Common Pilot Channel) measurements for the purposes of UE positioning. No consideration is given to the impact of the methods on other performance attributes of the network, such as downlink capacity or the ability to maintain an adequate level of radio resource management.

Methodology

Basis of Simulations

The simulations used for the analysis presented in this paper are based on a cellular network model developed at CPS. 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. 

The hearability simulations and analyses consist of static simulations at randomly selected points 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 [10]. 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.

	Simulation Parameters
	

	Cell site distribution
	Regular hexagonal

	Cell separation
	2km

	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

	Downlink power
	+39dB to the antenna coupler (static)

	CPICH power
	10% of Node B transmit power

	Traffic
	Static network loading

	Receiver noise figure
	5dB

	Detection threshold
	12dB, 9dB, 15dB

	OTDOA integration time
	62, 10 and 185 CPICH symbol

	IP-DL Integration time
	10, 5 and 30 CPICH symbols

	IP-DL attenuation
	20dB, 15dB and 25dB in the attenuated IP-DL mode.


Table 1 - Simulation Parameters

For the simulations presented in this document the three last parameters: Detection Threshold, Integration Time and IP-DL Attenuation were varied to assess the performance with different implementations. The reference point was selected as 12dB Detection Threshold, 10 symbol integration time for IP-DL (62 for OTDOA) and 20dB IP-DL attenuation.

Figure 1 shows the layout of the simulated network. In the figure each of 2000 randomly selected positions distributed evenly across the cell is shown as a coloured dot.
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Figure 1 - Simulated Network Layout

Post Integration Detection Threshold

The Cramér Rao lower bound (CRLB) [9] derives the best MLE (Maximum Liklihood Estimate) error for a timing measurement between two “noise like” signals with bandwidth W, correlation time T and timing search window (uncertainty) D. This section describes the rationale for the choice of the Post Integration Detection Threshold.

Requirements from 25.133

25.133 [11] 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 2 - 25.133 Measurement requirements SFN-SFN
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.

Therefore, to achieve (0.5 chip error one may infer the minimum PISNR to be:




[image: image2.wmf]dB

.

.

W

PISNR

5

14

3

28

1

12

2

2

»

»

×

³

x


Alternatively to achieve (50m measurement range error one may infer the minimum PISNR to be:
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To avoid ambiguity in the result given the (1280 chip time offset range for D, [9] shows that for:
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The Post Integration Detection Threshold will have to be the higher of these: 16.75dB.

In Practise

In practise assistance data and a rough knowledge of the UE position, narrows the search range, and, therefore, allows the higher of the thresholds above to be reduced.

A search uncertainty of ( (34 chips (~8.8(s, 2.6km) reduces the 16.75dB value to around 12dB. At an uncertainty of (15 chips the PISNR required reduces to around 9dB.

Given that the strongest signals will yield good Post Integration SNRs and beyond 3 sites (the fourth and additional ones) have redundancy that allows the search to be narrowed (given suitable assistance data), it is reasonable to assume that 12dB is a realistic threshold for measurements in the UE.

With good assistance data 9dB should be possible to achieve. Network based solutions could achieve better.

Integration Time

For IP-DL the maximum Integration Time is dictated by the length of the idle periods:5 or 10 CPICH symbols. It may be possible to integrate 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 [11] requires an SFN-SFN measurement 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 16.75dB PISNR from the previous section.

This implies an integration time of:
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CPICH symbols (~12.3ms)

Using the more practical PISNR of 12dB yields:
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CPICH symbols (~4.1ms)

However, this value will not allow the UE to reliably meet the requirements in 25.133 [11] with a time uncertainty of (1280 chips.

The results presented in this paper use the following Integration Times:

	
	OTDOA
	IP-DL

	Standard reference
	62
	10

	Longer integration
	185
	30

	Shorter integration
	10
	5


Table 3 - Integration Times (CPICH symbols)

OTDOA Hearability Analysis

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 Pwanted is the useful signal power received from the jth sector of the ith site, RxLevij is the total received power and ( is the relative level of the total Node B signal power to the CPICH power.

The interference is given by:
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( 2 )

The integrated C/(N+I) is calculated as:
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( 3 )

where Nr is the receiver noise power in dBm (assuming thermal noise in a 5 MHz bandwidth with a receiver noise figure of 5dB), and Gp (10log10(N)) is the processing gain achieved by integrating over N chips. 

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

IP-DL Hearability Analysis

The hearability analysis for IP-DL 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 IP-DL 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). The C/(N+I) for each sector of the strongest site is then calculated assuming that the next strongest site has been blanked.    

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 IP-DL 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 (equation 1ff ), the useful signal from the jth sector of the ith site, Pwanted (in dBm) is
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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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( 6 )

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.

