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1	Introduction
At RAN1#95 meeting following three scenarios were agreed for the Rel. 16 NR positioning study item [3]:
· Scenario 1: Indoor Open Office
· Scenario 2: Urban Micro
· Scenario 3: Urban Macro
In this contribution, we show simulation-based evaluations of Observed Time Difference of Arrival (OTDOA) based positioning accuracy in urban micro, and indoor open office scenarios. indoor open office, urban micro, and urban macro scenarios.
[bookmark: _Ref178064866]2	Evaluation Scenario Setup and Reference Signals for Positioning
2.1 Evaluation scenarios and setup
As agreed in TR38.855, we consider network setup with 7 base stations for urban micro and macro, and 12 base station setup for indoor open office scenario. Scenario specific parameters are driven from TR38.855 scenario specific precoders are designed to exploit the agreed multiantenna setup as elaborated in the upcoming subsections.

2.1.1 Indoor open office
Based on the agreement, for indoor open office FR1 simulations, an omni directional antenna configuration is used. For the FR2 simulations, the multi-panel antenna with the configuration (M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH=dV=0.5λ is exploited in conjunction with a precoder to provide a sector wide beam. The FR2 precoder takes form as:
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Fig.1, Representation of dual polarized dual panel antenna configuration.

The selection of polarization is done as one of , , .


2.1.2. Urban Micro:
For urban micro scenario, antenna panel configurations (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1), (dH, dV) = (0.5, 0.8)λ (FR1) and (M, N, P, Mg, Ng) = (4, 8, 2, 2, 2), (dH, dV) = (0.5, 0.5)λ, (dg,H,dg,V) = (4.0, 2.0)λ (FR2) were agreed. For FR1, precoder similar to Fig. 1 is used. For FR2 following precoder is used to generate a sector wide beam.
[image: ]
Fig.2, Representation of dual polarized dual panel antenna setup for urban micro FR2.

The selection of polarization is done as one of , , .

2.1. Urban Macro:
For urban macro scenario, it was agreed to use gNB antenna configuration as (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1), (dH, dV) = (0.5, 0.8)λ. Among the 64 dual polarized antenna elements, we consider the following precoder and exploit only 4 antenna elements to a provide a sector wide beam.
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Fig.3, Representation of dual polarized 64 antenna element antenna panel.
The polarization selection is done by selecting as one of , , 
2.2. Reference signals for positioning
For the time of arrival estimation, the following downlink signals are considered to estimate Time of Arrival (TOA) to enable evaluations of OTDOA in all scenarios and setups. A detailed description of the signals is provided in [1].
· TRS as illustrated by Figure 2 and defined by Table 1 and 2 in [1]
· extended TRS as illustrated by Figure 3 in [1]
· NR PRS as a staggered comb-6 signal as illustrated by Figure 5 in [1]

For the UTDOA based positioning in indoor open office scenario and setup, SRS signal is used. A detailed elaboration of the considered SRS signal can be found in [2].
3	System Level Simulation Results
In this section we present the system level simulations for all scenarios. For urban macro and urban micro scenarios numerical validation of OTDOA based positioning method using all 3 reference signals mentioned in section 2.2 is reported. For indoor open office scenario, simulation results for UTDOA (exploiting SRS) along with OTDOA is reported. 

For a fair comparison between the performance of the TRS, extended TRS and NR PRS signals, we consider following configurations:

· TRS: 9 occasions, 2 slot configuration, total number of symbols: 9*2*2(symbols in each slot) = 36.
· Extended TRS: 9 occasions, 1 slot configuration, total number of symbols: 9*1*4 (symbols in each slot) = 36.
· NR PRS: 3 occasions, 1 slot configuration, total number of symbols: 3*1*12 (symbols in each slot) = 36. 
· SRS: 9 occasions, 1 slot configuration, total number of symbols: 9*1*4(symbols in each slot) = 36.
Signal specific power boosting and network synchronization error are not considered in the simulations. Simulations are done considering both ideal and no-muting assumptions for the indoor office scenario. For the urban micro and macro, simulation results corresponding to the ideal muting are only presented. Furthermore, to enhance precision in the TOA estimation interpolation based numerical validations are shown for indoor open office and urban micro scenarios. Finally, evaluation of interference effects are also presented. In that case, the interference sources are gnodeBs colliding with each other (no ideal muting). 
3.1 Scenario 1 - Indoor Open Office Scenario
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Fig. 4, Positioning estimation error in indoor open office (2 GHz).

Table 1: FR1 (2 GHz) positioning accuracy summary in indoor open office scenario with ideal muting.

