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Introduction
At RAN#86 meeting, the study item on NR Positioning Enhancements was approved [1]. From RAN1’s perspective, the SI includes the following objectives:
1. Study enhancements and solutions necessary to support the high accuracy (horizontal and vertical), low latency, network efficiency (scalability, RS overhead, etc.), and device efficiency (power consumption, complexity, etc.) requirements for commercial uses cases (incl. general commercial use cases and specifically (I)IoT use cases as exemplified in section 3 above (Justification)):
a. Define additional scenarios (e.g. (I)IoT) based on TR 38.901 to evaluate the performance for the use cases (e.g. (I)IoT). [RAN1]
b. Evaluate the achievable positioning accuracy and latency with the Rel-16 positioning solutions in (I)IoT scenarios and identify any performance gaps. [RAN1]	
c. Identify and evaluate positioning techniques, DL/UL positioning reference signals, signalling and procedures for improved accuracy, reduced latency, network efficiency, and device efficiency.
Enhancements to Rel-16 positioning techniques, if they meet the requirements, will be prioritized, and new techniques will not be considered in this case. [RAN1, RAN2]
NOTE 1:	Sidelink is not part of this objective.
NOTE 2:	Involve RAN4 for validating assumptions for the systems evaluations where appropriate.
NOTE 3:	The commercial use cases and requirements are applicable to a limited geographic area.



This contribution discusses the evaluation of NR positioning performance, including impact of clutter parameters on LOS probability and the absolute time of arrival model on positioning performance with initial simulation results in InF scenarios.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]
Initial simulation evaluation of NR positioning performance in InF scenarios
This section discusses initial simulation evaluation of NR positioning performance in InF scenarios. Section 2.1 analyzes the impact of clutter parameters on LOS probability. In section 2.2, the impact of absolute time of arrival model on positioning performance is analyzed. The details of simulation assumptions are given in Appendix, where the key simulation parameters are given in Table 1.
Table 1: Key simulation parameters for InF scenarios
	Parameters
	Values

	Bandwidth for DL PRS
	100MHz

	Subcarrier Space
	30KHz

	Carrier frequency
	4GHz

	Comb size of DL PRS
	6

	Measurement Algorithm
	MUSIC based TOA estimation

	Positioning Algorithm
	Chan based DL-TDOA[5]

	gNB Sync error
	Perfect Sync

	InF scenarios
	InF-SH (sparse clutter, high BS), InF-DH (dense clutter, high BS)



Impact of clutter parameters on LOS probability
According to Section 7.4.2 in TR 38.901, the LOS probability of 4 InF scenarios is modelled as follows:
	InF-SL
InF-SH
InF-DL
InF-DH
	
where

The parameters , , and  are defined in Table 7.2-4



In the evaluation of the LOS probability, we simulate three sets of clutter parameters {density , height ,size } as shown in the following:
	Clutter parameters: {density , height ,size }
	CASE 1：Sparse clutter : {20%, 2m, 10m}
CASE 2：Dense clutter : {60%, 6m, 2m}
CASE 3：Middle clutter : {40%, 2m, 2m}



CASE 1 and CASE 2 correspond, respectively, the spares clutter and dense clutter scenarios, as described in section 7.8.4 of TR 38.901, while CASE 3 with middle clutter was proposed in email discussion. 
Assuming BS antenna height = 8 m and UE antenna height = 1.5m, Figure 1 shows the LOS probability vs.  for the three CASEs, where  represents 2-D distance between UE and TRP in horizontal dimension in unit of meter. As shown in the Figure 1, the LOS probability of CASE 1 (SH) is the highest (more than 90% @ = 50m), the LOS probability of CASE 2 (DH) is the lowest (less than 10% @ = 10m, and 0% @ = 50m), and the LOS probability of CASE 3 is in the middle (about 35% @ = 50m).
[image: ]
[bookmark: _Ref40349400]Figure 1: LOS probability vs 2D-distance 
According to fast fading channel coefficient generation procedure model in TR 38.901, when propagation condition (LOS/NLOS) is uncorrelated for different BS-UT links and assigned according to Table 7.4.2-1 of TR 38.901, the probability of number of LOS links per UE can be calculated for different CASEs. Figure 2 illustrates the probability of number of LOS links per UE for three CASEs. As shown in the Figure 2, the number of LOS links per UE is from 13 to 18 for CASE 1, fewer than 2 for CASE 2, and between 1 and 8 for CASE 3.
[image: cid:image002.png@01D62916.AD996960]
[bookmark: _Ref40349527]Figure 2: Probability of number of LOS links per UE

