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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN#83, a WI on positioning was agreed. In the WID, six techniques are listed as to be standardized [1]
· DL-TDOA based 
· DL-AoD based 
· UL-TDOA based
· UL-AoA based
· RTT based
· E-CID based
In the conclusions of TR38.885 [1], the following was also noted:
Note: It is understood that no single positioning technology has to meet all the requirements for every scenario.
A possible way to improve location performance is to consider using more than one technique at the same time, and to consider hybrid techniques (e.g., UL-TDOA + UL-AOA). This provides performance not only in terms of accuracy but can also limit the number of sites used to determine the UE location: for example, three base stations are required for TDOA and RTT, while only two are needed if additional angle measurements are provided.
In this contribution, we consider the following hybridization of RAT-dependent techniques:
· UL-TDOA + UL-AoA
· mRTT + UL-AoA.
[bookmark: _Ref129681832]UL-TDOA + UL-AoA
For UL-TDOA + UL-AoA, each gNB measures the RTOA and AoA based on SRS transmitted from the UE, and since both UL-TDOA and UL-AoA can reuse the single procedure, no new physical layer procedure is required.
The CDF error is given in Figure 1, and Table 1, including UL-TDOA only, UL-AoA only, and hybrid UL-TDOA + UL-AoA. 
The simulation assumptions are summarized in Table 2.
[bookmark: _Ref5091689]Table 1 CDF for UL-TDOA and UL-AoA
	
	
	Source
	50%
	67%
	80%
	90%

	FR1
	InH
50MHz
	UL-TDOA
	2.48
	3.73
	5.34
	8.26

	
	
	UL-AoA
	0.21
	0.38
	1.16
	3.47

	
	
	UL-TDOA+UL-AoA
	0.18
	0.31
	0.78
	2.89

	
	InH
5MHz
	UL-TDOA
	13.3
	16.83
	20.15
	26.61

	
	
	UL-AoA
	0.31
	0.68
	2.1
	4.21

	
	
	UL-TDOA+UL-AoA
	0.22
	0.44
	1.09
	3.68



Based on the simulation, we have the following observations:
Observation 1: 
· AoA can greatly improve UL-TDOA accuracy, and UL-TDOA can improve AoA.
· UL-TDOA+UL-AoA can reach 1m accuracy @80% for both 50MHz and 5MHz.

[bookmark: _Ref5029849]Table 2 Simulation assumptions for UL-TDOA and UL-AoA
	Parameter
	50M InH
	5M InH

	Channel model (baseline, otherwise state any modifications)
	38.901
	38.901

	Carrier frequency 
	4GHz
	2GHz

	Subcarrier spacing
	15kHz
	15kHz

	Reference Signal Transmission Bandwidth
	50MHz
	5MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	Comb-4 
	Comb-4 

	Reference signal (type of sequence, number of ports, …) 
	SRS: ZC, 1-port
	SRS: ZC, 1-port

	Number of sites
	12
	12

	Number of symbols used per occasion
	4
	4

	number of occasions used per positioning estimate
	4
	4

	Power-boosting level
	6dB
	6dB

	Uplink power control (applied/not applied)
	Not applied
	Not applied

	interference modelling (ideal muting, or other)
	Ideal muting
	Ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Regular
	Regular

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	UL-TDOA: Chan’s 
UAoA/UL-TDOA+UAoA: PSO
	UL-TDOA: Chan’s 
UAoA/UL-TDOA+UAoA: PSO

	Network synchronization assumptions
	No sync error
	No sync error

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	N/A
	N/A

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	SVD
	SVD

	Additional notes, if any
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[bookmark: _Ref5091680]Figure 1 CDF for UL-TDOA and UL-AoA

mRTT + UL-AoA
One of the issues with mRTT is that it does not perform well for low bandwidths: at low bandwidth, the time resolution is not enough for the UE to have good accuracy. On the other hand, AOA accuracy is largely independent of the bandwidth. Therefore, adding UL-AOA on top of mRTT could significantly improve the mRTT drawbacks.
For mRTT + UL-AoA, each gNB measures the Rx – Tx time difference and AoA based on SRS transmitted from the UE, while UE measures the Rx – Tx time difference based PRS transmitted from the gNB. UL-AoA measurement can be obtained in the UL part of the RTT procedure if gNB is equipped with MIMO.
The CDF error is given in Figure 2, and Table 3, including mRTT only, UL-AoA only, and hybrid mRTT + UL-AoA.
The simulation assumptions are summarized in Table 4.
[bookmark: _Ref5092196]Table 3 CDF for mRTT and UL-AoA
	
	
	Source
	50%
	67%
	80%
	90%

	FR1
	InH
50MHz
	mRTT
	1.13
	1.44
	1.77
	2.17

	
	
	UL-AoA
	0.21
	0.38
	1.16
	3.47

	
	
	mRTT+UL-AoA
	0.23
	0.57
	1.14
	1.85

	
	InH
5MHz
	mRTT
	5.22
	7.34
	9.45
	10.99

	
	
	UL-AoA
	0.31
	0.68
	2.1
	4.21

	
	
	mRTT+UL-AoA
	0.42
	1.16
	2.36
	4.69



Based on the simulation, we have the following observations:
Observation 2: 
· UL-AOA improves the performance of mRTT, especially for the low bandwidth case where mRTT alone does not perform well

[bookmark: _Ref5029860]Table 4 Simulation assumptions for mRTT and UL-AoA
	Parameter
	50M InH
	5M InH

	Channel model (baseline, otherwise state any modifications)
	38.901
	38.901

	Carrier frequency 
	4GHz
	2GHz

	Subcarrier spacing
	15kHz
	15kHz

	Reference Signal Transmission Bandwidth
	50MHz
	5MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	Comb-4 
	Comb-4 

	Reference signal (type of sequence, number of ports, …) 
	SRS: ZC, 1-port
	SRS: ZC, 1-port

	Number of sites
	12
	12

	Number of symbols used per occasion
	4
	4

	number of occasions used per positioning estimate
	4
	4

	Power-boosting level
	6dB
	6dB

	Uplink power control (applied/not applied)
	Not applied
	Not applied

	interference modelling (ideal muting, or other)
	Ideal muting
	Ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Regular
	Regular

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	PSO
	PSO

	Network synchronization assumptions
	No sync error
	No sync error

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	N/A
	N/A

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	SVD
	SVD

	Additional notes, if any
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[bookmark: _Ref5092183]Figure 2 CDF for mRTT and UL-AoA
[bookmark: _GoBack]Conclusion
This paper presents the evaluation results for hybridization of RAT-dependent techniques. Based on the evaluation, we have the following observations:
Observation 1: 
· AoA can greatly improve UL-TDOA accuracy, and UL-TDOA can improve AoA.
· UL-TDOA+UL-AoA can reach 1m accuracy @80% for both 50MHz and 5MHz.
Observation 2: 
· UL-AOA improves the performance of mRTT, especially for the low bandwidth case where mRTT alone does not perform well
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