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1. Introduction

1.1. 3G Positioning Overview

In GSM, three location technologies have been adopted: Cell ID, Assisted GPS and E-OTD (Enhanced Observed Time Difference). Cell ID yields a coarse position, while A-GPS and E-OTD are both capable of high accuracy positioning, better than 100m. Uplink Time of Arrival is currently being standardised as an additional method.

3G systems (WCDMA within 3GPP) have also adopted three technologies for positioning the mobile terminal:

· Cell-ID based methods that use information about link timings in conjunction with the position of the serving cell in order to locate the UE (User Equipment) with relatively low accuracy;

· OTDOA (Observed Time Difference of Arrival) methods that use relative timing of different cells as measured by the UE in order to locate it to high accuracy. OTDOA may be enhanced with the use of IPDL (Idle period on the Downlink), which is a standardised option.

· Assisted GPS methods that use measurements from the Global Positioning System satellites in order to position the UE.

OTDOA on its own has a “hearability” problem, and IPDL was introduced to improve its performance. However, IPDL as presently defined can be improved further through the use of Software Blanking methods. 

1.2. Hearability is key

In order for an OTDOA based method to successfully compute an accurate position a minimum of three good quality measurements of geographically disparate Node B transmitter sites is required. The figure is normally expressed as the number of hearable neighbour cells, at least two being required, in addition to the serving cell. 3G networks use CDMA technology which causes the “hearability” problem. 

In CDMA systems different cells transmit on the same frequency band and use code-division techniques to separate between the different signals. As the UE approaches close to a Node B the signal from that Node B is much stronger than the signals from more distant Node Bs and this makes it difficult for the UE to measure the signals from the more distant Node Bs. When fewer than three geographically separated Node Bs (2 neighbour cells) are measurable it is not possible to compute an OTDOA position. In this case Cell ID may be used, enhanced by link timings from the UE.

Extensive simulations by CPS have shown that a basic OTDOA implementation complying with the performance requirements of the 3GPP specifications may yield coverage of only 40% to 60%. This means that about half the positioning attempts will fail. These OTDOA failures tend to occur near the transmitter positions. A good quality OTDOA implementation can push the coverage up to around 75%, or even a little higher.

This problem was recognised by 3GPP early in the specification stages and an optional technique called IPDL (Idle Period on the Downlink) was introduced. IPDL inserts short idle periods randomly into the downlink of every Node B. During the idle period the UE may then make measurements of weaker Node Bs, and thereby obtain more measurements allowing better coverage for the computed OTDOA position. A basic standards compliant IPDL implementation achieves around 75% to 80% coverage. However, a good quality IPDL implementation can achieve better than 95% coverage, at the expense of UE complexity. The main drawbacks of IPDL are that: 

· the insertion of idle periods has some impact on network capacity and quality of the Radio Resource Measurements made by the UE, particularly UEs that do not support IPDL; 

· although it addresses and solves the hearability problem for the first neighbour cell, it does not lead to significantly improved hearability for two or more neighbour cells and, therefore, it is not well suited to operating in an LMU-less mode. Using more hearable cells also improves the accuracy of the calculated position.

So far the work in 3GPP for this Study Item has focussed on a specific Network-based implementation of Software Blanking techniques. However, they can be used in a variety of ways. This document describes how Software Blanking techniques can be used to significantly improve the performance of IPDL and reduce its impact on normal operation of the network. Minimal changes to the 3GPP specifications will be required. The proposed method is referred to as “Soft IPDL” in this paper.

2. A Modified IPDL Architecture

2.1. Principle of Operation

IPDL as presently defined

IPDL operates by inserting pseudo-random idle periods into the downlink. During the idle periods the downlink power is reduced to less than 35dB below the maximum allowable transmit power. The idle periods may be repeated at a rate of up to 20 per second and each idle period is typically 10 CPICH symbols in duration (may be shorter: 5 symbols, but with degraded performance). All Node Bs at a single site are blanked synchronously, but different sites operate with different pseudo-random timing thereby minimising the probability of idle periods for different Node Bs coinciding.

In order to achieve good performance a UE needs to integrate its measurements over several idle periods. Typically integration over 10 idle periods is required. The resulting time differences are reported using the SFN-SFN Type 2 measurement report – exactly the same as used for OTDOA without IPDL.

A new type of Idle Period

It is proposed to modify the signal transmitted during the idle period. Instead of attenuating the transmitter power, all physical channels except for Primary CPICH are turned off for the duration of the idle period. Since CPICH typically operates at –10dB relative to the maximum transmit power this has the effect of reducing the downlink power by 10dB during the idle period. This process can be implemented as part of the channel multiplexing and hardware control of the downlink power amplifier in real time is not required.

Since the content of the transmitted signal (CPICH) is exactly known, the UE can use interference cancellation techniques (Software Blanking) to further attenuate the level of the interfering signal. Results presented as part of the SI “Enhanced OTDOA positioning using advanced Software Blanking techniques” show that an attenuation of 25dB can be achieved. Therefore, a minimum performance similar to IPDL can be achieved without any changes beyond that described above.

