[bookmark: _Hlk528929158]3GPP TSG RAN WG1 Meeting #97	R1-1906662
Reno, USA, 13th – 17th May, 2019

Agenda item:		7.2.11.2
Source:	Nokia, Nokia Shanghai Bell
Title:	Extended path loss parametrization analysis from measurements in two operational factory halls at 3.5 GHz and 28 GHz for various antenna configurations
Document for:		Discussion and Decision
Introduction
[bookmark: _Hlk510705081]A new radio propagation model for indoor industrial scenarios is being investigated as part of the Rel-16 SI to support studies on URLLC/IIOT enhancements [1]. After the RAN1#96bis meeting, a new round of discussions on Path Loss [96b-NR-08c] was carried out via the 3GPP_TSG_RAN_WG1 email reflector, where several data merging strategies and dependencies were discussed. 
We would like to further assist the path loss-related discussions by providing the raw data from our extensive measurement campaigns reported in contributions R1-1810659 [2] and R1-1813177 [3]; as well as extended details on the related parametrizations.
The raw measurement data is given in the annex excel file following the template given in [4], and a summary of the related empirical AB and CI model parametrizations together with a number of observations and proposals is detailed in Section 2. Section 3 concludes the contribution.
AB and CI parametrizations
In [2], we reported the results of a CW (continuous-wave) measurement campaign performed in a dense operational factory at 3.5 GHz and 28 GHz. In that contribution, we only provided model parameters for the AB model (free linear fit to the data):
PL_AB [dB] = + 10 · B · log10(d) + XSF
where  is the floating offset value in dB,B is the slope and captures how the path loss (PL) increase as the transmit-receive in distance (d) in meters increases, and XSF is a zero-mean Gaussian random variable with a standard deviation (σSF) in dB describing large-scale signal fluctuations (i.e., shadowing) around the mean path loss.
In [3], we provided the path loss parametrization, based on wide-band (WB) measurements for various antenna configurations at 3.5 GHz in two dense operational factory halls, according to the CI model (close-in free space reference):
[bookmark: _GoBack]PL_CI [dB] = FSPL(f, 1m)+ 10 · n · log10(d) + XSF
where n is the slope and captures how the path loss (PL) increase as the transmit-receive in distance (d) in meters increases, and XSF is a zero-mean Gaussian random variable with a standard deviation (σSF) in dB describing large-scale signal fluctuations (i.e., shadowing) around the mean path loss.
In order to complete our contribution, we provide in Table 1 a summary of both AB and CI model parametrizations for the 20 different measurement sets considererd in our previous works. The measurements are classified per measurement campaign (CW [2] or WB [3]), scenario (H1: hall 1, H2: hall 2), sub-scenario category (2: high density clutter with  clutter-embedded antennas or 4: high density clutter with elevated antennas, according to [5]), clutter density (estimated over factory floorplans), frequency (3.5 GHz and 28 GHz), LOS/NLOS conditions, link type (D2D: device-to-device, AP2D: access-point-to-device), gNB and UE antenna heights.
A quick overview summary of the different scenarios and configurations considered in the measurements are given in Annex A. For details about measurement acquisition, calibration and averaging (to removing fast-fading), please, check [2] and [3].
To further complement this contribution, we summarize in the following a number of relevant observations from [2] and [3] and proposals from [6] that provide support to our overall inputs to the path loss discussion.

	Observation 1: Similar path loss trends are observed at 3.5 GHz and 28 GHz with an average path loss offset of 19 dB (the nominal expected was 20log(28/3.5) = 18 dB).
Observation 2: Path loss exponents decrease with increasing gNB height. The deeper the antennas are embedded in the clutter, the higher the path loss exponent. Likewise, the higher the antennas are above clutter, the lower the path loss exponent. 
Observation 3: Clutter-embedded configurations experience higher shadow fading than elevated-gNB configurations.

