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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#95, several scenarios and simulation assumptions has been agreed at least for NR RAT-dependent positioning. Based on the agreed simulation assumptions, some simulation results for OTDOA/UTDOA positioning techniques are shown for RAT-Dependent positioning techniques in this contribution.
2. OTDOA evaluations
The parameters corresponding to the results are listed in the Appendix.
2.1	System simulations for indoor open office
The results corresponding to the Indoor open office scenario are provided below.
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Fig.1 CDF curve of positioning for OTDOA evaluations of Indoor open office: FR1 (left) and FR2 (right) 
Table 2-1 Accuracy results (m) for OTDOA evaluations for Indoor open office
	Percentile
	50%
	67%
	80%
	90%

	FR1 100M
	Perfect sync
	1.3
	1.9
	3.1
	6.3

	
	Sync. error 50ns
	18.9
	22.7
	31
	41.7

	FR2 400M
	Perfect sync
	0.31
	0.54
	0.80
	1.2

	
	Sync. error 50ns
	15.4
	18.7
	21.1
	24.5


2.2	System simulations for UMi
The results corresponding to the UMi scenario are provided below
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Fig.2 CDF curve of positioning for OTDOA evaluations of UMi: FR1 (left) and FR2 (right)  
Table 2-2 Accuracy results (m) for OTDOA evaluations of UMi
	Percentile
	50%
	67%
	80%
	90%

	FR1 100M
	Perfect sync
	0.82
	1.1
	1.4
	5.6

	
	Sync. error 50ns
	12.9
	15.6
	19.5
	25.2

	FR2 400M
	Perfect sync
	0.17
	0.25
	0.33
	1.2

	
	Sync. error 50ns
	12.7
	16.2
	19.6
	25.9


2.3	System simulations for UMa
The results corresponding to the UMa scenario are provided below
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Fig.3 CDF curve of positioning error for OTDOA evaluations of Uma in FR1
Table 2-3 Accuracy results (m) for OTDOA evaluations of UMa
	Percentile 
	50%
	67%
	80%
	90%

	perfect synchronization
	1.1
	2.6
	7.3
	21.7

	synchronization error (50ns)
	12.5
	17.4
	23.1
	42


Observation 1:
· With perfect gNB synchronization, the OTDOA positioning can meet the horizontal accuracy requirements in all deployments scenarios for commercial use case.
3. UTDOA evaluations
The parameters corresponding to the results are listed in the Appendix.
3.1	System simulations for Indoor open office
The results corresponding to the Indoor open office scenario are provided below.
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Fig.4 CDF curve of positioning for UTDOA evaluations of Indoor open office: FR1 (left) and FR2 (right)   
Table 3-1 Accuracy results (m) for UTDOA evaluations of Indoor open office
	Percentile
	50%
	67%
	80%
	90%

	FR1 100M
	Perfect sync
	1.4
	1.9
	3.2
	5.8

	
	Sync. error 50ns
	17
	22
	27
	41

	FR2 400M
	Perfect sync
	0.31
	0.48
	0.68
	1.1

	
	Sync. error 50ns
	14
	19
	22
	30


3.2	System simulations for UMi
The results corresponding to the UMi scenario are provided below.
[image: ][image: ]
Fig.5 CDF curve of positioning for UTDOA evaluations of UMi: FR1 (left) and FR2 (right)   
Table 3-2 Accuracy results (m) for UTDOA evaluations of UMi
	Percentile
	50%
	67%
	80%
	90%

	FR1 100M
	Perfect sync
	0.88
	1.3
	2.5
	21

	
	Sync. error 50ns
	13
	17
	23
	35

	FR2 400M
	Perfect sync
	0.23
	0.36
	2.0
	14

	
	Sync. error 50ns
	12
	16
	21
	31


3.3	System simulations for UMa
The results corresponding to the UMa scenario are provided below.
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Fig.6 CDF curve of positioning for UTDOA evaluations of UMa in FR1
Table 3-3 Accuracy results (m) for UTDOA evaluations of UMa
	Percentile (%)
	50%
	67%
	80%
	90%

