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Introduction
 In this contribution, we demonstrate performance evaluations results for the DL and UL based NR positioning technique. Both SSB and PRS are used in the positioning technique considered in this contribution.
[bookmark: Prop5]Evaluation results: AoD based approach
Positioning methodology
 In this section, positioning accuracy is evaluated by simulations. For AoD (angle of departure) based approach in FR2, we have implemented both SSB-only (1 step) and SSB and PRS (2-step) beam sweeping to estimate the direction of UE by AoD. For SSB beam sweeping, 64 directions were considered. In the beam sweeping procedure consisting of 2 steps, following SSB beam sweeping, PRS beam sweeping was implemented to perform more focused beam sweep based on the SSB result. Beams from each stage were chosen based on reported received signal power from UE. An illustrative example of the implemented beam sweeping is shown in Figure 1. Beam alignment was also implemented in the simulation. Beams were swept in both azimuth and zenith directions. No modifications to the channel model, other than the procedures detailed in TR 38.901 [2] were applied in the evaluation. Both received reference signal power and beam based method were implemented to estimate the distance between UE and BS.
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[bookmark: _Ref535061599]Figure 1 Illustrative examples of beam sweeping using SSB and PRS (2-step beam sweeping)
Table 1 Simulation parameters (DL & UL)
	Parameter
	[Mitsubishi Electric, Indoor open office, FR2]

	Channel model (baseline, otherwise state any modifications)
	Indoor office from TR 38.901

	Carrier frequency 
	30GHz

	Subcarrier spacing
	120kHz

	Reference Signal Transmission Bandwidth
	100MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	SSB as defined in TS 38.211
PRS occupying 12 REs 

	Reference signal (type of sequence, number of ports, …) 
	PN sequence for PRS

	Number of sites
	12 sites, 36 sectors

	Number of symbols used per occasion
	1

	number of occasions used per positioning estimate
	64

	Power-boosting level
	0dB

	Uplink power control (applied/not applied)
	Not applied

	interference modelling (ideal muting, or other)
	Ideal muting

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

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	Distance estimated by power attenuation (Method 1) or beam spot based distance estimation (Method 2), angle of UE estimated by AoD from gNB

	Network synchronization assumptions
	Ideal

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	Beam sweeping at TX and RX are implemented and alignment is established between gNB TX and UE RX beam

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	None

	Additional notes, if any
	-No PDSCH are transmitted during positioning process in the evaluation
-Antenna parameters follow the assumptions in TR 38.855



 Simulation assumptions are shown in Table 1. The indoor open office scenario in FR2 was assumed in the simulation and 2-step estimation shown in Figure 1 was evaluated. Two methods were used to estimate the distance between gNB and UE. 



Method 1: Power Attenuation based distance estimation
Firstly, measurements on attenuation of transmitted power were used to estimate the distance. It is assumed that UE has knowledge of transmit power and UE estimates the distanced between UE and base station from power attenuation observed from received power. The method here may not yield satisfactory performance in the presence of multi-path. 

Method 2: Beam based distance estimation
Alternatively, for beam based method, based on the zenith angle of selected beam at gNB and height difference between UE and gNB, distance of between UE and gNB can be estimated. An illustration of the proposed method for distance estimation is shown below. 
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Figure 2 Distance estimation between gNB and UE using selected beam

Distance between US and BS was estimated using the height difference between UE and gNB and zenith angle of the selected beam. Calculation of the distance is illustrated in Figure 3.
 The evaluation results are presented in Figure 2. From the figure it is clear that power based method yields inferior results compared to beam based estimation of the distance. In addition, angle estimation is improved by the 2-step approach using both SSB and PRS. At CDF=80%, positioning accuracy can be improved by 5 meters using both PRS and SSB, compared to the method using SSB only. In addition, compared to the power attenuation-based distance estimation method, beam based distance method yields approximately 2.5 meters performance gain. Power attenuation based method using SSB is not included in the performance due to its poor performance.
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Figure 3 CDF of UE position horizontal estimation error

Conclusion 
In this contribution we make the following observations and proposal:

Observation 1: Beam based distance estimation is more accurate compared to power attenuation based distance estimation

Observation 2: Using both PRS and SSB, angle estimation can be improved compared to the method using SSB only.

Proposal 1: Capture text proposal in the appendix
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Appendix

8.3 Downlink+uplink evaluations
8.3.1 System simulations for Scenario 1 – Indoor Open Office
8.3.1.1 Results from [source A]

--------------------- Start TP ------------------------------
The parameters corresponding to the results are listed in Table 1 below.

Table 1 Simulation parameters (DL & UL)
	Parameter
	[Mitsubishi Electric, Indoor open office, FR2]

	Channel model (baseline, otherwise state any modifications)
	Indoor office from TR 38.901

	Carrier frequency 
	30GHz

	Subcarrier spacing
	120kHz

	Reference Signal Transmission Bandwidth
	100MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	SSB as defined in TS 38.211
PRS occupying 12 REs 

	Reference signal (type of sequence, number of ports, …) 
	PN sequence for PRS

	Number of sites
	[bookmark: _GoBack]12 sites, 36 sectors

	Number of symbols used per occasion
	1 (PRS)

	number of occasions used per positioning estimate
	64

	Power-boosting level
	0dB

	Uplink power control (applied/not applied)
	Not applied

	interference modelling (ideal muting, or other)
	Ideal muting

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

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	Distance estimated by power attenuation (Method 1) or beam spot based distance estimation (Method 2), angle of UE estimated by AoD from gNB, as shown below.
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	Network synchronization assumptions
	Ideal

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	Beam sweeping at TX and RX are implemented and alignment is established between gNB TX and UE RX beam

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	None

	Additional notes, if any
	-No PDSCH are transmitted during positioning process in the evaluation
-Antenna parameters follow the assumptions in TR 38.855
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Figure 1 : UE position horizontal estimation error


-------------------- End TP ------------------------------
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