	Bandwidth configuration
	50%
TRS/Extended TRS/ NR PRS
(m)
	67%
TRS/Extended TRS/ NR PRS
(m)
	80%
TRS/Extended TRS/ NR PRS
(m)
	90%
TRS/Extended TRS/ NR PRS
(m)

	2 GHz, 50 MHz
	3.507/3.528/3.518
	5.315/5.342/5.315
	7.99/8.08/8.242
	13.166/9.684/10.82
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Fig.5, FR1(4 GHz) positioning accuracy in indoor open office scenario, bandwidth = 100MHz.


Table 2: Positioning accuracy summary in indoor open office scenario with and without interpolation (BW=100MHz, carrier=4GHz).

	Interpolation
	50%
TRS/Extended TRS/ NR PRS
(m)
	67%
TRS/Extended TRS/ NR PRS
(m)
	80%
TRS/Extended TRS/ NR PRS
(m)
	90%
TRS/Extended TRS/ NR PRS
(m)

	Yes
	0.7/0.7/0.8
	1/1/1
	1.6/1.7/1.8
	2.6/2.7/2.7

	No
	2/2/1.9
	2.9/3/3.1
	4.5/4.6/4.8
	7.1/7.1/7.1
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Fig. 6, Positioning error FR1, 4 GHz, in indoor open office scenario (BW=100MHz, carrier=4GHz)..
Table 3: Positioning accuracy summary in indoor open office scenario with and without interference (BW=100MHz, carrier=4GHz).

	Interference
	50%
NR PRS
(m)
	67%
NR PRS
(m)
	80%
NR PRS
(m)
	90%
NR PRS
(m)

	No
	0.8
	1
	1.8
	2.7

	Yes
	9.5
	11.7
	13.6
	16.5
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Fig.7, Positioning error FR2, 30 GHz, in indoor open office scenario (BW=400MHz, carrier=30GHz)..

Table 4: Positioning accuracy summary in indoor open office scenario with and without interference.

	Interference
	50%
TRS/Extended TRS/ NR PRS
(m)
	67%
TRS/Extended TRS/ NR PRS
(m)
	80%
TRS/Extended TRS/ NR PRS
(m)
	90%
TRS/Extended TRS/ NR PRS
(m)

	No
	1.3/1.3/1.3
	1.9/1.9/1.9
	2.9/2.9/3
	4.8/4.6/5

	Yes
	1.3/1.4/1.1
	3.9/2.6/2.1
	8.3/6.4/5.3
	14.8/10/9.7



TRS, extended TRS, and NR PRS (as a staggered comb-6) signals are transmitted with equal positioning overhead provide comparable positioning accuracy.
Implementing resolution enhancement technique like interpolation improves TOA estimation.
Interference from neighbouring cells affects the positioning accuracy.
The use of a rather large number of orthogonal signals is required for precise TOA estimation, as can be achieved e.g. through a combination of time, frequency and code orthogonality.
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Fig.8, Positioning error FR1, 2 GHz, in indoor open office scenario using SRS in UL.


Table 5: Positioning accuracy summary in indoor open office scenario using SRS in UL .

	Bandwidth configuration
	50%
(m)
	67%
(m)
	80%
(m)
	90%
(m)

	2 GHz, 100 MHz
	1.677
	2.194
	2.99
	4.48




In an indoor open office scenario, UTDOA provides better accuracy than OTDOA.

3.1.2 Summary of results for indoor open office scenario
In this section we presented simulation results for the indoor office scenario and observe that TOA estimation accuracy can be enhanced by exploiting technique like interpolation. For 80% of the UEs the positioning accuracy was improved by a factor of 2 when the received signal was interpolated by a factor of 4 before TOA estimation. Furthermore, we also observe that if all cells are broadcasting reference signal for positioning within the same occasion then the reference signals from different cells interfere each other and hinder precise TOA estimation for accurate positioning. The problem is more prominent in FR1 where we have better link budget than in FR2. To overcome this, an optimum muting pattern is required to maintain orthogonality between the cells that are transmitting the reference signal using same frequency resource.
3.2 Scenario 2 - Urban Micro Scenario
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Fig. 9, FR1 (2 GHz) positioning error in urban micro scenario.

Table 6: FR1 (2 GHz) positioning accuracy summary in urban micro scenario.

	Bandwidth
	50%
TRS/Extended TRS/ NR PRS
(m)
	67%
TRS/Extended TRS/ NR PRS
(m)
	80%
TRS/Extended TRS/ NR PRS
(m)
	90%
TRS/Extended TRS/ NR PRS
(m)

	2 GHz, 50 Mhz
	3.2/3.1/3.3
	4.4/4.2/4.3
	6.2/6/5.8
	8.4/8.4/8.1



10 m accuracy requirement is met for the 80% of the UE in an urban micro deployment.
[image: ]

Fig.10, FR1 (4 GHz) positioning accuracy in urban micro scenario.

Table 7: FR1 positioning accuracy summary in indoor open office scenario with and without interpolation.

