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In RAN1#96b and recently email discussion, the following aspects regarding fast fading modeling were agreed:
Agreements:
· The channel model should cover 0.5-[100] GHz, where the upper range can be less than 100 GHz depending on the availability of scientifically validated measurement and/or simulation data that the model can be validated against
· Note: According to the SID, priority should be given to channel modeling for frequency ranges below 52.6GHz
Agreements:
· A common modeling methodology for all bands should be adopted, where model parameters can be frequency-dependent
· Note: Some additional model components, such as oxygen absorption or EM interference from machinery, may be applicable only to a subset of frequencies.
Agreements:
For comparison results from different sources, the following is recommended
· For mean angle and angular spread, the definitions in 38.901 Annex A should be used
· For all other parameters, the definitions and procedures for calculation of parameter values should follow WINNER II part 2
· Consider the guidance for comparability in mmMAGIC D2.2 Table 3.1 when comparing results from different frequencies
· Companies are encouraged to describe any additional methods used for data extraction like super-resolution methods
Agreements:
Introduce four industrial sub-scenarios
· Sub-scenario 1: Low clutter density, both Tx and Rx antennas are clutter-embedded (LOS or NLOS)
· Sub-scenario 2: High clutter density, both Tx and Rx antennas are clutter-embedded (LOS or NLOS)
· Sub-scenario 3: Low clutter density, one of Tx or Rx is elevated above the clutter (LOS or NLOS)
· Sub-scenario 4: High clutter density, one of Tx or Rx is elevated above the clutter (LOS or NLOS)
· Definition of “low” and “high” clutter density is FFS
· As a starting point, a common set of fast fading parameters are used for LOS in all four sub-scenarios
· FFS if other parameters can be merged across scenarios
· Companies are encouraged to provide parameterizations for each of the sub-scenarios
· Path loss model
· LOS probability
· Fast fading model parameters
· FFS on the need for further sub-scenarios, e.g. for sensors embedded within cubicles or machinery 

Agreements:
Use the fast fading modelling framework of TR 38.901 for the industrial scenario
· Companies are encouraged to provide contributions on parameter values for the different sub-scenarios
· For parameters where there are no measurements, use values from InH as the baseline
· Note: The InH parameters may be “smartly adapted” 
Agreements:
The hall volume dependence of the channel model parameters such as the delay spread is FFS
· Companies are encouraged to provide CDFs and percentiles + parameterizations per sub-scenario
This contribution addresses the RMS delay spread based on ray tracing in a typical 5G-ACIA scenario.
Simulation
Simulation scenario
An indoor industrial scenario is depicted in [1] with its internal layout shown in Figure 2.1 and Table 2-1.
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Figure 2.1 Industrial IOT scenario with multi-functionality sub-areas
Table 2-1 Configuration for IIOT channel model simulation
	Position of Base stations
	Base stations with height selected from {2m, 10m ,15m and 22m} are located in 5 different XY positions:
BS2_1: [45 20 2]; BS2_2: [45 60 2]; BS2_3: [90 40 2]; BS2_4: [135 20 2]; BS2_5: [135 60 2]
BS10_1: [45 20 10]; BS10_2: [45 60 10]; BS10_3: [90 40 10]; BS10_4: [135 20 10]; BS10_5: [135 60 10]
BS15_1: [45 20 15]; BS15_2: [45 60 15]; BS15_3: [90 40 15]; BS15_4: [135 20 15]; BS15_5: [135 60 51]
BS22_1: [45 20 22]; BS22_2: [45 60 22]; BS22_3: [90 40 22]; BS22_4: [135 20 22]; BS22_5: [135 60 22]
* Refer to Figure 2.1 for the locations of gNB in XOY plane, where AntN refer to BSh_N for h= {2,10,15,22}m and N= {1,2,3,4,5}, respectively.

	Position of UE’s
	200 UEs are uniformly distributed with UE height =1.5m as shown in Figure 2.2.