Results

Results using the Reference Parameter set

The reference parameters used are:

	Post Integration Detection Threshold
	12dB

	OTDOA Integration Time
	62 CPICH symbols

	IP-DL Integration Time
	10 CPICH symbols

	IP-DL attenuation in “attenuation” mode
	20dB

	Number of simulation points
	2000 randomly drawn with uniform spatial distribution


Table 4 - Reference Parameters for Simulations

Figure 2 below shows that a position calculation will be impossible for around 4% of cases using IP-DL and approximately 8% of cases with the attenuated IP-DL mode, because less than 3 sites are hearable. For OTDOA the failure rate is approximately 19%.

Figure 4 illustrates the performance of IPDL in more detail, and Figure 5 shows the detailed charts for Attenuated mode IP-DL. These may be contrasted with the results of OTDOA in Figure 3. 

The scatter charts in Figure 6, Figure 7 and Figure 8 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. Those position where fewer than 3 sites were hearable are marked with a “+”. 

It can be seen that using IP-DL the best performance is achieved near the centre of the cell (most hearable sites), and failures, indicated by “+”s, tend towards the periphery of the cell. This is intuitive given that the benefit through signal blanking is lowest when the different cell site signals are similar strengths. In the case of attentuated IP-DL the distribution of failures is clearly different from standard IP-DL, with a significant cluster occurring near the cell centre. The failures around the periphery remain. As would be expected Attenuated IP-DL is a compromise between OTDOA and standard IP-DL.
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Figure 2 – Comparative Hearability CDFs

[image: image15.png]Basic OTDOA number of hearable sites - single network
300 T T T T T T T

0 2 4 6 8 0 12 14 16
Cumulative distribution for number of hearable sites; (19.5 % < 3 sites)

CDF (%)

14

4 6 .8 10 12
Cumulative Distribution of HDOP values

CDF (%)





Figure 3 - Histograms for OTDOA
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Figure 4 - Histograms for IP-DL
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Figure 5 - Histograms for attenuated IP-DL
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Figure 6 - Scatter Chart for OTDOA
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Figure 7 - Scatter chart for IP-DL
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Figure 8 - Scatter chart for Attenuated IP-DL

Effect of Varying the Integration Time

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

	Long OTDOA integration time
	185 CPICH symbols

	Long IP-DL integration time
	30 CPICH symbols

	Short OTDOA integration time
	10 CPICH symbols

	Short IP-DL integration time
	5 CPICH symbols

	Post Integration Detection Threshold
	12dB

	IP-DL attenuation in “attenuation” mode
	20dB

	Number of simulation points
	2000 randomly drawn with uniform spatial distribution


Table 5 - Simulation parameters for different integration times

The benefit of using a longer integration time is clearly visible from Figure 9 below. In this case the failure rates (less than 3 hearable sites) were: 0.1% for IP-DL and 0.6% for attenuated IP-DL, and around 10% for OTDOA. More than 95% of IP-DL measurements have 4 or more sites hearable.

The implication of this longer integration time is that the UE needs to integrate its measurements over a number of idle period slots: 3 with an idle period length of 10 symbols or 6 when using an idle period length of 5 symbols.

The impact of using a shorter integration time is presented in Figure 10. In this case the failure rates (less than 3 hearable sites) were: 26% for IP-DL, 35% for Attenuated IP-DL and 63% for OTDOA.
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Figure 9 - Comparative Hearability CDFs for Longer Integration time
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Figure 10 - Comparative Hearability CDFs for Shorter Integration time

Effect of varying the Detection Threshold

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

	Less sensitive Detection Threshold
	15dB

	More sensitive Detection Threshold
	9dB

	OTDOA Integration Time
	62 CPICH symbols

	IP-DL Integration Time
	10 CPICH symbols

	IP-DL attenuation in “attenuation” mode
	20dB

	Number of simulation points
	2000 randomly drawn with uniform spatial distribution


Table 6 - Simulation Parameters for different Detection Thresholds

The standard detection threshold used is 12dB. This is a good performance figure for a UE based implementation with limited resources and assistance data available. The following graphs show the effect of a more conservative implementation: 15dB (Figure 11), and a more aggressice setting: 9dB (Figure 12).

With a reduced Detection Threshold sensitivity (15dB), hearability suffers. The proportion of locations for which fewer than 3 sites are hearable has increased to 24% for IP-DL, 34% for Attenuated IP-DL and 30% for OTDOA. Note that at this Post Integration Detection Threshold, OTDOA out-performs the attenuated IP-DL, and is only slightly worse than standard IP-DL.

With a Detection Threshold set at 9dB hearability improves considerably. Figure 12 shows that a very small proportion of locations can hear less than 3 sites, 0.2%, with IP-DL, and only ~1.5% of locations hear less than 3 sites with Attenuated IP-DL. The OTDOA failure rate is ~18%. Using IP-DL just over 95% of locations can hear 4 or more sites.
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Figure 11 - Comparative Hearability CDFs with 15dB Detection Threshold
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Figure 12 - Comparative Hearability CDFs with 9dB Detection Threshold

Effect of Varying the IP-DL Attenuation Factor

An attenuation factor of 20dB has been proposed (8). This section presents CDF Hearability results as well as scatter charts for attenuation factors of 15dB and 25dB.