	Interpolation
	50%
TRS/Extended TRS/ NR PRS
(m)
	67%
TRS/Extended TRS/ NR PRS
(m)
	80%
TRS/Extended TRS/ NR PRS
(m)
	90%
TRS/Extended TRS/ NR PRS
(m)

	Yes
	1.3/1.3/1.4
	2/2.1/2.3
	3.4/3.4/3.7
	5.5/5/6.2

	No
	1.9/1.9/1.9
	2.8/2.8/2.9
	4.5/4.4/4.8
	7.3/7/8




3.2.2 Summary of results for urban micro scenario	
In this section we presented simulation results for urban micro scenario and observe that 10 m horizontal positioning accuracy for 80% of the UE can be satisfied by the studied downlink reference signals. 



3.3 Scenario 3 - Urban Macro Scenario
In this section, simulation results for urban macro scenario for FR1 is reported.

[image: ]

Fig. 11, Positioning accuracy in urban macro scenario.

Table 8: Positioning accuracy summary of FR1,2 GHz, 10 MHz TRS in urban macro scenario.
	Bandwidth configuration
	50%
(m)
	67%
(m)
	80%
(m)
	90%
(m)

	2 GHz, 10 MHz
	18.08
	24.59
	31.29
	46.15






TRS with 10 MHz bandwidth in FR1 is enough to satisfy FCC positioning requirement for horizontal accuracy in an urban macro scenario.
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Fig.12, Positioning accuracy in FR1, 2 GHz, in urban macro scenario.

Table 9: Positioning accuracy summary in urban macro scenario.
	Bandwidth configuration
	50%
TRS/Extended TRS/ NR PRS (m)
	67%
TRS/Extended TRS/ NR PRS
(m)
	80%
TRS/Extended TRS/ NR PRS
(m)
	90%
TRS/Extended TRS/ NR PRS
(m)

	2 GHz, 50 MHz
	8.225/7.913/8.558
	13.74/13.07/14.05
	22.48/20.58/23.13
	38.09/36.01/38.72




3.3.2 Summary of results for urban macro scenario
In this section we presented the simulation results for urban macro scenario and observe that FCC requirement for emergency call positioning can be met with TRS and the proposed extended TRS and NR PRS signal of 50 MHz bandwidth.


4	Conclusion
In the previous section we made the following observations:

Observation 1: TRS, extended TRS, and NR PRS (as a staggered comb-6) signals are transmitted with equal positioning overhead provide comparable positioning accuracy.
Observation 2: Implementing resolution enhancement technique like interpolation improves TOA estimation.
Observation 3: Interference from neighbouring cells affects the positioning accuracy. 
Observation 4: In an indoor open office scenario, UTDOA provides better accuracy than OTDOA.
Observation 5: 10 m accuracy requirement is met for the 80% of the UE in an urban micro deployment.
Observation 6: TRS with 10 MHz bandwidth in FR1 is enough to satisfy FCC positioning requirement for horizontal accuracy in an urban macro scenario.
Proposal 1: Muting pattern in addition to signal design is required for precise TOA estimation.
Based on the observations we conclude that, TRS provides positioning capability to satisfy FCC requirement on localizing an emergency call. Furthermore, two new reference signals are proposed and evaluated to show that they are equally performing under the simulation settings and at equal positioning overhead. However, in a situation when the cells are transmitting reference signal using the same frequency resource, they interfere each other and degrade the positioning accuracy. To overcome this shortcoming, an optimum muting pattern is required to maintain orthogonality between the signals from the cells transmitting in the same frequency resource.
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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.
8.1 Downlink evaluations
8.1.1 System simulations for Scenario 1 – Indoor Open Office
8.1.1.1 Results from [source A]
--------------------- Start TP ------------------------------
The parameters corresponding to the results in FR 1are listed in  table 1 below.
Table 1 Parameters for Downlink evaluations in Scenario 1, FR1
	Parameter
	Source 1
	Source 2
	Source 3
	Source 4
	Source 5
	Source 6
	Source 7
	Source 8
	Source 9
	Source 10

	Channel model (baseline, otherwise state any modifications)
	IOO  FR1
	IOO  FR1
	IOO  FR1
	IOO  FR1
	IOO  FR1
	IOO  FR1
	IOO  FR1
	IOO  FR1
	IOO  FR1
	IOO  FR1

	Carrier frequency 
	2GHz
	2GHz
	2GHz
	4GHz
	4GHz
	4GHz
	4GHz
	4GHz
	4GHz
	4GHz

	Subcarrier spacing
	15khz
	15khz
	15khz
	15khz
	15khz
	15khz
	15khz
	15khz
	15khz
	15khz

