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9.1
1 Introduction
This contribution provides updated simulation results for the UTDOA work item. The RAN4 aim is to be able to conclude on the LMU performance specification.
2 Simulation Conditions

Simulation method and conditions related to this paper can be found in [1] and [2]. The effect of shadow fading will not be considered in first step simulation, might need further considerations later. A channel model borrowed from TS25.104 and a path-loss model in [3] were used to form a baseline of this simulation work. Compare to R4-070968, following factors were changed according to offline discussions:
· For 1900MHz, an extra 3dB gain in RF path was considered.
· Changed the Raise over Thermal(RoT) to 10dB, 5dB and 3dB for urban, suburban and rural, respectively. While in R4-070968, RoT was 8dB for all scenarios.
3 Detection Performance and Time Estimation Error 

3.1  Correlator selection
According to [1], signal detection component in LMU will be carried out by three parallel correlators. The best output among the three correlators will be selected to give the TOA information. Here “best” means the highest reliability. And metric of the reliability can be interpreted as the SNR of correlator outputs or the distance between correlation peak and a predefined threshold Th_false (the definition is based on false alarm rate and noise level, as described in [3]). Actually these two metrics are identical in principle.
It is obvious in both principle and simulation results that normally a certain correlator is most suitable for only one multi-path scenario because channel coherent time will impact the quality of correlation output greatly. For example, output of correlator 1(10ms x 80) is always better than that of correlator 2(80ms x 10) and 3(800ms x 1) in case of channel profile 2.  Fig.1 exhibits the correlation output of all correlators in different channel profiles. And multi-path channel profiles and their corresponding best correlator types can be found in Table1.
	
	Corr1(10msx80)
	Corr2(80msx10)
	Corr3(800msx1)

	Case1(7km/h)
	Middle
	Best
	Poor

	Case2(7km/h)
	Middle
	Best
	Poor

	Case3(280km/h)
	Best
	Middle
	Poor

	Case4(583km/h)
	Best
	Middle
	Poor


Table.1  Performances of correlators under different multipath profiles.
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Fig.1  Correlator outputs under different channel profiles.

It can be seen that for Case1 and Case2, output of Corr1 will be selected since it can provide the best signal quality. And Corr2 is most suitable for Case3 and Case4. Output of Corr3 is not acceptable for any one of the 4 cases, suitable for AWGN case only. This implies that in mobile channel, high processing gain of Corr3 is unreachable.
3.2 Detection Performance

For TOA estimation performance, there are two folds. One is the probability of successful detection and the other is the property of TOA estimation error. Actually the first one is the precondition. If a correlator failed in providing an effective correlation peak, then there is no need to do further TOA performance evaluation.
The detection probabilities in case of different channel profiles are illustrated in Fig.2. In this detection probability evaluation, detection threshold is defined as:
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 is the correlation peak value in dB.  Fig.2 is helpful for determining the sensitivity of LMU in simulation.
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                   Fig.2  Detection Performance                                    Fig.3  RMS Error Performance
3.3 RMS of TOA Error
RMS error can be evaluated when detection is successful. Fig.3 shows the RMS values for different channel profiles. Note that axis of Fig.3 begin from a SNR corresponding to detection probability of 50~80%, unsuccessful detections was excluded from RMS calculation, therefore the RMS values in Fig.3 are more optimistic than the real situation. It can be seen that basically the precision will be good only if detection is successful. Note that RMS of Case2 change very rapidly during -50~-51dB, this is due to the essence of Case2 channel profile, i.e. two paths with same power level. It’s hard to detect the first arrival path correctly when path power is nearby the detection threshold. Sometimes the second path is selected by mistake and therefore introduces a large RMS error.
Before HDOP calculation, uncertainty of one chip duration need to be incorporated into the RMS results above.
4 Coverage Analysis for 850MHz
Principle of UTDOA indicates that for UTDOA positioning, uplink signal shall be successfully detected by at least 3 LMUs simultaneously. Therefore an UE that can be heard by only 2 or less LMUs should be considered as out of UTDOA service. 
Coverage quality of UTDOA can be expressed in terms of HDOP. Figure of HDOP distribution in case of different scenarios (band, area type, channel profile) can be found in Annex. All LMUs that can hear UE are employed for HDOP calculation. Dark red and dark blue in the figures denote “no coverage” and “well covered”, respectively.