The impact of the probability vs. number of LOS links per UE on TOA measurement error is shown in Figure 3. As shown in the Figure 3, at 90% CDF point, the TOA error is 0.107 meter for CASE1 (InF-SH) and 19.58 meter for CASE 2 (InF-DH). The reason lies in the facts that the number of LOS links per UE for CASE2 (InF-DH) is much fewer than that for CASE 1 (InF-SH), and the absolute time of arrival model for NLOS link includes a random delay, which results in much bigger TOA error for NLOS link than that for LOS link. 
[image: ]
[bookmark: _Ref40350678]Figure 3: Impact of probability of number of LOS links per UE on TOA error

Observation 1: Configuration of clutter parameters have great impact on the LOS probability, where sparse clutter brings in high LOS probability and dense clutter has low LOS probability. Random delays in NLOS links, as described in absolute time of arrival model in TR 38.901, may result in large TOA measurement error. The following three CASEs of clutter parameters should be considered for the evaluation of positioning performance in InF scenarios in Rel-17 positioning SI. 
	Clutter parameters: {density , height ,size }
	CASE 1：Sparse clutter: {20%, 2m, 10m}
CASE 2：Dense clutter: {60%, 6m, 2m}
CASE 3：Middle clutter: {40%, 2m, 2m}



Impact of absolute time of arrival model on positioning performance
In this section, we analyze the impact of absolute time of arrival model on positioning performance for InF-DH and InF-SH scenarios. To support the simulations, we have considered the propagation time delay due to the total path length in step 11 of fast fading model as defined in TR38.901.
The impact of the absolute time of arrival model on positioning performance for InF-DH is shown in Figure 4 and Figure 5. Figure 4 shows the simulation results when the absolute time of arrival is not considered in the simulation. At 90% CDF point, the horizontal positioning error is only 0.57 meter. Figure 5 presents the simulation results when the absolute time of arrival is considered in the simulation. At 90% CDF point, the horizontal positioning error is increased to 41.64 meters. The reason that the absolute time of arrival has such big impact on the positioning error lies in that nearly all selected TRPs (E.g., 6~10) used for positioning per UE are NLOS links for InF-DH scenario, where the random delay Δτ introduces significant TOA error for NLOS link. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Figure 6 and Figure 7 illustrate the impact of the absolute time of arrival model on positioning performance for InF-SH. Figure 6 shows the simulation results when the absolute time of arrival is not considered, while Figure 7 presents the simulation results when the absolute time of arrival is considered. As shown in Figure 6 and Figure 7, at 90% CDF point, the horizontal positioning errors are the same for two CASEs with and without the random delay Δτ. The reason lies in that for InF-SH, the probability of number of LOS links per UE is much higher than that in InF -DH and all the selected TRPs (E.g., 6~10) used for positioning per UE are LOS links, where the random delay Δτ introduces no TOA error for LOS link.

Observation 2: The impact of absolute time of arrival model on the positioning performance is significantly for InF-DH, and negligible for InF-SH. The absolute time of arrival model should be included in the evaluation of positioning performance in Rel-17 positioning SI.
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Figure 4: Positioning error for InF-DH without modeling absolute time of arrival
[image: cid:image002.png@01D62AB0.F4B08C70]
Figure 5: Positioning error for InF-DH with modeling absolute time of arrival 
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Figure 6: Positioning error for InF-SH without modeling absolute time of arrival
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Figure 7: Positioning error for InF-SH with modeling absolute time of arrival