	

	Proposal 1: Model LOS path loss of all sub-scenarios by a path loss exponent close to 2 and a standard deviation of shadow fading in the order of 3 dB.
Proposal 2: For NLOS condition, model path loss and shadow fading depending on the gNB antenna configuration:
· Larger path loss exponent and standard deviation of shadow fading for clutter-embedded gNBs than for elevated gNBs.
· Elevated gNB: path loss exponent of approximately 2.5 (assuming CI reference model with FSPL(1m) acnhor) and standard deviation of shadow fading of approximately 3-6 dB.
· Clutter-embedded gNB: path loss exponent of approximately 3.2 (assuming CI reference model with FSPL(1m) acnhor) and standard deviation of shadow fading of approximately 6-8 dB.
Proposal 3: Apply simple free space frequency scaling for the path loss.



Conclusion
This contribution summarizes our views on path loss, by extending the previous details given in [2], [3] and [6]. As main input to the path loss characterization, we provide all our raw measurement data and the association AB and CI model parametrization for each of the data subsets.
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Table 1. Summary of AB and CI model parametrizations for the different Nokia measurements in an operational factory reported in R1-1810659 and R1-1813177 for 3.5 GHz and 28 GHz for various antenna configurations.
	
	
	
	
	
	
	
	
	
	AB model
	CI model
	

	
	Measurement
	Sub-scenario
	Clutter density [%]
	Frequency [GHz]
	Link type
	LOS/NLOS
	gNB height [m]
	UE height [m]
	A
	B
	 [dB]
	RMSE [dB]
	n
	 [dB]
	RMSE [dB]
	# samples