	Carrier Frequency
	2GHz; 5GHz; 28GHz; 38GHz; 52GHz; 72GHz; 100GHz;


The simulation in this paper is based on ray tracing with three-order reflections and single-order diffraction. 
Simulation results
The results of RMS delay spread are illustrated in the Annex (Figure A.1-1~A.1-4). The simulation data are summarized from 5 base stations with the same height and the same frequency. 
Observation1: It is observed from Figure A.1-2 and Figure A.1-4 that RMS delay spread is frequency-independent.
Observation2: It is observed from Figure 2.2 that RMS delay spread in NLOS is larger than that in LOS.
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(a) Area1, BS 2m, 28GHz       (b) Area1, BS 15m, 28GHz      (c) Area4, BS 2m, 28GHz        (d) Area4, BS 15m, 28GHz
Figure 2.2 Comparison of RMS delay spread in LOS and NLOS state

Observation3: RMS delay spread in BS embedded condition (BS height =2 m) is smaller than that in BS elevated condition (BS height =10 m, 15 m, 22m).
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(a) Area1, LOS, 28GHz          (b) Area1, NLOS, 28GHz        (c) Area4, LOS, 28GHz         (d) Area4, NLOS, 28GHz
Figure 2.3 Comparison of RMS delay spread in BS embedded and BS elevated
Figure 2.4 shows the comparison of 99th percentile of RMS delay spread vs the factory hall volume between simulation and measurement results in [3].
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Figure 2.4 99th percentile of RMS delay spread vs the factory hall volume
RMS delay spread model
Model
RMS delay spread model follows the log normal distribution as in TR38.901:

                                              (3-1)
where 
	  μlgDS is the mean value of lg(DS).
	  σlgDS is the standard deviation of lg(DS).
The fitting example of RMS delay spread is shown in Figure A.2 and the fitting results for RMS delay spread are shown in the Table 3-1-1~3-1-2, and Figure A.3-1~A.3-4.
Table 3-1-1 Fitting Results of μlg(DS)
	　
	Sub scenario
	BS height
	μ

	
	
	
	2 GHz
	5 GHz
	28 GHz
	38 GHz
	52 GHz
	72 GHz
	100 GHz
	Mean

	LOS
	BS embedded in Area1
	2 m
	-7.286 
	-7.302 
	-7.320 
	-7.322 
	-7.324 
	-7.326 
	-7.327 
	-7.315 

	
	BS embedded in Area4
	2 m
	-7.266 
	-7.280 
	-7.291 
	-7.292 
	-7.292 
	-7.293 
	-7.293 
	-7.287 

	
	BS elevated in Area1
	10 m
	-7.213 
	-7.214 
	-7.215 
	-7.215 
	-7.215 
	-7.215 
	-7.215 
	-7.214 

	
	
	15 m
	-7.195 
	-7.192 
	-7.190 
	-7.190 
	-7.190 
	-7.190 
	-7.190 
	-7.191 

	
	
	22 m
	-7.153 
	-7.151 
	-7.149 
	-7.149 
	-7.149 
	-7.149 
	-7.150 
	-7.150 

	
	
	Mean
	-7.187 
	-7.186 
	-7.185 
	-7.185 
	-7.185 
	-7.185 
	-7.185 
	-7.185 

	
	BS elevated in Area4
	10 m
	-7.223 
	-7.225 
	-7.225 
	-7.225 
	-7.225 
	-7.225 
	-7.225 
	-7.225 

	
	
	15 m
	-7.175 
	-7.174 
	-7.173 
	-7.173 
	-7.173 
	-7.172 
	-7.172 
	-7.173 

	
	
	22 m
	-7.155 
	-7.155 
	-7.154 
	-7.154 
	-7.154 
	-7.154 
	-7.154 
	-7.154 

	
	
	Mean
	-7.185 
	-7.185 
	-7.184 
	-7.184 
	-7.184 
	-7.184 
	-7.184 
	-7.184 

	NLOS
	BS embedded in Area1
	2 m
	-7.113 
	-7.127 
	-7.155 
	-7.160 
	-7.164 
	-7.168 
	-7.172 
	-7.151 

	
	BS embedded in Area4
	2 m
	-7.151 
	-7.158 
	-7.175 
	-7.178 
	-7.182 
	-7.185 
	-7.189 
	-7.174 

	
	BS elevated in Area1
	10 m
	-7.007 
	-6.994 
	-6.989 
	-6.990 
	-6.992 
	-6.994 
	-6.996 
	-6.995 

	
	
	15 m
	-6.950 
	-6.932 
	-6.927 
	-6.929 
	-6.931 
	-6.935 
	-6.938 
	-6.935 

	
	
	22 m
	-7.071 
	-7.063 
	-7.062 
	-7.064 
	-7.065 
	-7.066 
	-7.068 
	-7.066 

	
	
	Mean
	-7.009 
	-6.996 
	-6.993 
	-6.994 
	-6.996 
	-6.998 
	-7.001 
	-6.998 

	
	BS elevated in Area4
	10 m
	-6.990 
	-6.985 
	-6.988 
	-6.989 
	-6.990 
	-6.990 
	-6.991 
	-6.989 

	
	