	Reference Signal Transmission Bandwidth
	50MHz
	50MHz
	50MHz
	100MHz
	100MHz
	100MHz
	100MHz
	100MHz
	100MHz
	100MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	TRS,comb 4, 9 occasions, 2 slot, 2 symbols per slot configuration
	Extended TRS: 9 occasions, 1 slot, 4 symbols per slot configuration
	NR PRS: 3 occasions, 1 slot configuration, 12 symbols per slot
	TRS,comb 4, 9 occasions, 2 slot, 2 symbols per slot configuration
	Extended TRS: 9 occasions, 1 slot, 4 symbols per slot configuration
	NR PRS: 3 occasions, 1 slot configuration, 12 symbols per slot
	TRS,comb 4, 9 occasions, 2 slot, 2 symbols per slot configuration
	Extended TRS: 9 occasions, 1 slot, 4 symbols per slot configuration
	NR PRS: 3 occasions, 1 slot configuration, 12 symbols per slot
	NR PRS: 3 occasions, 1 slot configuration, 12 symbols per slot

	Reference signal (type of sequence, number of ports, …) 
	1 port, TRS
	1 port extended TRS
	1port PRS
	1 port, TRS
	1 port extended TRS
	1port PRS
	1 port, TRS
	1 port extended TRS
	1port PRS
	1port PRS

	Number of sites
	7
	7
	7
	7
	7
	7
	7
	7
	7
	7

	Number of symbols used per occasion
	4
	4
	12
	4
	4
	12
	4
	4
	12
	12

	number of occasions used per positioning estimate
	9
	9
	3
	9
	9
	3
	9
	9
	3
	3

	Power-boosting level
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Uplink power control (applied/not applied)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	interference modelling (ideal muting, or other)
	none
	none
	none
	none
	none
	none
	none
	none
	none
	Inter-ference added

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	 
	 
	 
	 
	 
	 
	Interpo-lation added
	Interpo-lation added
	Interpo-lation added
	Interpo-lation added

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

	Network synchronization assumptions
	no error
	no error
	no error
	no error
	no error
	no error
	no error
	no error
	no error
	no error

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

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	horizontal wide beam with same pattern  in  Table 6.1.1-3. vertical pattern as shown in R1-1901198
	horizontal wide beam with same pattern  in  Table 6.1.1-3. vertical pattern as shown in R1-1901198
	horizontal wide beam with same pattern  in  Table 6.1.1-3. vertical pattern as shown in R1-1901198
	horizontal wide beam with same pattern  in  Table 6.1.1-3. vertical pattern as shown in R1-1901198
	horizontal wide beam with same pattern  in  Table 6.1.1-3. vertical pattern as shown in R1-1901198
	horizontal wide beam with same pattern  in  Table 6.1.1-3. vertical pattern as shown in R1-1901198
	horizontal wide beam with same pattern  in  Table 6.1.1-3. vertical pattern as shown in R1-1901198
	horizontal wide beam with same pattern  in  Table 6.1.1-3. vertical pattern as shown in R1-1901198
	horizontal wide beam with same pattern  in  Table 6.1.1-3. vertical pattern as shown in R1-1901198
	horizontal wide beam with same pattern  in  Table 6.1.1-3. vertical pattern as shown in R1-1901198

	Additional notes, if any
	 
	 
	 
	 
	 
	 
	
	
	
	 



The results corresponding to the Indoor open office scenario are provided below
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Fig. 4, Positioning estimation error in indoor open office (2 GHz).

Table 2: FR1 (2 GHz) positioning accuracy summary in indoor open office scenario with ideal muting.

	Bandwidth configuration
	50%
TRS/Extended TRS/ NR PRS
(m)
	67%
TRS/Extended TRS/ NR PRS
(m)
	80%
TRS/Extended TRS/ NR PRS
(m)
	90%
TRS/Extended TRS/ NR PRS
(m)

	2 GHz, 50 MHz (source 1,2,3)
	3.507/3.528/3.518
	5.315/5.342/5.315
	7.99/8.08/8.242
	13.166/9.684/10.82
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Fig.5, FR1(4 GHz) positioning accuracy in indoor open office scenario, bandwidth = 100MHz.


Table 2: Positioning accuracy summary in indoor open office scenario with and without interpolation (BW=100MHz, carrier=4GHz).

	Interpolation
	50%
TRS/Extended TRS/ NR PRS
(m)
	67%
TRS/Extended TRS/ NR PRS
(m)
	80%
TRS/Extended TRS/ NR PRS
(m)
	90%
TRS/Extended TRS/ NR PRS
(m)

	Yes (source 7,8,9)
	0.7/0.7/0.8
	1/1/1
	1.6/1.7/1.8
	2.6/2.7/2.7

	No (source 4,5,6)
	2/2/1.9
	2.9/3/3.1
	4.5/4.6/4.8
	7.1/7.1/7.1
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Fig. 6, Positioning error FR1, 4 GHz, in indoor open office scenario (BW=100MHz, carrier=4GHz)..
Table 3: Positioning accuracy summary in indoor open office scenario with and without interference (BW=100MHz, carrier=4GHz).