Conclusions
In this contribution, we discuss evaluation of NR positioning performance, and give the following observations:
Observation 1: Configuration of clutter parameters have great impact on the LOS probability, where sparse clutter brings in high LOS probability and dense clutter has low LOS probability. Random delays in NLOS links, as described in absolute time of arrival model in TR 38.901, may result in large TOA measurement error. The following three CASEs of clutter parameters should be considered for the evaluation of positioning performance in InF scenarios in Rel-17 positioning SI. 
	Clutter parameters: {density , height ,size }
	CASE 1：Sparse clutter: {20%, 2m, 10m}
CASE 2：Dense clutter: {60%, 6m, 2m}
CASE 3：Middle clutter: {40%, 2m, 2m}



Observation 2: The impact of absolute time of arrival model on the positioning performance is significantly for InF-DH, and negligible for InF-SH. The absolute time of arrival model should be included in the evaluation of positioning performance in Rel-17 positioning SI.
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Appendix
Common scenario parameters applicable for all scenarios (TR 38.855)

Table 5‑1: Common scenario parameters applicable for all InF scenarios
	
	FR1 Specific Values
	FR2 Specific Values 

	Carrier frequency, GHz 
	2GHz, 4GHz – Note 1
	30 GHz – Note 1

	Bandwidth, MHz
	50MHz for 2GHz
100MHz for 4GHz
	100MHz, 400MHz 

	Subcarrier spacing, kHz
	15kHz for 50MHz
30kHz for 100MHz 
	120kHz

	gNB model parameters 
	
	

	gNB noise figure, dB
	5dB
	7dB

	Total gNB TX Power, dBm
	24dBm
	24 dBm, EIRP should not exceed 58 dBm

	UE model parameters 
	
	

	UE noise figure, dB
	9dB – Note 1
	13dB – Note 1

	UE max. TX power, dBm
	23dBm – Note 1
	23dBm – Note 1
EIRP should not exceed 43 dBm.

	UE antenna configuration
	Panel model 1 – Note 1
Mg = 1, Ng = 1, P = 2, dH = 0.5λ,
(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1)
	Multi-panel Configuration 1 and Panel Configuration a – Note 1
-	Multi-panel Configuration 1: (Mg, Ng) = (1, 2); Θmg,ng=90°; Ω0,1=Ω0,0+180°; (dg,H, dg,V)=(0,0)
-	Panel Configuration a:
-	Each antenna array has shape dH=dV=0.5λ
-	Config a: (M, N, P) = (2, 4, 2),
-	the polarization angles are 0° and 90°
-	The antenna elements of the same polarization of the same panel is virtualized into one TXRU
-	Optional: Provided by company

	UE antenna radiation pattern 
	Omni, 0dBi
	Antenna model according to Table 6.1.1-2 in TR 38.855

	PHY/link level abstraction
	Explicit simulation of all links, individual parameters estimation is applied. Companies to provide description of applied algorithms for estimation of signal location parameters.

	Network synchronization
	The network synchronization error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) rms values between an eNB and a timing reference source which is assumed to have perfect timing, subject to a largest timing difference of T2 ns, where T2 = 2*T1
–	That is, the range of timing errors is [-T2, T2]
–	T1:	0ns (perfectly synchronized), 50ns 

	Note 1:	According to 3GPP TR 38.802
Note 2:	According to 3GPP TR 38.901




Table 6.1.1-1: Common scenario parameters applicable for all scenarios (TR 38.855)
	
	FR1 Specific Values
	FR2 Specific Values 

	Carrier frequency, GHz 
	2GHz, 4GHz – Note 1
	30 GHz – Note 1

	Bandwidth, MHz
	5MHz,
50MHz for 2GHz
100MHz for 4GHz
	100MHz, 400MHz 

	Subcarrier spacing, kHz
	15kHz for 5MHz and 50MHz
30kHz for 100MHz 
	120kHz

	gNB model parameters 
	
	

	gNB noise figure, dB
	5dB
	7dB

	UE max. TX power, dBm
	23dBm – Note 1
	23dBm – Note 1
EIRP should not exceed 43 dBm.

