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1. Introduction

New measurent for UE positioning methods AOA for 1.28Mcps TDD option was agreed during RAN WG1 meeting#21. RAN WG1 considered angle of arrival (AOA) measurements in UTRAN as a feasible method for UE positioning for 1.28Mcps TDD and proposed to introduce a corresponding measurement and to report also a confidence level for the measured angle to indicate the estimated measurement uncertainty range. The ranges for the reported AOA value and the AOA confidence level should be defined by RAN WG4 [1].


In this document simulation results for a UE positioning method, using the derived angle of arrival, are presented. These simulation results have already been presented at WG2#22 in Berlin [2] and WG1#21 in Turin[3, 4]. The submitted simulation results drawn out 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) antennas, and UE range, estimated from the UE applied timing advance, can be used to calculate the location of the UE. From the simulation results it also can be determined that an AOA estimation accuracy of down to 1° seems to be achievable.
As a conclusion in this document a text proposal  is made for inclusion of accuracies and mapping requirements into the TR 25.859 ‘UE Positioning Enhancements for 1.28 Mcps TDD’.
2
Background

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 [5].

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.

3
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. They indicate that whilst significant azimuth spread can occur, significant power can be concentrated in the direction of the UE even when antennae are below roof height. In ‘bad’ environments significant energy can also arrive from indirect 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. The AOA Estimation is based on the midamble (144 chips). 
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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 [6]. 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 Simulation Assumptions

Parameter
Explanation/Assumption

Chip Rate
1.28 Mcps

Duration of TDMA sub-frame
5 ms

Number of time slots per sub-frame
7

Number of bursts per sub-frame used for estimation
1

Number of codes in the slot
16

Number of users in the slot
8

Closed loop power control
OFF

AGC
OFF

Number of samples per chip
4 samples per chip

Propagation conditions
Vehicular spatial channel model

Numerical precision
Floating point simulations

Uplink DCCH model
Random symbols transmitted, not evaluated in the receiver

Other L1 parameters
As Specified in latest L1 specifications

Cell parameter
0 (determines the scrambling and basic midamble code)

5
Conclusion

It has been shown 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. 

It is therefore proposed to include the proposed accuracy and range mapping for AOA measurement into the technical report of WG2, which has main responsibility for the work item „UE positioning enhancements for 1.28 Mcps TDD“.

Consequently, it is proposed to discuss and include the following text proposal into the clause ‘Impact on layer 1’ (Section 8) of the TR 25.859 ‘UE Positioning Enhancements for 1.28 Mcps TDD’ [7].
Text proposal for TR 25.859

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.

8.2.X
Angle of Arrival (AOA) for 1.28 Mcps TDD

Definition
AOA defines the estimated angle of a user with respect to a reference direction. The reference direction for this measurement shall be the North, positive in a counter-clockwise direction.

The AOA is determined at the BS antenna for an UL channel corresponding to this UE.

8.2.X.1
AOA measurement for UE positioning  for 1.28Mcps TDD option

AOA defines the angle of arrival of the signals from a user at the antenna. The reference direction for this measurement shall be the North. The measurement period shall be [x] ms.

8.2.X.1.1
Accuracy requirements

Eight accuracy classes are defined for UTRAN AOA measurement, i.e. accuracy class A to H.

Table 8.xx 

Parameter
Unit
Accuracy [degree]
Conditions






UTRAN AOA measurement for UE positioning
degree
Accuracy Class A: +/- [180] degree

Accuracy Class B: +/- [90] degree

Accuracy Class C: +/- [60] degree Accuracy Class D: +/- [20] degree

Accuracy Class E: +/- [10] degree 

Accuracy Class F: +/- [5] degree Accuracy Class G: +/- [2] degree

Accuracy Class H: +/- [1] degree
Over the full range

8.2.X.1.2
Range/mapping

The reporting range for AOA measurement is from 0 ... 360 degree.

In table 8.yy mapping of the measured quantity is defined. 

Table 8.yy

Reported value
Measured quantity value
Unit

AOA_ANGLE _000
0 ( AOA_ANGLE < 0,5
degree

AOA_ANGLE _001
0,5 ( AOA_ANGLE < 1
degree

AOA_ANGLE _002
1 ( AOA_ANGLE < 1,5
degree

…
…
…

AOA_ANGLE _000
358,5 ( AOA_ANGLE < 359
degree

AOA_ANGLE _718
359 ( AOA_ANGLE < 359,5
degree

AOA_ANGLE _719
359,5 ( AOA_ANGLE < 360
degree

End of text proposal for TR 25.859

6 
References

[1] 
R4-011243=R1-010981, Answer to LS on UE Positioning Enhancements for 1.28Mcps TDD, 

Source: TSG RAN WG1, TSG-RAN4#19, Edinburgh, GB, September 3th - 9th, 2001

[2]
R2-011651, Angle of arrival enhanced positioning, CWTS/CATT, TSG-RAN2#22 , Berlin, 
Germany, July, 2001

[3] 
R1-010795, AOA measurement for 1.28 Mcps TDD, SIEMENS, TSG-RAN1#21, Turin, Italy, 

August 27th – 31st , 2001

[4]
R1-010800, Angle of arrival enhanced positioning, SIEMENS AG/CATT, TSG-RAN1#21, Turin, 

Italy, August 27th – 31st , 2001

[5]
3G TR 25.847: “UE positioning enhancements (Release 4)”.

[6]
TSGR1(00)0833, Performance Analysis, June 2000.

[7]
TR 25.859 ‘UE Positioning Enhancements for 1.28 Mcps TDD’, Version 1.0.1, R2-012208, as 

presented to RAN for Information.

_1055320796.doc
[image: image1.emf]0 10 20 30 40 50 60 70 80


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1




Cumulative 



Probability







Angle of Arrival error  (degrees)







Averaging widow size:



Single burst



10 ms (two bursts)



20 ms (four bursts)



30 ms (six bursts)



80 ms (sixteen bursts)



160 ms (thirty two bursts)