	Interference
	50%
NR PRS
(m)
	67%
NR PRS
(m)
	80%
NR PRS
(m)
	90%
NR PRS
(m)

	No (source 9)
	0.8
	1
	1.8
	2.7

	Yes (source 10)
	9.5
	11.7
	13.6
	16.5



The parameters corresponding to the results in FR 1are listed in  table 1 below.
Table 1 Parameters for Downlink evaluations in Scenario 1, FR2
	Parameter
	Source 1
	Source 2
	Source 3
	Source 4
	Source 5
	Source 6

	Channel model (baseline, otherwise state any modifications)
	 IOO FR2
	 IOO FR2 
	 IOO FR2 
	 IOO FR2 
	 IOO FR2 
	 IOO FR2 

	Carrier frequency 
	30GHz
	30GHz
	30GHz
	30GHz
	30GHz
	30GHz

	Subcarrier spacing
	120kHz
	120kHz
	120kHz
	120kHz
	120kHz
	120kHz

	Reference Signal Transmission Bandwidth
	400MHz
	400MHz
	400MHz
	400MHz
	400MHz
	400MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	TRS,comb 4, 9 occasions, 2 slot, 2 symbols per slot configuration
	Extended TRS: 9 occasions, 1 slot, 4 symbols per slot configuration
	NR PRS: 3 occasions, 1 slot configuration, 12 symbols per slot
	TRS,comb 4, 9 occasions, 2 slot, 2 symbols per slot configuration
	Extended TRS: 9 occasions, 1 slot, 4 symbols per slot configuration
	NR PRS: 3 occasions, 1 slot configuration, 12 symbols per slot

	Reference signal (type of sequence, number of ports, …) 
	1 port, TRS
	1 port extended TRS
	1port PRS
	1 port, TRS
	1 port extended TRS
	1port PRS

	Number of sites
	7
	7
	7
	7
	7
	7

	Number of symbols used per occasion
	4
	4
	12
	4
	4
	12

	number of occasions used per positioning estimate
	9
	9
	3
	9
	9
	3

	Power-boosting level
	0
	0
	0
	0
	0
	0

	Uplink power control (applied/not applied)
	 
	 
	 
	 
	 
	 

	interference modelling (ideal muting, or other)
	interference modeled
	interference modeled
	interference modeled
	no interference
	no interference
	no interference

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

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

	Network synchronization assumptions
	no error
	no error
	no error
	no error
	no error
	no error

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

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	horizontal wide beam with same pattern  in  Table 6.1.1-3. vertical pattern as shown in R1-1901198
	horizontal wide beam with same pattern  in  Table 6.1.1-3. vertical pattern as shown in R1-1901198
	horizontal wide beam with same pattern  in  Table 6.1.1-3. vertical pattern as shown in R1-1901198
	horizontal wide beam with same pattern  in  Table 6.1.1-3. vertical pattern as shown in R1-1901198
	horizontal wide beam with same pattern  in  Table 6.1.1-3. vertical pattern as shown in R1-1901198
	horizontal wide beam with same pattern  in  Table 6.1.1-3. vertical pattern as shown in R1-1901198

	Additional notes, if any
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Fig.7, Positioning error FR2, 30 GHz, in indoor open office scenario (BW=400MHz, carrier=30GHz)..

Table 4: Positioning accuracy summary in indoor open office scenario with and without interference.

	Interference
	50%
TRS/Extended TRS/ NR PRS
(m)
	67%
TRS/Extended TRS/ NR PRS
(m)
	80%
TRS/Extended TRS/ NR PRS
(m)
	90%
TRS/Extended TRS/ NR PRS
(m)

	Yes (source 1,2,3)
	1.3/1.4/1.1
	3.9/2.6/2.1
	8.3/6.4/5.3
	14.8/10/9.7

	No (source 4,5,6)
	1.3/1.3/1.3
	1.9/1.9/1.9
	2.9/2.9/3
	4.8/4.6/5






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

8.1.2 System simulations for Scenario 2 - Umi 
8.1.2.1 Results from [source A]
--------------------- Start TP ------------------------------
The parameters corresponding to the results are listed in  table 3 below.
Table 3 Parameters for Uplink evaluations in Scenario 2, FR1
	Parameter
	Source 1
	Source 2
	Source 3
	Source 4
	Source 5
	Source 6
	Source 7
	Source 8
	Source 9

	Channel model (baseline, otherwise state any modifications)
	 Umi,FR1
	Umi,FR1 
	Umi,FR1 
	Umi,FR1 
	Umi,FR1 
	Umi,FR1 
	Umi,FR1 
	Umi,FR1 
	Umi,FR1 