4.1 Urban Area
Normally, urban area is densely covered and the cell planning is traffic oriented. In the cell data file that used for urban simulation, distance between neighbor sites is normally several hundred meters. Fig.A.1~2 show that urban area can be well covered by UTDOA. The two high-speed scenarios (Case3 and Case4) are skipped since they rarely happen. However, degradation can be found in rim area and RBS antenna neighborhood area.
4.2 Suburban Area

Fig.A.3~5 exhibit UTDOA performance in case of suburban area. The effect of power control will make UE decrease transmit power therefore sometimes can not be heard by as many as 3 LMUs. In such case, one idea that proposed by [1] is “fall back” to the location of serving cell. In different channel scenarios, such “fall back” will degrade the location service performance differently. For example, in urban area, thanks to the high density cell planning, such degradation is not that evident but can however be found in Fig.A.1~2. In suburban area, since average distance between adjacent RBSs is much greater, effect of “fall back” will impact the result more evidently. In Fig.A.5, “fall back” happens even more frequently because processing gain have to be depressed (use output of Corr1 instead of Corr2) to match a greater fading rate. The performance in Fig.A.5 is hardly satisfactory.
4.3 Rural Area

Coverage quality of rural area in case of low speed is similar to that of suburban area in Case2 (Fig.A.4). For high-speed cases, the “fall-back” effect is also evident and positioning accuracy will be degraded to 2~3km.
4.4 UTDOA Coverage and Voice Coverage
The relation between UTDOA coverage and Voice coverage under 850MHz can be found in the table below. This relation is showed by the area size percentage ratio between UTDOA coverage and Voice coverage.

	
	Urban(%)
	Suburban(%)
	Rural(%)

	Case1(7km/h)
	99.844
	99.452
	99.036

	Case2(7km/h)
	99.635
	99.006
	98.666

	Case3(280km/h)
	NA
	95.646
	95.872

	Case4(583km/h)
	NA
	NA
	96.717


5 Coverage Analysis for 1900MHz

Pathloss of 1900MHz is greater than 850MHz. This will result in a poorer UTDOA coverage. 
5.1 Urban Area

It can be seen from Fig.A.10 and Fig.A.11 that urban coverage is contracted and more places were left bare, but still acceptable.
5.2 Suburban Area

UTDOA coverage of suburban area is illustrated by Fig.A.12~14. The figures show that UE can not be heard by 3 or more LMUs in most area.
5.3 Rural Area

Similar to suburban area, most of the places are out of UTDOA service for all the 4 channel profiles. Actually according to the cell data file given by [1], voice coverage of 1900MHz is too poor to support UTDOA(see Annex). Possibly the 1900MHz RBSs in that cell plan were traffic-oriented instead of coverage-oriented. In that case, UTDOA is not applicable. Therefore further investigation on UTDOA 1900MHz performance is still needed.
5.3  UTDOA Coverage and Voice Coverage

The relation between UTDOA coverage and Voice coverage under 1.9GHz can be found in the table below. This relation is showed by the area size percentage ratio between UTDOA coverage and Voice coverage.

	
	Urban(%)
	Suburban(%)
	Rural(%)

	Case1(7km/h)
	99.801
	99.021
	98.139

	Case2(7km/h)
	99.556
	98.292
	97.445

	Case3(280km/h)
	NA
	92.931
	92.333

	Case4(583km/h)
	NA
	NA
	93.760


6 Conclusion

· From the analysis above, it can be seen that for WCDMA system, UTDOA performance is scenario dependent. 

· Coverage and performance of UTDOA at 850MHz is acceptable for urban area in case of low-speed. For suburban and rural area, coverage will be degraded and sometimes HDOP is high. 

· For 1900MHz carrier, UTDOA coverage will shrink but still acceptable in urban area, but not very suitable for suburban or rural.
· Note that for most pictures, accuracy degradation can be found in the rim area of picture. The reason is that the UE can not be “surrounded” by LMUs. The DOP will be therefore impacted.
· Investigation on simulation model of 1900MHz is still needed.
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Annex A. Figures of UTDOA HDOP Distribution
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