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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832][bookmark: _GoBack]Single-BS positioning (SBP) was proposed as one of the candidate techniques for NR positioning [1][2]. In this contribution we further describe the single-BS positioning techniques along with evaluations by means of simulations. Note that SBP is different than E-CID positioning based on TOA and AOA of LOS path received at the serving BS. 

Positioning work
Recently, a technique called Simultaneously Localization And Mapping (SLAM) [3] has been widely studied and has been validated as efficient and high-accurate for robot positioning products. The SLAM technique enables a mobile robot at an unknown location in an unknown environment to incrementally build a consistent map of the environment while simultaneously determining its location within this map. The benefits of SLAM are that a single node (e.g. robot) can calculate the relative location itself as well as reflectors’ locations without the need of coordination between multiple nodes as performed in OTDOA positioning. Achieving the same for positioning would be highly beneficial since a single base station would be needed.
There are a number of publications describing how to apply SLAM to NR positioning. When an NR system is deployed with massive MIMO at the gNB and wide bandwidth (e.g. mmWave bands), high-accuracy estimation of angles (AOA or AOD) at BS and high-resolution of multipath delay in time domain can be achieved. It is accordingly feasible to exploit the angle-delay spectrum of the multipath with single BS to estimate UE location using the principles on which SLAM was derived. 
The authors in [4] proposed to utilize the AOA and TOA measurements of LOS and reflection paths to estimate UE location. Iterative algorithms were developed and were based on the TDOA of reflection paths relative to the LOS path. In [5][6], the authors developed an iterative algorithm based on the angle difference between reflection path and LOS path. In [7], the authors use single node in mmWave bands to estimate UE location where the perfect indoor map information is known. Machine-learning algorithm is applied to estimate UE location in [8], with the channel coefficients utilized to do training, followed by real-time channel coefficients applied to estimation. However, machine-learning method is beyond the scope of 3GPP, thus we will focus on the SBP presented in [4] since it can find more practical scenarios for application such as indoor. 

Simultaneous Position and Reflection Estimation (SPRE)
SBP Principle
Consider an indoor scenario where a gNB is at the origin [0, 0] and a UE is at an unknown location . There exists a number of paths of the uplink channel, including a LOS path (possibly extremely low power), and  reflection paths. The  reflectors are located at coordinates , shown in Figure 1.
[image: ]
[bookmark: _Ref528771315]Figure 1 Geometry of the SPRE localization process

The gNB uses the received SRS sent by the UE to obtain the measurements of distances/TOAs  and AOAs  for every path  of the uplink channel, where TOAs are computed by the similar correlation method as done in OTDOA, and AOAs are computed by the MUSIC or the DFT method in angle-based positioning. Note that here TOA means the measured time of arrival times the speed of light and is used interchangeably with distance.
In this case, the joint conditional probability density function (PDF) of the measured distance vector  and the measured AOA vector , given the hypothesis position of UE  and the hypothesis positions of reflectors , are:
	
	(1)


Here we assume the measured distance and angle errors are i.i.d. Gaussian distributed variables. K is a constant value.  is the distance vector where each component contains the distance from the hypothesis UE to BS for LOS and NLOS propagations.  is the AOA vector set for all paths based on the hypothesis UE’s location and reflectors’ locations. The problem is then to find positions  and  that can maximize the above conditional probability, which is equivalent to the optimization:
	
	(2)


Exhaustively searching the locations has prohibitively high complexity and a simplified solution is proposed in [4] to iteratively search UE location and reflector’s locations.