	Carrier frequency 
	2GHz
	2GHz
	2GHz
	4GHz
	4GHz
	4GHz
	4GHz
	4GHz
	4GHz

	Subcarrier spacing
	15khz
	15khz
	15khz
	15khz
	15khz
	15khz
	15khz
	15khz
	15khz

	Reference Signal Transmission Bandwidth
	50MHz
	50MHz
	50MHz
	100MHz
	100MHz
	100MHz
	100MHz
	100MHz
	100MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	TRS,comb 4, 9 occasions, 2 slot, 2 symbols per slot configuration
	Extended TRS: 9 occasions, 1 slot, 4 symbols per slot configuration
	NR PRS: 3 occasions, 1 slot configuration, 12 symbols per slot
	TRS,comb 4, 9 occasions, 2 slot, 2 symbols per slot configuration
	Extended TRS: 9 occasions, 1 slot, 4 symbols per slot configuration
	NR PRS: 3 occasions, 1 slot configuration, 12 symbols per slot
	TRS,comb 4, 9 occasions, 2 slot, 2 symbols per slot configuration
	Extended TRS: 9 occasions, 1 slot, 4 symbols per slot configuration
	NR PRS: 3 occasions, 1 slot configuration, 12 symbols per slot

	Reference signal (type of sequence, number of ports, …) 
	1 port, TRS
	1 port extended TRS
	1port PRS
	1 port, TRS
	1 port extended TRS
	1port PRS
	1 port, TRS
	1 port extended TRS
	1port PRS

	Number of sites
	7
	7
	7
	7
	7
	7
	7
	7
	7

	Number of symbols used per occasion
	4
	4
	12
	4
	4
	12
	4
	4
	12

	number of occasions used per positioning estimate
	9
	9
	3
	9
	9
	3
	9
	9
	3

	Power-boosting level
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Uplink power control (applied/not applied)
	 
	 
	 
	 
	 
	 
	 
	 
	 

	interference modelling (ideal muting, or other)
	no interference
	no interference
	no interference
	no interference
	no interference
	no interference
	interference 
	interference 
	interference 

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

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

	Network synchronization assumptions
	no error
	no error
	no error
	no error
	no error
	no error
	no error
	no error
	no error

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

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	horizontal wide beam with same pattern  in  Table 6.1.1-3. vertical pattern as shown in R1-1901198
	horizontal wide beam with same pattern  in  Table 6.1.1-3. vertical pattern as shown in R1-1901198
	horizontal wide beam with same pattern  in  Table 6.1.1-3. vertical pattern as shown in R1-1901198
	horizontal wide beam with same pattern  in  Table 6.1.1-3. vertical pattern as shown in R1-1901198
	horizontal wide beam with same pattern  in  Table 6.1.1-3. vertical pattern as shown in R1-1901198
	horizontal wide beam with same pattern  in  Table 6.1.1-3. vertical pattern as shown in R1-1901198
	horizontal wide beam with same pattern  in  Table 6.1.1-3. vertical pattern as shown in R1-1901198
	horizontal wide beam with same pattern  in  Table 6.1.1-3. vertical pattern as shown in R1-1901198
	horizontal wide beam with same pattern  in  Table 6.1.1-3. vertical pattern as shown in R1-1901198

	Additional notes, if any
	 
	 
	 
	 
	 
	 
	 
	 
	



The results corresponding to the Indoor open office scenario are provided below
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Fig. 9, FR1 (2 GHz) positioning error in urban micro scenario.

Table 6: FR1 (2 GHz) positioning accuracy summary in urban micro scenario.

	Bandwidth
	50%
TRS/Extended TRS/ NR PRS
(m)
	67%
TRS/Extended TRS/ NR PRS
(m)
	80%
TRS/Extended TRS/ NR PRS
(m)
	90%
TRS/Extended TRS/ NR PRS
(m)

	2 GHz, 50 Mhz (source 1,2,3)
	3.2/3.1/3.3
	4.4/4.2/4.3
	6.2/6/5.8
	8.4/8.4/8.1



10 m accuracy requirement is met for the 80% of the UE in an urban micro deployment.
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Fig.10, FR1 (4 GHz) positioning accuracy in urban micro scenario.

Table 7: FR1 positioning accuracy summary in indoor open office scenario with and without interpolation.

