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Discussion
1 Introduction
It is hard to reach the requirement of E911 in the heavy urban cases. Enhanced mobile positioning algorithms should be studied to improve the performance. In the CELL-ID positioning scheme, the RSCP of referencing signals is introduced to increase the error of UE position estimation. The same way can be applied in the OTDOA cases.
On the other hand, although the RSCP is reported in the Measurement Report for the handover, the value is not suitable in the positioning case. First of all, the Layer 3 coefficients are designed for handover but positioning, which leads the value error. Furthermore, there is the time difference between the RSCP reports and positioning related reports, which makes that it is hard to use the measurement in the LCF.
This contribution proposes a mechanism allowing more accurate position estimation of the UE.
2 Discussion
Considering the TD-SCDMA system in application, the following assumptions are supposed.
1) The speed of light is c.
2) There are N base stations in the system, which TDOA with referenced base station can be measured by the UE. Without any loss of generality, the ith (i = 0, 1… N) station is marked as BSi and the reference base station is assigned as BS0.
3) The absolute TDOA of the BSi (i = 1… N) is tij. The adjusted value of TDOA should be provided with the related time of transmission differences among base stations revised in synchronization mobile system. As the TDOA can be obtained more easily, only the algorithm with TDOA measurements is considered in this paper. The algorithm can be extended with TOA situation without any difficulties. 
4) The methods of synchronization for RATs are known and the duration of symbol/chip is also foregone. The values of ti are measured on the downlink transmission signals.
5) The location of the BSi (i = 0… N) is known as Xi = (xi, yi) for two-dimensional (2D) situation. The algorithm can be extended into the three-dimensional (3D) instances without any difficulties.
6) The location of the UE is X = (x, y), which is to be determined. The values of tij are measured by the UE.
The large-scale path loss models, e.g. Okumura Module and Hata Model, can be applied to obtain the relationship between RSCP (path lose) and the distance between the UE and the BS. At the same time, the fixed power is assigned by RNC in BS to transmit the common channels. In other word, the path lose can be calculated by the RSCP of a certain common channel at UE and the transmission power at BS.

Ranging measurement only considers the 2-D distance between an UE and BS. As the description of [2], the timing measurements’ result is modelled as
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where ij (i = 0, 1…Nj and j = 0…M) is the direct transmission time between an ME and BS
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and eNLOS-Measure is the error coursed by NLOS and measurement
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in which F is the uniform random number in [0, f].

The situation of macrocells is simulated considering the application environments of mobile location. The hexagonal arrangement of cells is applied and the same radium R is assigned for different RAT cells. The positions of cells are set as following rules.
1) The first cells (cell0) of TD-SCDMA system, which centre is BS0, are located at (0, 0).
2) The second cells (cell1) of TD-SCDMA system, which centre is BS1, are the neighbour of cell0, and the angle of the BS is set randomly;
3) The third cells (cell2) of TD-SCDMA system, which centre is BS2, are the neighbour of cell0 and cell1, and it is set in the clockwise direction.
4) …

The position of positioning UE is set at the geography centre of all of the cells.

Figure 1 plots the results of simulations and indicates that the location accuracy is improved with more RATs. Furthermore, the ranges of estimation at 90% reliability and the enhancements are listed in Table 1. In the simulations, the factor of error is set as 0.5 or 1.0, which means heavy density urban area. Note that the feasibility of this approach depends on the BS topography.
Table 1 Performance and Enhancement with TDOA Algorithm

	Method
	Performance (m) / Enhancement (m) @ 90%
	Performance (m) / Enhancement (m) @ 90%
	Performance (m) / Enhancement (m) @ 90%
	Performance (m) / Enhancement (m) @ 90%

	
	4 BS, R = 500 m, f = 0.5
	4 BS, R = 1000 m, f = 0.5
	5 BS, R = 500 m, f = 1.0
	5 BS, R = 1000 m, f = 1.0

	Without RSCP Reported
	352 / ---
	818 / ---
	473 / ---
	959 / ---

	With RSCP Reported
	282 / 70
	457 / 361
	319 / 154
	495 / 424


There are some problems to extend the technology in W-CDMA systems, e.g. the measurement of RSCP is not accurate enough for the estimation.
3 Conclusion
In this contribution we have proposed a scheme to estimate the accurate UE location by P-CCPCH RSCP measurement. This is a simple scheme that can be applied in TD-SCDMA systems as introduced. 
4 Appendix. Positioning Algorithm in the Simulation
Let the large-scale path loss models is Path_Lose = LS(d), where d is the distance between UE and BS, Path_Lose is the path lose for radio radiation. The anti-function can be got as d = Ls’(Path_Losed). Only the RSCP on the common channel can be measured accurately. The Hata Model is applied in the report.

As a performance measure, the function is considered
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This function is formed for the UE receiver which obtains the timing of the base stations’ transmission signal, and all the fi(X) could be made zero with the proper choice of X. However, the measured values of the values of TDOA are generally in error due to multipath and other impairments, and NLOS propagation introduces errors into the range estimates that are derived from the TDOA.

To obtain the location estimate from the raw TDOA data, the following function is formed as
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where the weights i (i = 1… N) should be normalized as defined in Function (A1).

A simple approach for solving the NL-LS problem in (A2) is the steepest descent method, where successive location estimates are updated according to the recursion
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where Xk = (xk, yk) (k = 0,1…),  is a constant diagonal matrix

[image: image7.wmf]x

y

m

m

m

éù

=

êú

ëû

,                                                                  (A4)
and
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The recursion in (A4) continues until 
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is smaller than some prescribed tolerance .
One drawback of the steepest descent method is its slow convergence. Other algorithm have been investigated [1], which form the solution to (A5) by linearizing fij(Xk) with a Taylor series expansion about xk and keeping only the first order term. For microcells, the UE is always within a short distance of the serving BS, so this method is not appropriate. The convergence problem arises from the approximation of with the linear term of the Taylor series expansion. Other objective functions J(X) can be formed replacing, for example f2ij(X), with |fij(X)|. However, these methods usually do not perform as well as minimizing the sum of squares [4].
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