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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: Urban Macro
· Scenario 2: Urban Micro
· Scenario 3: Indoor Open Office
In this contribution, we show simulation results of the positioning accuracy based on observed time difference of arrival (OTDOA) for urban macro, urban micro, and indoor open office scenarios. For the indoor open office scenario, we also show positioning accuracy simulation based on uplink time difference of arrival (UTDOA) for FR1.
[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 macro and urban micro, and 12 base station setup for indoor open office scenario. Scenario specific parameters are driven from TR38.855. In addition, scenario specific precoders are designed to exploit the agreed multiantenna setup and are elaborated in the upcoming subsections.
2.1.1. 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.1, Representation of dual polarized 64 antenna element antenna panel.
The polarization selection is done by selecting 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 , , .
2.1.3 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.3, Representation of dual polarized dual panel antenna configuration.
The selection of polarization is done as one of , , .
2.2. Reference signals for positioning
For the time of arrival estimation, the following downlink signals are considered to estimate TOA to enable evaluations of OTDOA in all scenarios and setups. A detailed description of the signals is provided in our paper [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 our paper [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 configuration of signals:
· 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.
Furthermore, no power boosting is adopted, no interference and synchronization error is considered, and the simulations are done for 7 site network for urban macro and urban micro, and 12 base station network for indoor open office with ideal muting.
3.3.1 Urban macro
In this section, simulation results for urban macro scenario for FR1 is reported.

[image: ]Fig. 4, Positioning error FR1, 2 GHz 10 MHz, in urban macro scenario.





Table 1: 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.
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Fig.5, Positioning accuracy in FR1, 2 GHz, in urban macro scenario.

Table 2: 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 Urban micro
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Fig.6, Positioning error in FR1, 2 GHz, in urban micro scenario.
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Fig.7, Positioning error in FR1, 4 GHz, in urban micro scenario.
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Fig.8, Positioning error FR2, 30 GHz, in urban micro scenario.

Table 3: Positioning accuracy summary in urban micro 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
	3.257/3.171/3.307
	4.472/4.297/4.392
	6.027/6.059/5.84
	8.417/8.177/8.417

	4 GHz, 100 MHz
	1.91/1.91/1.93
	2.898/2.805/2.975
	4.517/4.44/4.58
	7.379/7.054/8.046

	30 GHz, 400 MHz
	1.74/1.41/1.481
	3.25/2.794/3.119
	6.11/4.913/5.94
	12.76/9.684/10.82








3.3.3 Indoor open office
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Fig.9, Positioning error FR1, 2 GHz, in indoor open office scenario.
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Fig.10, Positioning error FR1, 4 GHz, in indoor open office scenario.
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Fig.11, Positioning error FR2, 30 GHz, in indoor open office scenario.


Table 4: Positioning accuracy summary in indoor open office 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
	3.507/3.528/3.518
	5.315/5.342/5.315
	7.99/8.08/8.242
	13.166/9.684/10.82

	4 GHz, 100 MHz
	2.014/2.014/1.944
	2.97/3.15/3.05
	4.60/4.83/4.56
	7.19/7.19/7.19

	30 GHz, 400 MHz
	0.5877/0.6122/0.631
	0.99/1.016/1.05
	1.866/1.942/2
	3.366/4.23/4.56




TRS, extended TRS, and NR PRS (as a staggered comb-6) signals are transmitted with equal positioning overhead provide comparable positioning accuracy.

[image: ]

Fig.12, 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.
4	Conclusion
In the previous section we made the following observations:
Observation 1: TRS with 10 MHz bandwidth in FR1 is enough to satisfy FCC positioning requirement for horizontal accuracy.
Observation 2: TRS, extended TRS, and NR PRS signals transmitted with equal positioning overhead provide comparable positioning accuracy.
Observation 3: In an indoor open office scenario, UTDOA provides better accuracy than OTDOA.


[bookmark: _GoBack]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. 
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