	perfect synchronization
	1.6
	3.5
	14
	113

	synchronization error (50ns)
	14
	20
	32
	130


Observation 2:
· With perfect gNB synchronization, the UTDOA positioning can meet the horizontal accuracy requirements in UMi and Indoor scenarios for commercial use case.
· With perfect gNB synchronization, the UTDOA positioning cannot meet the horizontal accuracy requirements in UMa scenario for commercial use case,
4. Conclusion
In this contribution, based on the positioning simulation results above, some conclusions are reached:
Observation 1:
· With perfect gNB synchronization, the OTDOA positioning can meet the horizontal accuracy requirements in all deployments scenarios for commercial use case.
Observation 2:
· With perfect gNB synchronization, the UTDOA positioning can meet the horizontal accuracy requirements in UMi and Indoor scenarios for commercial use case.
· With perfect gNB synchronization, the UTDOA positioning cannot meet the horizontal accuracy requirements in UMa scenario for commercial use case,
References
[1] Chairman’s notes for 3GPP TSG RAN WG1 Meeting 95bis, Spokane, USA, 12 –16th November, 2018
Appendix TPs for TR
8.1 Downlink evaluations
8.1.1 System simulations for Scenario 1 – Indoor Open Office
8.1.1.x Results from [source A]
--------------------- Start TP ------------------------------
The parameters corresponding to the results are listed in table 8.1.1.x-1 below.
Table 8.1.1.x-1 Parameters for OTDOA evaluations
	Parameter
	R1-1901717

	Channel model (baseline, otherwise state any modifications)
	baseline

	Carrier frequency 
	4 GHz for FR1
30 GHz for FR2

	Subcarrier spacing
	30 kHz for FR1
120 kHz for FR2

	Reference Signal Transmission Bandwidth
	100 MHz for FR1
400 MHz for FR2

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	LTE PRS within a slot 
(comb-6 frequency structure, 8 symbols within a slot)

	Reference signal (type of sequence, number of ports, …) 
	1 port, QPSK-PN sequence

	Number of sites
	5

	Number of symbols used per occasion
	8

	number of occasions used per positioning estimate
	1

	Power-boosting level
	7.78 dB

	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, ….)
	Threshold-based ToA estimation method

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

	Network synchronization assumptions
	Perfect/50ns

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

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	N/A

	UE type
	Indoor UEs for Indoor open office

	Additional notes, if any
	only LOS path  to calculate ToA



The results corresponding to the Indoor open office scenario are provided below
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Fig. 8.1.1.x CDF curve of positioning for OTDOA evaluations of Indoor open office: FR1 (left) and FR2 (right) 
Table 8.1.1.x-2 Accuracy results (m) for OTDOA evaluations for Indoor open office
	Percentile
	50%
	67%
	80%
	90%

	FR1 100M
	Perfect sync
	1.3
	1.9
	3.1
	6.3

	
	Sync. error 50ns
	18.9
	22.7
	31
	41.7

	FR2 400M
	Perfect sync
	0.31
	0.54
	0.80
	1.2

	
	Sync. error 50ns
	15.4
	18.7
	21.1
	24.5


-------------------- End TP ------------------------------
8.1.2 System simulations for Scenario 2 - Umi 
8.1.2.y Results from [source A]
--------------------- Start TP ------------------------------
The parameters corresponding to the results are listed in table 8.1.2.y-1 below.
Table 8.1.2.y-1 Parameters for OTDOA evaluations
	Parameter
	R1-1901717

	Channel model (baseline, otherwise state any modifications)
	baseline

	Carrier frequency 
	4 GHz for FR1
30 GHz for FR2

	Subcarrier spacing
	30 kHz for FR1
120 kHz for FR2

	Reference Signal Transmission Bandwidth
	100 MHz for FR1
400 MHz for FR2

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	LTE PRS with a slot
(comb-6 frequency structure, 8 symbols within a slot)

	Reference signal (type of sequence, number of ports, …) 
	1 port, QPSK-PN sequence

	Number of sites
	5

	Number of symbols used per occasion
	8

	number of occasions used per positioning estimate
	1

	Power-boosting level
	7.78dB

	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, ….)
	Threshold-based ToA estimation method

