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1. Introduction
WI on Positioning Support for LTE was approved in RAN#42 [1], and some contributions were presented for initial discussion in RAN1#55bis [2] [3] [4] [5]. In 1.28Mcps TDD (TD-SCDMA) system, the smart antenna is widely deployed in Macro cells in the existing operational commercial network. In 25.305, LCR-TDD NodeB already supports the measurement of AoA (angle of arrival) of the signal arriving from an UE [6] [7]. 
In this contribution, we study the AoA+TA positioning method in the context of LTE. Considering that Beamforming is a feature for LTE-TDD, we propose that AoA+TA based UE position could be one of the enhanced methods to be supported in LTE-TDD.
2. AoA+TA
According to TS25.305, it states that for both Cell-ID based positioning method and OTDOA positioning method, related parameters Rx Timing Deviation, Angle of Arrival (AoA) and Timing Advance (TA) for 1.28Mcps TDD could be used to improve the accuracy of the LCS [8] [9]. It is natural to transfer this method to LTE-TDD UE positioning. 
The UE position can be calculated with relatively good accuracy based on the following available information such as AoA, TA reporting from UE, NodeB measured timing RxTD (TDEV), the longitude and latitude of the NodeB 
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 and the height of antenna
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. This method has already been used in commercial TD-SCDMA system, and from the field tests in the currently operating network the positioning accuracy of 50m in LOS and 150m in N-LOS can be obtained in urban Macro cells.
In this contribution, we propose the positioning method based on Cell-ID+AoA+TA for LTE-TDD. 
Principle
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Fig. 1, UE positioning methods
Figure 1-1 shows the principle of OTDOA method for UE positioning, where the UE measures and reports TOA differences of multiple neighboring cells, then the position of the UE is calculated taking the locations of neighboring eNBs into account. For the AOA+TA based UE positioning mechanism as depicted in the figure 1-2, TA of the UE to it’s anchor cell and the AOA of arriving signal from UE is required to estimate the position of the UE. How to estimate the position of the UE is given below.
· First, the TA of the UE to its anchor cell is obtained.
· Next, the distance, d, between UE and eNB is calculated by multiplying TA/2 with speed of light. 
· Then, eNB measures the AoA of signal arriving from the UE, the position of UE can be calculated with AoA information combined with the geographical information of eNB, we call it AoA+TA UE positioning method.
The algorithm requires the following input:

AoA information, Time Advance of the UE (TA), the geographical location 
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 of eNB to which the UE is camped and the height of eNB antenna 
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The output of the algorithm is UE position:
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Considering the height of eNB antenna, the position of the UE is calculated as in (1).
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Without considering the height of eNB antenna, the position of the UE is calculated as in (2).
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Since in this method, the UE TA can be obtained through the uplink synchronization process, the complexity and the accuracy of the measurement is even better, and at the same time the signaling overhead is also lower. 
In LTE-TDD system with smart antenna deployed, the AOA measurement is accurate thus the AOA+TA method is even more efficient in UE positioning. In [8], the simulation results of AOA estimation was provided for LCR TDD system.
Field Test Results in LCR TDD

The figure below is a partial map of Guang Zhou city, China, where the field test of the AOA+TA method in real TD-SCDMA (CMCC) network was carried out. 

The typical urban environment with average NodeB height of 30 meters and the average inter-site distance is 800 meters, as shown in the figure below:
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Fig. 2, TD-SCDMA Network in Guang Zhou city
The information of NodeBs involved in the measurements (within the red circles in figure)
	Height (m) 
	Longitude
	Latitude
	Antenna bore-sight angle

	34
	113.32486
	23.11714
	110

	29
	113.37499
	23.1018
	40


The measurements in two locations in case of LOS and N-LOS were carried with 100 samples each.
The resulting curve with LOS environment is shown in figure 3.
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Fig. 3, CDF curve of UE positioning error in LOS
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Fig. 4, UE location GPS coordinate map
The resulting curve with N-LOS environment is shown in figure 5.
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Fig. 5, CDF curve of UE positioning error in N-LOS
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Fig. 6, UE location GPS coordinate map
From the field tests in the currently operating network the positioning accuracy of 50m in LOS and 150m in N-LOS can be obtained in urban Macro cells 
3. Conclusion
In this contribution, an initial discussion on UE Positioning based on AoA+TA is presented and proposed as one of the methods to be supported in LTE-TDD UE Positioning in Rel-9.
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