	Low IP-DL Attenuation Factor
	15dB

	High IP-DL Attenuation Factor
	25dB

	Post Integration Detection Threshold
	12dB

	OTDOA Integration Time
	62 CPICH symbols

	IP-DL Integration Time
	10 CPICH symbols

	Number of simulation points
	2000 randomly drawn with uniform spatial distribution


Table 7 - Simulation Parameters with Different IP-DL Attenuation Factors

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

Figure 13 (15dB) and Figure 14 (25dB) should be compared with Figure 2 (20dB). The proportion of locations for which less than 3 sites are hearable increases to 14% using an Attenuation of 15dB and reduces to 4.5% using an Attenuation of 25dB, compared with 8% for an Attenuation of 20dB. 

The scatter charts in Figure 15 (15dB) and Figure 16 (25dB) should be compared with Figure 8 (20dB) and with Figure 7 showing standard IP-DL. In the case of standard IP-DL 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 IP-DL with attenuation factors of 15dB and 20dB there are additional concentrations of poor hearability in the cell centre. This is also true for the 25dB case although the errors are more evenly balanced between cell centre and periphery.
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Figure 13 - Comparative Hearability CDF using 15dB IP-DL Attenuation

[image: image26.png]CDF (%)

Comparison of cumulative distributions for number of hearable sites

100

920

80

701

60

50

40

30

— Basic OTDOA
—— OTDOA using attenuated IPDL
—— OTDOA using IPDL

i h
0 2 4 6 8 10 12 14
Number of hearable sites





Figure 14 - Comparative Hearability CDF using 25dB IP-DL Attenuation
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Figure 15 - Scatter Chart for IP-DL with 15dB Attenuation
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Figure 16 - Scatter chart for IP-DL with 25dB Attenuation

Conclusions

This paper has presented the results of simulating OTDOA and IP-DL positioning for 3G UMTS networks in a regular network structure but using realistic radio propagation models. It has exclusively addressed aspects of performance in the context of positioning and has not addressed secondary effects on network capacity or the ability of the network to make radio resource measurements.

Highlights of the results are as follows:

· OTDOA without the use of IP-DL will not provide an adequate level of performance for many high accuracy Location Based Services such as E911, since it is clear that a position calculation will be impossible in more than 5% of cases. However, performance may be adequate for certain classes of applications. It will, however, require fairly long integration times in the UE.

· IP-DL should be able to provide adequate levels of performance, but will depend on the network configuration (length of idle periods and repetition rate) and the quality of the UE implementation.

· The measurement integration time (Idle Period length) is an important parameter. From the simulations it can be concluded that for IP-DL 10 symbols gives marginal performance, but 30 symbols is likely to be adequate. Given a maximum idle period of 10 symbols this implies that the UE will be required to integrate measurements over a small number of idle periods. (2 to 6 typically depending on idle period length.) This has implications on UE complexity and, possibly, measurement latency. For OTDOA longer integration times are required, but these are not constrained by the network (idle period) configuration.

· The Detection threshold achieved by the UE is another critical parameter. 12dB is shown to be a good target based on the performance required by 25.133 and the requirement to have good positioning performance. This parameter can be traded off against the integration time to some extent, but longer integration times impact implementation complexity and measurement latency.

· IP-DL can be implemented by attenuating the downlink signal, rather than blanking it completely. Based on the error levels and distribution of these errors the minimum attenuation that provides positioning performance close to IP-DL is 25dB. However, the choice of this parameter’s value also depends on other system issues, which have not been dealt with in this paper.

Given the somewhat marginal performance of OTDOA with IP-DL in the context of the requirements for high accuracy LBS (location based services) of 50m 67% and 150m 95%, a number of observations can be made:

· Networks implementing IP-DL will need to be carefully configured. Shorter idle periods (5 symbols) and low repetition rates could lead to high measurement latency. However, longer idle periods and higher repetition rates could adversely affect normal network operation. 

· The UE implementation will need to balance the Detection Threshold it achieves against the integration time. Better Detection Thresholds can be achieved with more accurate assistance data supplied by the network. UE complexity will need to be carefully managed.

· In order to achieve the requirements of LBS using IP-DL, realistic performance targets for hearability may be: 95% of measurements hearing 4 or more sites or 98% of measurements hearing 3 or more sites. The standard configuration used in these simulations: 10 symbol integration time and 12dB Detection Threshold does not achieve this.
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� The simulations assume perfect idle period synchronisation with the strongest signal always being blanked.


� 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.


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





_1073373515.unknown

_1073373827.unknown

_1073374982.unknown

_1073375064.unknown

_1073374853.unknown

_1073373692.unknown

_1073113405.unknown

_1073373485.unknown

_1067080282.unknown

_1067080767.unknown

_1067080972.unknown

_1067080659.unknown

_1067080244.unknown