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

	Network synchronization assumptions
	Perfect/50ns

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

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	N/A

	UE type
	Outdoor UEs for UMi


	Additional notes, if any
	only LOS path  to calculate ToA



The results corresponding to the UMi scenario are provided below
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Fig. 8.1.2.y CDF curve of positioning for OTDOA evaluations of UMi: FR1 (left) and FR2 (right)  
Table 8.1.2.y-2 Accuracy results (m) for OTDOA evaluations of UMi
	Percentile
	50%
	67%
	80%
	90%

	FR1 100M
	Perfect sync
	0.82
	1.1
	1.4
	5.6

	
	Sync. error 50ns
	12.9
	15.6
	19.5
	25.2

	FR2 400M
	Perfect sync
	0.17
	0.25
	0.33
	1.2

	
	Sync. error 50ns
	12.7
	16.2
	19.6
	25.9



-------------------- End TP ------------------------------
8.1.3 System simulations for Scenario 3 - Uma
8.1.3.z Results from [source A]
[bookmark: _Hlk536795586]--------------------- Start TP ------------------------------
The parameters corresponding to the results are listed in table 8.1.3.z-1 below.
Table 8.1.3.z-1 Parameters for OTDOA evaluations
	Parameter
	R1-1901717

	Channel model (baseline, otherwise state any modifications)
	baseline

	Carrier frequency 
	4 GHz for FR1


	Subcarrier spacing
	30 kHz for FR1


	Reference Signal Transmission Bandwidth
	100 MHz for FR1


	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	LTE PRS within a slot
(comb-6 frequency structure, 8 symbols within a slot)

	Reference signal (type of sequence, number of ports, …) 
	1 port, QPSK-PN sequence

	Number of sites
	5

	Number of symbols used per occasion
	8

	number of occasions used per positioning estimate
	1

	Power-boosting level
	7.78 dB

	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, ….)
	Threshold-based ToA estimation method

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

	Network synchronization assumptions
	Perfect/50ns

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

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	N/A

	UE type
	Outdoor UEs for UMa


	Additional notes, if any
	only LOS path  to calculate ToA



The results corresponding to the UMa scenario are provided below
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Fig. 8.1.3.z CDF curve of positioning error for OTDOA evaluations of Uma in FR1
Table 8.1.3.z-2 Accuracy results (m) for OTDOA evaluations of UMa
	Percentile 
	50%
	67%
	80%
	90%

	perfect synchronization
	1.1
	2.6
	7.3
	21.7

	synchronization error (50ns)
	12.5
	17.4
	23.1
	42


Observation 1:
· With perfect gNB synchronization, the OTDOA positioning can meet the horizontal accuracy requirements in all deployments scenarios for commercial use case.
-------------------- End TP ------------------------------
8.2 Uplink evaluations
8.2.1 System simulations for Scenario 1 – Indoor Open Office
8.2.1.x Results from [source A]
--------------------- Start TP ------------------------------
The parameters corresponding to the results are listed in table 8.2.1.x-1 below.
Table 8.2.1.x-1 Parameters for UTDOA evaluations
	Parameter
	R1-1901717

	Channel model (baseline, otherwise state any modifications)
	baseline

	Carrier frequency 
	4 GHz for FR1
30 GHz for FR2

	Subcarrier spacing
	30 kHz for FR1
120 kHz for FR2

	Reference Signal Transmission Bandwidth
	100 MHz for FR1
400 MHz for FR2

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	SRS
comb-4 frequency structure
4 symbols within a slot
No sequence/group/frequency hopping 

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

	Number of sites
	5

	Number of symbols used per occasion
	4

	number of occasions used per positioning estimate
	1

	Power-boosting level
	6 dB

	Uplink power control (applied/not applied)
	not applied

	interference modelling (ideal muting, or other)
	No interference 

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Threshold-based ToA estimation method

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

	Network synchronization assumptions
	Perfect/50ns

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

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	N/A

	UE type 
	Indoor UEs for Indoor open office

	Additional notes, if any
	only LOS path  to calculate ToA




The results corresponding to the Indoor open office scenario are provided below.
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Fig. 8.2.1.x CDF curve of positioning for UTDOA evaluations of Indoor open office: FR1 (left) and FR2 (right)   
Table 8.2.1.x-2 Accuracy results (m) for UTDOA evaluations of Indoor open office
	Percentile
	50%
	67%
	80%
	90%