	R1-1810659 [2]
	CW_AP2D_H1_D01 
	2
	57
	3.5
	AP2D
	LOS
	2.6
	1.75
	35.4
	2.8
	1.6
	1.7
	2.1
	3.0
	3.2
	96

	
	CW_AP2D_H1_D02
	2
	57
	3.5
	AP2D
	NLOS
	2.6
	1.75
	4.6
	5.5
	4.4
	4.4
	3.3
	5.2
	5.2
	288

	
	CW_AP2D_H2_D03
	2
	69
	3.5
	AP2D
	LOS
	2.6
	1.75
	45.4
	2.0
	3.5
	3.5
	2.4
	3.7
	4.1
	56

	
	CW_AP2D_H2_D04
	2
	69
	3.5
	AP2D
	NLOS
	2.6
	1.75
	31.5
	3.5
	5.7
	5.7
	2.8
	6.0
	6.0
	624

	
	CW_AP2D_H1_D05
	2
	57
	28
	AP2D
	LOS
	2.6
	1.75
	60.9
	2.0
	3.4
	3.4
	1.9
	3.4
	3.4
	225

	
	CW_AP2D_H1_D06
	2
	57
	28
	AP2D
	NLOS
	2.6
	1.75
	42.1
	4.5
	3.3
	3.3
	3.3
	4.3
	4.3
	179

	R1-1813177 [3]
	WB_D2D_H1_D01
	2
	57
	3.5
	D2D
	NLOS
	0.25
	0.25
	24.3
	4.6
	8.2
	8.2
	3.4
	8.7
	8.7
	224

	
	WB_D2D_H1_D02
	2
	57
	3.5
	D2D
	NLOS
	1.75
	0.25
	21.0
	4.7
	9.1
	9.1
	3.3
	9.7
	9.7
	237

	
	WB_D2D_H1_D03
	2
	57
	3.5
	D2D
	NLOS
	1.75
	1.75
	18.0
	4.7
	9.3
	9.3
	3.1
	10.0
	10.1
	234

	
	WB_AP2D_H1_D04
	2
	57
	3.5
	AP2D
	NLOS
	2.6
	0.25
	29.4
	4.5
	12.0
	11.9
	3.2
	12.5
	12.4
	67

	
	WB_AP2D_H1_D05
	2
	57
	3.5
	AP2D
	NLOS
	2.6
	1.75
	29.5
	3.9
	12.2
	12.1
	3.1
	12.4
	12.3
	66

	
	WB_AP2D_H1_D06
	4
	57
	3.5
	AP2D
	NLOS
	3.2
	0.25
	34.0
	3.5
	7.1
	7.0
	2.9
	7.3
	7.1
	21

	
	WB_AP2D_H1_D07
	4
	57
	3.5
	AP2D
	NLOS
	3.2
	1.75
	24.9
	3.9
	8.3
	8.1
	2.7
	9.0
	8.9
	22

	
	WB_D2D_H1_D08
	2
	69
	3.5
	D2D
	NLOS
	0.25
	0.25
	40.1
	3.5
	6.2
	6.2
	3.3
	6.3
	6.2
	106

	
	WB_D2D_H2_D09
	2
	69
	3.5
	D2D
	NLOS
	1.75
	0.25
	49.2
	2.6
	7.9
	7.9
	3.2
	8.1
	8.5
	106

	
	WB_D2D_H2_D10
	2
	69
	3.5
	D2D
	NLOS
	1.75
	1.75
	37.9
	3.2
	6.8
	6.8
	2.8
	6.9
	6.9
	106

	
	WB_AP2D_H2_D11
	2
	69
	3.5
	AP2D
	NLOS
	2.6
	0.25
	36.0
	3.3
	8.9
	8.8
	2.9
	9.0
	8.9
	45

	
	WB_AP2D_H2_D12
	2
	69
	3.5
	AP2D
	NLOS
	2.6
	1.75
	23.1
	3.9
	7.5
	7.4
	2.6
	8.0
	7.9
	45

	
	WB_AP2D_H2_D13
	4
	69
	3.5
	AP2D
	NLOS
	3.2
	0.25
	38.7
	3.3
	5.6
	5.4
	2.9
	5.7
	5.4
	15

	
	WB_AP2D_H2_D14
	4
	69
	3.5
	AP2D
	NLOS
	3.2
	1.75
	43.9
	2.6
	4.4
	4.2
	2.7
	4.4
	4.2
	15



Appendix A – Summary of Nokia Measurements

	Parameters
	Hall 1 [H1]
	Hall 2 [H2]

	Layout
	Room size
	Rectangular: 100 m x 50 m (5000 m2)
	Squared: 70 m x 70 m (4900 m2)

	
	Ceiling height
	5 m
	10 m

	
	External wall type
	Concrete walls with metal-coated windows

	Clutter type
	Small to medium metallic machinery and objects with irregular structure
	Big machineries composed of regular metallic surfaces

	Clutter density
	High ~57%
	 High ~69%

	Clutter height
	~2.5 m
	~3.5 m

	BS antenna height [image: cid:image001.png@01D4B35D.C4D8CCE0]
	Clutter-embedded: 0.25 m, 1.75 m, 2.6 m
Slightly elevated above clutter: 3.2 m
	Clutter-embedded: 0.25 m, 1.75 m, 2.6 m
Slightly elevated above clutter: 4.1 m

	UT location
	LOS/NLOS
	LOS and NLOS

	
	Height [image: cid:image003.png@01D4B35D.C4D8CCE0]
	Clutter-embedded: 0.25 m, 1.75 m

	List of measurements



CW: continuous-wave
WB: wide-band
	3.5 GHz: 
CW_AP2D_H1_D01 
CW_AP2D_H1_D02
WB_D2D_H1_D01
WB_D2D_H1_D02
WB_D2D_H1_D03
WB_AP2D_H1_D04
WB_AP2D_H1_D05
WB_AP2D_H1_D06
WB_AP2D_H1_D07
WB_D2D_H1_D08
28 GHz: 
CW_AP2D_H1_D05
CW_AP2D_H1_D06
	3.5 GHz: 
CW_AP2D_H2_D03
CW_AP2D_H2_D04
WB_D2D_H1_D08
WB_D2D_H2_D09
WB_D2D_H2_D10
WB_AP2D_H2_D11
WB_AP2D_H2_D12
WB_AP2D_H2_D13
WB_AP2D_H2_D14



IMPORTANT NOTE: all data contained in the annex spreadsheet belongs to Nokia and Aalborg University and remains unpublished at the time that it is shared with the 3GPP partners (RAN1#97, May 2019). The data is shared with the partners with the sole purpose of fitting some of the parameters of the 3GPP Indoor IIoT channel model. For any other use/purpose on enquiry, please contact Ignacio Rodriguez-Larrad (ignacio.rodriguez_larrad.ext@nokia.com).													
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