	Interpolation
	50%
TRS/Extended TRS/ NR PRS
(m)
	67%
TRS/Extended TRS/ NR PRS
(m)
	80%
TRS/Extended TRS/ NR PRS
(m)
	90%
TRS/Extended TRS/ NR PRS
(m)

	Yes (source 7,8,9)
	1.3/1.3/1.4
	2/2.1/2.3
	3.4/3.4/3.7
	5.5/5/6.2

	No(source 4,5,6)
	1.9/1.9/1.9
	2.8/2.8/2.9
	4.5/4.4/4.8
	7.3/7/8



-------------------- End TP ------------------------------
8.1.3 System simulations for Scenario 3 - Uma
8.1.3.1 Results from [source A]
[bookmark: _Hlk536795586]--------------------- Start TP ------------------------------
The parameters corresponding to the results are listed in  table 3 below.
Table 3 Parameters for downlink evaluations in Scenario 3
	Parameter
	Source 1
	Source 2
	Source 3
	Source 4

	Channel model (baseline, otherwise state any modifications)
	 
	 
	 
	 

	Carrier frequency 
	2GHz
	2GHz
	2GHz
	2GHz

	Subcarrier spacing
	15khz
	15khz
	15khz
	15khz

	Reference Signal Transmission Bandwidth
	10MHz
	50MHz
	50MHz
	50MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	TRS,comb 4, 9 occasions, 2 slot, 2 symbols per slot configuration
	TRS,comb 4, 9 occasions, 2 slot, 2 symbols per slot configuration
	Extended TRS: 9 occasions, 1 slot, 4 symbols per slot configuration
	NR PRS: 3 occasions, 1 slot configuration, 12 symbols per slot

	Reference signal (type of sequence, number of ports, …) 
	1 port, TRS
	1 port, TRS
	1 port extended TRS
	1port PRS

	Number of sites
	7
	7
	7
	7

	Number of symbols used per occasion
	4
	4
	4
	12

	number of occasions used per positioning estimate
	9
	9
	9
	3

	Power-boosting level
	0
	0
	0
	0

	Uplink power control (applied/not applied)
	 
	 
	 
	 

	interference modelling (ideal muting, or other)
	no interference
	no interference
	no interference
	no interference

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

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

	Network synchronization assumptions
	no error
	no error
	no error
	no error

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

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	horizontal wide beam with same pattern  in  Table 6.1.1-3. vertical pattern as shown in R1-1901198
	horizontal wide beam with same pattern  in  Table 6.1.1-3. vertical pattern as shown in R1-1901198
	horizontal wide beam with same pattern  in  Table 6.1.1-3. vertical pattern as shown in R1-1901198
	horizontal wide beam with same pattern  in  Table 6.1.1-3. vertical pattern as shown in R1-1901198

	Additional notes, if any
	 
	 
	 
	 


In this section, simulation results for urban macro scenario for FR1 is reported.

[image: ]

Fig. 11, Positioning accuracy in urban macro scenario.

Table 8: Positioning accuracy summary of FR1,2 GHz, 10 MHz TRS in urban macro scenario.
	Bandwidth configuration
	50%
(m)
	67%
(m)
	80%
(m)
	90%
(m)

	2 GHz, 10 MHz
	18.08
	24.59
	31.29
	46.15






TRS with 10 MHz bandwidth in FR1 is enough to satisfy FCC positioning requirement for horizontal accuracy in an urban macro scenario.

[image: ]

Fig.12, Positioning accuracy in FR1, 2 GHz, in urban macro scenario.

Table 9: Positioning accuracy summary in urban macro scenario.
	Bandwidth configuration
	50%
TRS/Extended TRS/ NR PRS (m)
	67%
TRS/Extended TRS/ NR PRS
(m)
	80%
TRS/Extended TRS/ NR PRS
(m)
	90%
TRS/Extended TRS/ NR PRS
(m)

	2 GHz, 50 MHz
	8.225/7.913/8.558
	13.74/13.07/14.05
	22.48/20.58/23.13
	38.09/36.01/38.72






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

8.2 Uplink evaluations
8.2.1 System simulations for Scenario 1 – Indoor Open Office
8.2.1.1 Results from [source A]
--------------------- Start TP ------------------------------
The parameters corresponding to the results are listed in  table 3 below.
Table 3 Parameters for Uplink evaluations in Scenario 1
	Parameter
	Source 1

	Channel model (baseline, otherwise state any modifications)
	 IOO FR1

	Carrier frequency 
	2GHz

	Subcarrier spacing
	15kHz

	Reference Signal Transmission Bandwidth
	50MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	UL SRS, 4 symbols per slot,1 slot,  9 occasions 

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

	Number of sites
	 

	Number of symbols used per occasion
	4

	number of occasions used per positioning estimate
	9

	Power-boosting level
	0

	Uplink power control (applied/not applied)
	 

	interference modelling (ideal muting, or other)
	 

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

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

	Network synchronization assumptions
	 No error

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

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

	Additional notes, if any
	 



The results corresponding to the Indoor open office scenario are provided below


[image: ]

Fig.8, Positioning error FR1, 2 GHz, in indoor open office scenario using SRS in UL.


Table 5: Positioning accuracy summary in indoor open office scenario using SRS in UL for FR1 .

