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Appendix B: TR skeleton for section 8

Evaluation Results of NR Positioning 
Editor’s Note: To be determined. Evaluate physical layer design options, measurements, and/or any additional impacts or enhancements, as applicable per technology, for RAT-dependent and RAT-independent positioning systems, including suitable frequencies and signals.
Downlink evaluations
System simulations for Scenario 1 – Indoor Open Office
Results from CATT [R1-1903222]
--------------------- Start TP ------------------------------
The parameters corresponding to the results are listed in Table 1 below.
Table 1 Parameters for Downlink evaluations in Scenario 1
	Parameter
	CATT (R1-1903222)


	Channel model (baseline, otherwise state any modifications)
	According to 3GPP TR 38.901 (Indoor Open Office)

	Carrier frequency 
	4GHz

	Subcarrier spacing
	15KHz

	Reference Signal Transmission Bandwidth
	5MHz, 50MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	New NR PRS based on the modification of LTE PRS. NR PRS REs are mapped in frequency domain evenly to all subcarriers in the PRS OFDM symbols. The detail of the mapping is presented in R1-1901980.

	Reference signal (type of sequence, number of ports, …) 
	Length-31 Gold sequence, 1 port

	Number of sites
	12 sectors / 12 sites. Up to 6 sites used for OTDOA

	Number of symbols used per occasion
	13

	number of occasions used per positioning estimate
	1

	Power-boosting level
	7.78dB (10*log10(6) = 7.78)

	Uplink power control (applied/not applied)
	N/A

	interference modelling (ideal muting, or other)
	Ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	No super resolution, and no interference cancellation

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	Chan's algorithm
"A simple and efficient estimator for Hyperbolic location", Y.T. Chan and K.C. Ho, IEEE transactions on signal processing, vol.42, no. 8, August 1994.

	Network synchronization assumptions
	Perfect synchronization.

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	Wide Tx beam without beam sweeping is assumed. No Rx beam sweeping.

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Tx: 64 antenna elements
Rx: 4 antenna elements
codebook: 64*1 precoder used to generate widebeam

	Additional notes, if any
	



The results corresponding to the Indoor open office scenario are provided below
Table 2 results for downlink methods evaluations of Scenario 1 – Indoor Open Office (editor’s note: white columns are agreed error percentile, grey columns are examples of additional results)
	Percentile
	10
	20
	30
	40
	50
	60
	67
	70
	80
	90
	95

	[5Mhz: OTDOA ]
	
	
	
	
	13.1
	
	17.1
	
	22.0
	28.9
	

	[50Mhz: OTDOA ]
	
	
	
	
	7.8
	
	10.5
	
	13.2
	17.5
	





-------------------- End TP ------------------------------
System simulations for Scenario 2 - Umi 
Results from CATT [R1-1903222]
--------------------- Start TP ------------------------------
The parameters corresponding to the results are listed in  table 1 below.
Table 1 Parameters for Downlink evaluations in Scenario 2
	Parameter
	CATT (R1-1903222)

	Channel model (baseline, otherwise state any modifications)
	According to 3GPP TR 38.901 (UMi Street Canyon)

	Carrier frequency 
	4GHz

	Subcarrier spacing
	15KHz

	Reference Signal Transmission Bandwidth
	5MHz, 50MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	New NR PRS based on the modification of LTE PRS. NR PRS REs are mapped in frequency domain evenly to all subcarriers in the PRS OFDM symbols. The detail of the mapping is presented in R1-1901980.


	Reference signal (type of sequence, number of ports, …) 
	Length-31 Gold sequence
1 port

	Number of sites
	[bookmark: _GoBack]57 sectors / 19 sites,
Up to 6 sites used for OTDOA

	Number of symbols used per occasion
	13

	number of occasions used per positioning estimate
	1

	Power-boosting level
	7.78dB (10*log10(6) = 7.78)

	Uplink power control (applied/not applied)
	N/A

	interference modelling (ideal muting, or other)
	Ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	
No super resolution, and no interference cancellation

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	Chan's algorithm
"A simple and efficient estimator for Hyperbolic location", Y.T. Chan and K.C. Ho, IEEE transactions on signal processing, vol.42, no. 8, August 1994.

	Network synchronization assumptions
	Perfect synchronization.

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	Wide Tx beam without beam sweeping is assumed. No Rx beam sweeping.