SPRE algorithm
With the SPRE algorithm, the estimation of UE position and the reflectors positions can be divided into three steps. Firstly, obtain the rough position of UE by using the measured AOA and TOA of LOS path. Secondly, estimate the positions of reflectors based on the rough UE position, and refining them by average filtering method. Finally, update the current position estimation of UE based on the refined reflectors positions. 
For the positioning measurements, we assume that the AOA measurement is more accurate than the TOA measurement: a large number of antennas are deployed in NR system due to the use of massive MIMO, and the estimation error of AOA can be always limited to one degree with 16 antennas in horizontal. For TOA, accuracy depends on the radio frequency front-end and the synchronization accuracy. The TOA is in the order of tens of meters, but the TDOAs between LOS and NLOS paths are obtained with high accuracy. The SPRE algorithm can fully exploit these three measurements in an iterative manner. The specific iterative process is as follows.
Step 1: UE Position estimation
At time , the rough estimation of UE location  can be calculated in terms of the measured TOA  and AOA  of the LOS path. 
	
	(3)


Without causing confusion, the time index  can be dropped. The location error tends to be large since no more accurate information is used. 
Step 2: Reflectors position estimation
Given UE’s position , we estimate reflectors positions in this step. 
First assuming BS and reflectors are fixed in the observation time, the AOAs of the reflection paths are also fixed, and thus can be refined by
	
	(4)


where i denotes the time from 1 to k. Based on the geometric relation given in Figure 1, the reflectors positions satisfy
	
	[bookmark: _Ref528767050][bookmark: _Ref528767060](5)


where,  and  are the x and y coordinates of the reflectors’ positions , respectively. Given the distance difference  and UE’s rough position, the reflectors positions  should satisfy the function
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Substituting (5) into (6), we can obtain  by solving a quartic equation. The explicit solutions have four values and are very difficult to compute. Here, we resort to particle swarm optimization (PSO), a stochastic global optimization algorithm through cooperation and competition between particles, to find the best solution. [9] showed that the performance of the PSO-based localization is close to the Cramer-Rao Lower Bound (CRLB). In the PSO algorithm, the location estimates of reflectors can be obtained by minimizing the cost function
	
	(7)


After obtaining the location estimations for reflectors, the average filter is used again to refine the estimated results. Since the distances between reflectors and BS are fixed, we can filter the distances by
	
	(8)


The refined reflectors positions can then be written as
	

	(9)


Step 3: UE position update
Based on the refined reflectors positions and the distance difference, the location of UE position can be updated by solving the equation
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Combining the TOA and AOA of LOS path, again we use PSO to find the best  to minimize the cost function
	
	[bookmark: _Ref528771204](11)


where  denotes the distance difference error associated with  and . For practical cases,  usually is a very small value. 
These steps are iteratively repeated with the SPRE algorithm. Since the reflectors positions are fixed, their positions will be more and more accurate after each iteration, which in turn improves the estimation accuracy of UE. 
In order to standardize this technique, TOA-AOA pairs of both LOS path and reflection paths need to be measured. Normally the RTT is required for the LOS path, which may require joint downlink and uplink operation, similar to E-CID. 
Proposal 1: Support single-BS positioning at least for joint downlink and uplink based solution.
Note that SBP can also be adopted for UL based only, where the UE transmits SRS and the serving BS measures the “RSTD” between LOS path and each NLOS path, and the AOA of each path. 

Simulation Results
In this section, the performance of SPRE algorithm is evaluated for different scenarios. The main focus is on the effects of  the reflector number on the positioning accuracy. The baseline is user localization based on measurements of LOS path.
The considered system assumes a single BS located at the coordinate origin, as shown in Figure 1. The simulation scenarios are 200m x 200m (outdoor) and 60m x 60m (indoor) for FR1 and FR2. For each scenario, one to three reflection points are randomly scattered in the environment. Without loss of generality, we assume the UE moves with a circular trajectory. The center and radius of the circle are [100m, 100m] and 80m for outdoor scenario and [30m, 30m] and 20m for the indoor scenario. The system parameters are listed in Table 1.
[bookmark: _Ref528771357]Table 1 Scenario parameters
	Parameters
	Value

	System Bandwidth
	20 MHz (LF)

	
	200 MHz (HF)

	TOA Standard Deviation
	20 m (LF)

	
	2 m (HF)

	AOA Standard Deviation
	1 degree (LF)