However, the technique can be further improved by arranging to transmit the idle periods of different Node Bs simultaneously. In this case the UE knows what signal is transmitted by all relevant Node Bs and can apply Software Blanking techniques to several simultaneously. This dramatically improves hearability, especially when two or more Node B signals are received with similar strengths – the situation under which conventional IPDL performs poorly. The advantage gained by doing this is significant and allows the length of the idle period to be reduced, potentially to as little as 2 CPICH symbols.

Synchronisation of the idle periods is “loose” in so far as the only requirement is for sufficient overlap between them - an accuracy of one CPICH symbol is sufficient. This can be achieved under SMLC control since the relative timings of Node Bs are known by it. It may be considered as “time aligning” the idle periods.

This approach thus offers enhanced performance using shorter idle periods (typically 4 CPICH symbols rather than 10), lower idle period repetition rates (2 or 3 per second rather than 10) and less impact on the transmitted power (-10dB compared to –35dB for IPDL) with CPICH being transmitted uninterrupted.

2.2. Performance

Simulations of the hearability performance of the proposed modified IPDL method (“Soft IPDL”) in comparison with OTDOA and conventional IPDL have been done. The results are presented as Cumulative hearability curves in the figure below. The figure includes four curves:

· OTDOA using an integration period of 50 CPICH symbols,

· IPDL with 35dB idle period attenuation and integrating over one idle period of 10 CPICH symbols,

· IPDL with 35dB idle period attenuation and integrating over ten idle periods of 10 CPICH symbols,

· “Soft IPDL” with integration for one idle period of 2 CPICH symbols.

As can be seen the performance of “Soft IPDL” is better than conventional IPDL, even with a much shorter idle period and integrating over only one idle period. This shows the clear advantages of synchronising the idle periods, turning off all physical channels apart from CPICH and being able to cancel multiple Node B downlinks, rather than being limited to one cancellation as for IPDL. Note that due to synchronisation errors and signal propagation time an idle period of 4 CPICH symbols may be used to guarantee at least 2 symbols of integration time.
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Figure 1 - Comparative Hearability curves

2.3. The need for (no) LMUs

OTDOA requires that the timing relationships between Node Bs are known or measurable. Conventionally this is achieved using LMUs (Local Measurement Units) by which the timing relationships of the Node Bs are measured and can, therefore, be accounted for in the SMLC when the UE position is computed using the SFN-SFN measurement report. Alternatively the timing relationships may be determined using clusters of UE measurement reports in an LMU-less architecture.

LMUs increase the cost and complexity of deploying OTDOA. Their implementation is further complicated in WCDMA networks by the hearability problem, so they are likely to be implemented using an absolute time source such as from GPS, rather than measuring off-air time differences between Node Bs.

“Soft IPDL” also requires the timing relationships between Node Bs to be determined either using LMUs or clusters of UE measurement reports: in this respect it is no different from OTDOA or conventional IPDL.

2.4. Standards and Network Impact

Standards Changes

Most aspects of “Soft IPDL” are identical to conventional IPDL – except for the format of the signal transmitted during the idle period. Therefore, the standards changes are expected to be limited to the definition of the transmitted signal during the idle period, and the test procedures that will be affected.

All messaging, requests, results and assistance data remain identical and the behaviour of the UE is unchanged for both UE-based and UE-assisted modes.

Network Impact

“Soft IPDL” provides improved performance even with shorter idle periods and reduced idle period repetition rate. For comparable operation the system might be configured to use 2 idle periods per second, each 5 CPICH symbols in duration. This is one tenth of the capacity required for conventional IPDL using 10 idle periods per second, each 10 CPICH symbols duration. Thus the capacity impact is significantly reduced.

“Soft IPDL” leads to downlink power being reduced by only 10dB during idle periods, compared with 35dB reduction for conventional IPDL. It is likely that this combined with the smaller number and length of idle periods will have less impact on the Radio Resource Management of the UE, particularly legacy UEs that are not IPDL aware.

A conventional LMU-based architecture with the standard SMLC could still be used, or an LMU-less configuration.

UE Impact

There will be some impact on UE implementation complexity since the UE will need to perform the Software Blanking function. The complexity of this task is likely to be similar to the algorithms required to perform cross correlation of the received signals to determine the optimum time differences. The complexity is expected to be no more than that required to integrate IPDL measurements over multiple idle periods.

Legacy UEs and Networks

A legacy UE implementing conventional IPDL and being unaware of “Soft IPDL”, would still function on a “Soft IPDL” network, but its performance would be reduced due to the attenuation being only 10dB rather than the expected 35dB.

A “Soft IPDL” UE would operate on a conventional IPDL network just as well as a legacy UE supporting IPDL, since the Software Blanking algorithms would yield very little additional gain beyond the 35dB attenuation of the idle period.

3. Conclusions

This paper has presented a modified architecture for “Soft IPDL”. Compared with conventional IPDL it is shown to provide equivalent or better performance with less than 10% of the capacity impact.

It provides much improved hearability (and hence coverage), due to its ability to cancel multiple Node B signals rather than just one like conventional IPDL. This improved hearability is sufficient that an LMU-less location system could be implemented on 3G networks.