	Bandwidth configuration
	50%
(m)
	67%
(m)
	80%
(m)
	90%
(m)

	2 GHz, 100 MHz (source 1)
	1.677
	2.194
	2.99
	4.48



 
-------------------- End TP ------------------------------
 8.3 Downlink+uplink evaluations
8.3.1 System simulations for Scenario 1 – Indoor Open Office
8.3.1.1 Results from [source A]
[bookmark: _Hlk536796236]--------------------- Start TP ------------------------------
The parameters corresponding to the results are listed in  table 5 below.
Table 5 Parameters for Downlink+uplink evaluations in Scenario 1
	Parameter
	Figure 7, A to F

	Channel model (baseline, otherwise state any modifications)
	IOO  FR1

	Carrier frequency 
	4GHz

	Subcarrier spacing
	30khz

	Reference Signal Transmission Bandwidth
	100MHz

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

	Reference signal (type of sequence, number of ports, …) 
	1 port, TRS in DL and SRS in UL

	Number of sites
	12

	Number of symbols used per occasion
	4

	number of occasions used per positioning estimate
	1

	Power-boosting level
	0

	Uplink power control (applied/not applied)
	 

	interference modelling (ideal muting, or other)
	None

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

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

	Network synchronization assumptions
	no error

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

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

	Additional notes, if any
	



The results corresponding to the Indoor open office scenario are provided below

                                [image: ] Figure 6 Agreed evaluation setup for IOO scenario.

[image: ]
Figure 7 Simulated performance curves for the RTT with overhearing neighboring nodes. Difference simulated cases are shown as cases from A to F.

Figure 6 shows the agreed setup for the IOO scenario, FR1. As can be seen the base stations are placed in two rows of six columns each. For the sake of ease of discussions, numbers are assigned to the base stations in the Figure 6. 
In this scenario, we investigate the performance of different configurations of RTT and overhearing nodes. The following measurements and procedure information cases are considered:
A. Positioning information from RTT procedures with all 12 nodes is considered for each UE. This corresponds to 12 DL and 12 UL signals being transmitted in the considered setup, where the DL signals can either be dedicated or common, addressing additional information i, k or m in the list in section 3. 
B. The RTT procedure is only configured for a boundary node (node 1 in Figure 6), but all other nodes are overhearing the signaling exchange. Here, only 1 DL and 1 UL signal is configured, corresponding to additional information f, h, j, l.
C. The RTT procedure is only configured for a center node (node 5 in Figure 6), but all other nodes are overhearing the signaling exchange. Here, only 1 DL and 1 UL signal is configured, corresponding to additional information f, h, j, l.
D. The RTT procedure is only configured for two center nodes (nodes 5 and 6 in Figure 6), but all other nodes are overhearing the signaling exchange. Here, only 2 DL and 2 UL signal is configured, corresponding to additional information f, h, j, l.
E. The RTT procedure is configured with all nodes, and all nodes are overhearing the signaling exchange, This corresponds to 12 DL and 12 UL signals being transmitted in the considered setup, where the DL signals can either be dedicated or common, addressing additional information f, h, j, m in the list in section 3.
F. DL OTDOA for reference
The resulting positioning accuracy performance is summarized in Figure 7, and the 80-percentile performance accuracy together with some signaling costs are summarized in Table 1. Some of these costs can be shared in case common DL signals can be used and shared by multiple UEs.
Table 1. Positioning accuracy 80 percentile and DL and UL signaling load per UE
	
	A
	B
	C
	D
	E
	D

	80% acc
	1.4m
	2.8m
	2.6m
	2.1m
	1.4m
	1.6m

	DL cost/UE
	12
	1
	1
	2
	12
	12

	UL cost/UE
	12
	1
	1
	2
	12
	0



Some comments:
· In case ‘B’, with the the boundary node has the most inferior performance but comes with savings in the number of signals being exchanged in the system. 
· The case ‘C’ has the same signaling cost, but better performance since the center node is more centrally located in the geometry than the boundary node  of the case ‘A’. 
· The case ‘D’ corresponds to the case of two centrally located nodes, which shows a considerable performance improvement compared to the two previous cases ‘B’ and ‘C’.  The improvement in performance comes at the expense of one additional transmission each of DL and UL signal. 
· The case ‘E’ is for the case when all nodes do the RTT with the UE, and all nodes overhear the signals from other nodes and the UE. This case does have same number of signals being transmitted as in case ‘A’, 12 each of DL and UL signals. Performance of this case is same as the performance of the case ‘A’ i
· To provide the reference of the considered cases, we provide performance of DL TDOA positioning in the considered setup. As can be seen, the DL positioning with TDOA measurements has good performance, but not as good as when all nodes are used for RTT, in which case the signaling cost is also much higher.
 -------------------- End TP ------------------------------
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