	FR1 100M
	Perfect sync
	1.4
	1.9
	3.2
	5.8

	
	Sync. error 50ns
	17
	22
	27
	41

	FR2 400M
	Perfect sync
	0.31
	0.48
	0.68
	1.1

	
	Sync. error 50ns
	14
	19
	22
	30


-------------------- End TP ------------------------------
8.2.2 System simulations for Scenario 2 - Umi 
8.2.2.y Results from [source A]
--------------------- Start TP ------------------------------
The parameters corresponding to the results are listed in table 8.2.2.y-1 below.
Table 8.2.2.y-1 Parameters for UTDOA evaluations
	Parameter
	R1-1901717

	Channel model (baseline, otherwise state any modifications)
	baseline

	Carrier frequency 
	4 GHz for FR1
30 GHz for FR2

	Subcarrier spacing
	30 kHz for FR1
120 kHz for FR2

	Reference Signal Transmission Bandwidth
	100 MHz for FR1
400 MHz for FR2

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	SRS
comb-4 frequency structure
4 symbols within a slot
No sequence/group/frequency hopping 

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

	Number of sites
	5

	Number of symbols used per occasion
	4

	number of occasions used per positioning estimate
	1

	Power-boosting level
	6 dB

	Uplink power control (applied/not applied)
	not applied

	interference modelling (ideal muting, or other)
	No interference 

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Threshold-based ToA estimation method

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

	Network synchronization assumptions
	Perfect/50ns

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

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	N/A

	UE type 
	Outdoor UEs for UMi


	Additional notes, if any
	only LOS path  to calculate ToA




The results corresponding to the UMi scenario are provided below.
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Fig. 8.2.2.y CDF curve of positioning for UTDOA evaluations of UMi: FR1 (left) and FR2 (right)   
Table 8.2.2.y-2 Accuracy results (m) for UTDOA evaluations of UMi
	Percentile
	50%
	67%
	80%
	90%

	FR1 100M
	Perfect sync
	0.88
	1.3
	2.5
	21

	
	Sync. error 50ns
	13
	17
	23
	35

	FR2 400M
	Perfect sync
	0.23
	0.36
	2.0
	14

	
	Sync. error 50ns
	12
	16
	21
	31


-------------------- End TP ------------------------------
8.2.3 System simulations for Scenario 3 - Uma
8.2.3.z Results from [source A]
--------------------- Start TP ------------------------------
The parameters corresponding to the results are listed in table 8.2.3.z-1 below.
Table 8.2.3.z-1 Parameters for UTDOA evaluations
	Parameter
	R1-1901717

	Channel model (baseline, otherwise state any modifications)
	baseline

	Carrier frequency 
	4 GHz for FR1


	Subcarrier spacing
	30 kHz for FR1


	Reference Signal Transmission Bandwidth
	100 MHz for FR1


	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	SRS
comb-4 frequency structure
4 symbols within a slot
No sequence/group/frequency hopping 

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

	Number of sites
	5

	Number of symbols used per occasion
	4

	number of occasions used per positioning estimate
	1

	Power-boosting level
	6 dB

	Uplink power control (applied/not applied)
	not applied

	interference modelling (ideal muting, or other)
	No interference 

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Threshold-based ToA estimation method

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

	Network synchronization assumptions
	Perfect/50ns

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

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	N/A

	UE type 
	Outdoor UEs for UMa 

	Additional notes, if any
	only LOS path  to calculate ToA




The results corresponding to the UMa scenario are provided below.
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Fig. 8.2.3.z CDF curve of positioning for UTDOA evaluations of UMa in FR1
Table 8.2.3.z-2 Accuracy results (m) for UTDOA evaluations of UMa
	Percentile (%)
	50%
	67%
	80%
	90%

	perfect synchronization
	1.6
	3.5
	14
	113

	synchronization error (50ns)
	14
	20
	32
	130


Observation 2:
· With perfect gNB synchronization, the UTDOA positioning can meet the horizontal accuracy requirements in UMi and Indoor scenarios for commercial use case.
· [bookmark: _GoBack]With perfect gNB synchronization, the UTDOA positioning cannot meet the horizontal accuracy requirements in UMa scenario for commercial use case,

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