	UE model parameters 
	
	

	UE noise figure, dB
	9dB – Note 1
	13dB – Note 1

	UE antenna configuration
	Panel model 1 – Note 1
Mg = 1, Ng = 1, P = 2, dH = 0.5λ,
(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1)
	Multi-panel Configuration 1 and Panel Configuration a – Note 1
-	Multi-panel Configuration 1: (Mg, Ng) = (1, 2); Θmg,ng=90°; Ω0,1=Ω0,0+180°; (dg,H, dg,V)=(0,0)
-	Panel Configuration a:
-	Each antenna array has shape dH=dV=0.5λ
-	Config a: (M, N, P) = (2, 4, 2),
-	the polarization angles are 0° and 90°
-	The antenna elements of the same polarization of the same panel is virtualized into one TXRU
-	Optional: Provided by company

	UE antenna radiation pattern 
	Omni, 0dBi
	Antenna model according to Table 6.1.1-2

	PHY/link level abstraction
	Explicit simulation of all links, individual parameters estimation is applied. Companies to provide description of applied algorithms for estimation of signal location parameters.

	Network synchronization
	The network synchronization error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) rms values between an eNB and a timing reference source which is assumed to have perfect timing, subject to a largest timing difference of T2 ns, where T2 = 2*T1
–	That is, the range of timing errors is [-T2, T2]
–	T1:	0ns (perfectly synchronized), 50ns 

	Note 1:	According to 3GPP TR 38.802
Note 2:	According to 3GPP TR 38.901



Table 6.1.1-2: UE antenna radiation pattern model 1 (FR2) (TR 38.855)
	Parameter
	Values

	Antenna element radiation pattern in  dim (dB)
	


	Antenna element radiation pattern in  dim (dB)
	


	Combining method for 3D antenna element pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	5dBi

	
	
Note:  are in local coordinate system.



Simulation assumptions for calibration of the indoor factory scenario (TR 38.901)
Table 5‑2 Parameters common to InF scenario(s)
	
	FR1 Specific Values 
	FR2 Specific Values

	Channel model
	[InF-SL, InF-DL, InF-SH, InF-DH and/or InF-HH]
	[InF-SL, InF-DL, InF-SH, InF-DHand/or InF-HH]

	Layout 
	Hall size
	InF-SL: 120x60 m
InF-DL: 300x150 m
InF-SH: 300x150 m
InF-DH: 120x60 m
InF-HH: 300x150 m

	
	BS locations
	18 BSs on a square lattice with spacing D, located D/2 from the walls.
-	for the small hall (L=120m x W=60m): D=20m
-	for the big hall (L=300m x W=150m): D=50m
[image: ]

	
	Room height
	10m

	Total gNB TX power, dBm
	24dBm
	24dBm
EIRP should not exceed 58 dBm

	gNB antenna configuration
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH=dV=0.5λ – Note 1
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH=dV=0.5λ – Note 1
One TXRU per polarization per panel is assumed

	gNB antenna radiation pattern
	Single sector – Note 1
	3-sector antenna configuration – Note 1

	Peneteration loss
	0dB

	Number of floors
	1

	UE drop procedure
	100% indoor, uniformly distributed over the horizontal area

	UE mobility
	3km/h

	UE antenna height
	1.5m

	Min gNB-UE distance (2D), m
	0m

	gNB antenna height
	BS height = 1.5 m for InF-SL and InF-DL
BS-height = 8 m for InF-SH and InF-DH

	Clutter parameters: {density , height ,size }
	Sparse clutter: {20%, 2m, 10m}
Dense clutter: {60%, 6m, 2m}
Middle clutter: {40%, 2m, 2m}

	LOS probability
	LOS probability for InF scenarios is modelled according to Section 7.4.2 in TR 38.901

	Absolute time of arrival
	Absolute time of arrival for InF scenarios is modelled according to Section 7.6.9 in TR 38.901

	Note 1:	According to 3GPP TR 38.802
Note 2:	According to 3GPP TR 38.901
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