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Tx: 64 antenna elements
Rx: 4 antenna elements
codebook: 64*1 precoder used to generate widebeam

	Additional notes, if any
	



The results corresponding to the UMi Street Canyon scenario are provided below
Table 2 results for downlink methods evaluations of Scenario 2 –UMi (editor’s note: white columns are agreed error percentile, grey columns are examples of additional results)
	Percentile
	10
	20
	30
	40
	50
	60
	67
	70
	80
	90
	95

	[5Mhz: OTDOA ]
	
	
	
	
	25.9
	
	31.9
	
	38.5
	49.9
	

	[50Mhz: OTDOA ]
	
	
	
	
	14.4
	
	18.2
	
	22.2
	25.1
	



-------------------- End TP ------------------------------
System simulations for Scenario 3 - Uma
Results from CATT [R1-1903222]
[bookmark: _Hlk536795586]--------------------- Start TP ------------------------------
The parameters corresponding to the results are listed in  table 1 below.
Table 1 Parameters for Downlink evaluations in Scenario 3
	Parameter
	CATT (R1-1903222)



	Channel model (baseline, otherwise state any modifications)
	According to 3GPP TR 38.901 (Uma)

	Carrier frequency 
	4GHz

	Subcarrier spacing
	15KHz

	Reference Signal Transmission Bandwidth
	5MHz, 50MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	New NR PRS based on the modification of LTE PRS. NR PRS REs are mapped in frequency domain evenly to all subcarriers in the PRS OFDM symbols. The detail of the mapping is presented in R1-1901980.


	Reference signal (type of sequence, number of ports, …) 
	

Length-31 Gold sequence
1 port

	Number of sites
	57 sectors / 19 sites,
Up to 6 sites used for OTDOA

	Number of symbols used per occasion
	13

	number of occasions used per positioning estimate
	1

	Power-boosting level
	7.78dB (10*log10(6) = 7.78)

	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, ….)
	
No super resolution, and no interference cancellation

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	Chan's algorithm
"A simple and efficient estimator for Hyperbolic location", Y.T. Chan and K.C. Ho, IEEE transactions on signal processing, vol.42, no. 8, August 1994.

	Network synchronization assumptions
	Perfect synchronization.

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	Wide Tx beam without beam sweeping is assumed. No Rx beam sweeping.

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Tx: 64 antenna elements
Rx: 4 antenna elements
codebook: 64*1 precoder used to generate widebeam

	Additional notes, if any
	



The results corresponding to the UMA scenario are provided below
Table 2 results for downlink methods evaluations of Scenario 3 –UMA (editor’s note: white columns are agreed error percentile, grey columns are examples of additional results)
	Percentile
	10
	20
	30
	40
	50
	60
	67
	70
	80
	90
	95

	[5Mhz: OTDOA ]
	
	
	
	
	34.9
	
	48.4
	
	65.5
	90.9
	

	[50Mhz: OTDOA ]
	
	
	
	
	8.8
	
	13.3
	
	19.1
	33.7
	



-------------------- End TP ------------------------------
Uplink evaluations
8.2.1 System simulations for Scenario 2 - Umi 
Results from CATT[R1-1903222]
--------------------- Start TP ------------------------------
The parameters corresponding to the results are listed in table 1 below.
Table 1 Parameters for Uplink evaluations in Scenario 2
	Parameter
	CATT (R1-1903222)


	Channel model (baseline, otherwise state any modifications)
	According to 3GPP TR 38.901 (UMi Street Canyon)

	Carrier frequency 
	4GHz

	Subcarrier spacing
	15KHz

	Reference Signal Transmission Bandwidth
	5MHz, 50MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	NR SRS, Comb=4

	Reference signal (type of sequence, number of ports, …) 
	

ZC sequence
1 port

	Number of sites
	57 sectors / 19 sites,
Up to 6 sites used for UTDOA

	Number of symbols used per occasion
	4

	number of occasions used per positioning estimate
	1

	Power-boosting level
	6dB (10*log10(4) = 6)

	Uplink power control (applied/not applied)
	Not applied, and UE power is fixed to 23dBm

	interference modelling (ideal muting, or other)
	Ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	
No super resolution, and no interference cancellation

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	Chan's algorithm
"A simple and efficient estimator for Hyperbolic location", Y.T. Chan and K.C. Ho, IEEE transactions on signal processing, vol.42, no. 8, August 1994.

	Network synchronization assumptions
	Perfect synchronization.

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	 Not applied

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	 Not applied

	Additional notes, if any
	



The results corresponding to the UMi Street Canyon scenario are provided below
Table 2 results for downlink methods evaluations of Scenario 2 –UMi (editor’s note: white columns are agreed error percentile, grey columns are examples of additional results)
	Percentile
	10
	20
	30
	40
	50
	60
	67
	70
	80
	90
	95

	[5Mhz: UTDOA ]
	
	
	
	
	25.4
	
	44.8
	
	63.6
	82.5
	

	[50Mhz: UTDOA ]
	
	
	
	
	20.1
	
	29.5
	
	34.2
	44.1
	



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