	
	0.5 degree (HF)

	Space Size
	200m×200m (LF)

	
	60m×60m (HF)

	
Number of Reflectors 
	1~3

	Distance difference error          
	0.2 m

	Sampling Points
	500


Figure 2 illustrates the positioning results of outdoor scenario, where the blue star represents the BS. The three hexangular star patterns denote the true positions of reflectors, the yellow triangles beside each hexangular star denote the location estimations of the corresponding reflector over time, the cross and circle represent the UE position estimated by method only using TOA and AOA of LOS path and the proposed SPRE method, respectively. 
[image: ]
[bookmark: _Ref528771390]Figure 2 Location results of outdoor scenario
As seen from Figure 2, the method based on the measurements of LOS (TOA+AOA) shows significant inaccuracy due to the inherent measure bias. The positioning results using SPRE clearly show the circular trajectory of UE. In addition, the positioning estimations of reflectors converge gradually to the true locations. Figure 3 indicates the localization errors of the three reflectors. Their values are large at initialization, but then decrease below two meter after nearly 120 iterations and one meter after 250 iterations. In practice, joint estimation for reflectors based on several UEs can improve the efficiency of the convergence process. If the locations of reflectors are known at the beginning of UE position, the estimation accuracy will be extremely high, as shown in later.
[image: C:\Users\h00404523\Desktop\Reflectors Errors.JPG]
[bookmark: _Ref528771432]Figure 3 Localization errors for three reflectors
The cumulative density functions (CDF) of the estimation errors in outdoor LF and indoor HF scenarios are illustrated in Figure 4 and Figure 5, respectively. From Figure 4 (a), it can be found that the position estimation of SPRE becomes more accurate for a larger number of reflectors. The position accuracy with two reflectors almost doubles compared to the case with only one reflector. The reason is that there are two unknowns (i.e. UE position) to be resolved from (11). Based on this, at least two equations of (10) with different reflector estimations are needed. If the prior knowledge about the reflectors is available, the positioning accuracy can achieve centimeter level accuracy, with 70% of localization error below 10cm. Figure 4 (b) illustrates the location error of reflectors. It can be found that nearly 65% of reflectors have localization error lower than 1m, which can be served as a reliable parameter when solving the UE location by (11).
	[image: ]
(a)  UE location errror
	[image: ]
(b)  Reflector location error


[bookmark: _Ref528771605]Figure 4 CDF of localization error in outdoor LF scenario
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(a)  UE location errror
	[image: ]
(b)  Reflector location error


[bookmark: _Ref528771611]Figure 5 CDF of localization error in indoor HF scenario
      
The CDF curves of positioning errors in Figure 4 and Figure 5 are similar to those in Figure 4. The UE location error of SPRE with three reflectors can achieve at least 0.16m for 50% of the UEs, which is almost one-ninth that of the method employed TOA and AOA of LOS path. Besides, nearly 55% of reflectors have localization error lower than 0.1m. Table2 lists the positioning errors in HF and LF environments. The number in each parenthesis indicates how many times the positioning accuracy of SPRE is higher than that of TOA+AOA. It is clear that the SPRE method can enhance the localization accuracy effectively. 
Table 2 Positioning error @ CDF=50%
	Method
	HF
	LF

	TOA+AOA
	1.4m
	13.8m

	SPRE with 1 reflector
	0.46m(3.0x)
	3.3m (4.2x)

	SPRE with 2 reflectors
	0.18m(7.7x)
	1.8m (7.7x)

	SPRE with 3 reflectors
	0.16m(8.8x)
	1.5m (9.2x)

	SPRE with known reflectors
	0.04m(35x)
	0.04m (345x)



Conclusion
In this contribution we further discuss the single-BS positioning techniques including recent researches, SBP principle, SPRE algorithm, and simulation results. Based on the discussion we have the following proposal:
Proposal 1: Support single-BS positioning at least for joint downlink and uplink based solution.
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