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1 Introduction

This document proposes that angle of arrival enhanced positioning is a practical option for 1.28 Mcps TDD and contains text for inclusion into the TR ‘UE Positioning Enhancements for 1.28 Mcps TDD’.

2 Proposal

It is proposed that angle of arrival enhanced positioning is a useful enhancement to the cell Id and OTDOA based method of UE positioning. A combination of angle of arrival, estimated using adaptive (smart) antennae, and UE range, estimated from the UE applied timing advance, can be used to calculate the location of the UE. 

Consequently, it is proposed to discuss and include the following text proposal into the clauses ‘Angle of arrival enhanced positioning’ (Section 6.1), ‘Impact on layer 1’ (Section 8) and ‘Impact on UTRAN interfaces’ (Section 9) of the proposed TR ‘UE Positioning Enhancements for 1.28 Mcps TDD’.

3. Discussion
Adaptive or ‘smart’ antennae systems form an important enhancement to the 1.28 Mcps TDD system and can contribute to 1.28 Mcps TDD UE positioning by providing estimates of the angle of arrival of a UE’s transmissions. These, in turn, can be combined with other measurements to provide an estimate of the UE’s position.  One application is to combine UE range, estimated from the timing advance that is applied by the UE to its uplink transmissions, with the angle of arrival estimate. The UE position calculated in this way could augment the cell Id and OTDOA method for location. It would provide a method of position calculation that does not impact intrusively on the system and has only a minimal impact on the UE.

This paper provides simulation results that show that useful, single burst, estimates of angle of arrival can be made from 1.28 Mcps TDD transmissions, even when the transmissions are received with carrier to interference ratios that are less than those at which normal traffic services will operate and when all codes in the slot are in use. It is also shown that the averaging of angle of arrival estimates can, under some circumstances, improve the accuracy of the estimate.

Following from these results, it is proposed that provision should be made for UE angle of arrival measurements to be included as an option in Node B capabilities and for Iub/ Iur signalling to be specified so that SRNC can request angle of arrival measurement and receive the results. There remain a number of open issues regarding parameters for these items and further papers will address these.

3.1 Simulation Results

In recent times a number of studies have been completed which investigate the angular and delay dispersion of the multipath propagation characteristics of outdoor mobile communications [2], [3]. They indicate that whilst significant azimuth spread can occur, significant power can be concentrated in the direction of the mobile even when antennae are below roof height. In ‘bad’ environments significant energy can also arrive from indrect paths as well as paths close to line of sight.
Using the azimuth-power and azimuth- delay models derived in these sources it is possible to simulate the angle of arrival estimation process. Figure 1 illustrates the angle of arrival error obtained, with a particular combination of multipath, using an eight element circular array antenna and a simple angle of arrival estimator that selects the angle of arrival that delivers maximum energy to the system. Estimation is based on the midamble. 
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Figure 1. Angle of Arrival Estimation Error, 

C/I = –20 dB, 16 codes in use by 8 UE

(1 degree of error equates to approximately 17m positional error at 1 km).

The figure shows the cumulative distribution of error in the angle of arrival measurement for the cases where the estimate is based on a single burst and where it is averaged over periods of 10 to 160ms. For the example shown the UE is moving radially toward the base station at a speed of 50 km/hr in an environment where the principle multipath sources have angles of arrival grouped around + 12o and lesser sources are present at angles out to +100o.

The carrier to interference ratio used is below that which would be required by normal traffic transmissions [4]. It has been found that increasing the carrier to interference ratio above this level does not significantly improve the accuracy of the estimates. Simulation results also indicate that angle of arrival estimation is not sensitive to the number of UEs that are using the slot. 

The error in the angle of arrival measurement results from the multipath situation that is current at the time the measurement is made. Relative fading can cause significant errors which, given the large azimuth spreads that have been observed can be significant. However, the taking of multiple measurements and combining them in an appropriate manner appears to offer a potential for significant improvements in estimate accuracy.

4. Conclusion

Based on simulation results, of which a limited example has been shown, it is proposed that angle of arrival estimates, obtained from ‘smart antennae’ technology, combined with estimated UE range, can provide a useful method for estimating UE position for the TDD 1.28 Mcps option. Position estimates obtained in this way could augment the cell Id method of UE position fixing.

It is therefore proposed that TR ’UE Positioning Enhancements for 1.28 Mcps TDD’ should contain statements that require that:

i) Node B shall, optionally, be able to measure angle of arrival,

ii) UTRAN bearer protocols should contain messages that permit the requesting and reporting of angle of arrival measurements.

Because there exists the possibility of processing of angle of arrival measurements within Node B, and for assigning the measurement a quality factor, the parameters for the measurement requests and reports are proposed as being for further study.

5. Proposed Clauses for inclusion in TR ‘UE Positioning Enhancements for 1.28 Mcps TDD’

It is proposed that the following sections should be added to the TR ‘UE Positioning Enhancements for 1.28 Mcps TDD’.

6 UE positioning methods not from release 4

6.1 Angle of arrival enhanced positioning

The angle of arrival methods of UE positioning described in [1] can also be used in 1.28 Mcps TDD, taking account of the characteristics of the physical layer of 1.28 Mcps TDD, in addition, enhancements to this method, angle of arrival enhanced positioning, may be identified.

The characteristics of angle of arrival positioning method can be summarized as:

Angle of arrival positioning can make use of a knowledge of the sector, which the base station has used for receiving and transmitting to the UE, to estimate its location region and assist in resolving some ambiguity in other techniques. 

Adaptive (smart) antenna systems are a proposed feature of the 1.28 Mcps TDD option. Where adaptive antennae are employed, the angle of arrival of the UE transmissions and hence its location region can be estimated with greater accuracy than can be obtained from a simple sector method. In addition, angle of arrival and UE range, estimated from the uplink timing advance applied by the UE, can be combined to provide a much-improved estimate of the UE’s position. The combination of angle of arrival and UE range will also provide a method of position calculation that does not impact on system operation and has minimal impact on the UE capability requirements.

8. Impact on layer 1

8.2 Angle of arrival enhanced positioning

To enable methods of UE positioning that make use of the angle of arrival of UE transmissions, Node B should, optionally support angle of arrival measurement. These measurements are made on UE’s transmissions using a simple sector or adaptive antennae, where the Node B implements adaptive (smart) antennae systems. The parameters of these measurements are ffs.

9. Impact on UTRAN interfaces

9.2 Angle of arrival enhanced positioning
Angle of arrival enhanced positioning makes use of angle of arrival measurements made by Node B. UTRAN interfaces should enable the requesting of these measurements by SRNC and their reporting by Node B. The information elements required and their parameters are ffs.
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