	15 m
	-6.951 
	-6.942 
	-6.935 
	-6.935 
	-6.935 
	-6.936 
	-6.937 
	-6.939 

	
	
	22 m
	-7.014 
	-7.013 
	-7.017 
	-7.019 
	-7.021 
	-7.023 
	-7.025 
	-7.019 

	
	
	Mean
	-6.985 
	-6.980 
	-6.980 
	-6.981 
	-6.982 
	-6.983 
	-6.984 
	-6.982 


Table 3-1-2 Fitting Results of σ
	　
	Sub scenario
	BS height
	σ (normal std. deviation)

	
	
	
	2 GHz
	5 GHz
	28 GHz
	38 GHz
	52 GHz
	72 GHz
	100 GHz
	Mean

	LOS
	BS embedded in Area1
	2 m
	0.189 
	0.206 
	0.236 
	0.241 
	0.246 
	0.250 
	0.255 
	0.232 

	
	BS embedded in Area4
	2 m
	0.136 
	0.145 
	0.155 
	0.156 
	0.157 
	0.157 
	0.158 
	0.152 

	
	BS elevated in Area1
	10 m
	0.137 
	0.140 
	0.142 
	0.143 
	0.143 
	0.143 
	0.143 
	0.141 

	
	
	15 m
	0.122 
	0.124 
	0.127 
	0.127 
	0.127 
	0.127 
	0.127 
	0.126 

	
	
	22 m
	0.103 
	0.105 
	0.108 
	0.108 
	0.108 
	0.108 
	0.108 
	0.107 

	
	
	Mean
	0.120 
	0.123 
	0.126 
	0.126 
	0.126 
	0.126 
	0.126 
	0.125 

	
	BS elevated in Area4
	10 m
	0.127 
	0.134 
	0.140 
	0.140 
	0.141 
	0.141 
	0.141 
	0.138 

	
	
	15 m
	0.116 
	0.120 
	0.124 
	0.124 
	0.124 
	0.124 
	0.124 
	0.122 

	
	
	22 m
	0.092 
	0.095 
	0.097 
	0.098 
	0.098 
	0.098 
	0.098 
	0.097 

	
	
	Mean
	0.112 
	0.117 
	0.120 
	0.121 
	0.121 
	0.121 
	0.121 
	0.119 

	NLOS
	BS embedded in Area1
	2 m
	0.189 
	0.213 
	0.252 
	0.259 
	0.266 
	0.273 
	0.280 
	0.247 

	
	BS embedded in Area4
	2 m
	0.188 
	0.205 
	0.233 
	0.238 
	0.242 
	0.247 
	0.251 
	0.229 

	
	BS elevated in Area1
	10 m
	0.195 
	0.211 
	0.228 
	0.228 
	0.228 
	0.227 
	0.226 
	0.220 

	
	
	15 m
	0.180 
	0.200 
	0.233 
	0.236 
	0.239 
	0.241 
	0.243 
	0.225 

	
	
	22 m
	0.277 
	0.285 
	0.299 
	0.301 
	0.304 
	0.307 
	0.310 
	0.298 

	
	
	Mean
	0.217 
	0.232 
	0.253 
	0.255 
	0.257 
	0.258 
	0.260 
	0.248 

	
	BS elevated in Area4
	10 m
	0.185 
	0.190 
	0.194 
	0.194 
	0.195 
	0.196 
	0.197 
	0.193 

	
	
	15 m
	0.191 
	0.192 
	0.203 
	0.205 
	0.206 
	0.207 
	0.208 
	0.202 

	
	
	22 m
	0.192 
	0.193 
	0.194 
	0.194 
	0.194 
	0.193 
	0.193 
	0.193 

	
	
	Mean
	0.189 
	0.191 
	0.197 
	0.198 
	0.198 
	0.199 
	0.199 
	0.196 



Observation4: It is observed in Figure 3.1 that RMS delay spread in IIoT scenario is larger than that in InH-Office [2] .
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                  (a) LOS                                        (b) NLOS
Figure 3.1 Comparison of RMS delay spread in IIoT scenario and InH-Office
Proposal 1: To take into account the RMS DS results in this paper when concluding a merged DS in IIOT sub-scenarios.
Conclusion
This contribution concludes with the following observations and proposals:
Observation1: It is observed from Figure A.1-2 and Figure A.1-4 that RMS delay spread is frequency-independent.
Observation2: It is observed from Figure 2.2 that RMS delay spread in NLOS is larger than that in LOS.
Observation3: RMS delay spread in BS embedded condition (BS height =2 m) is smaller than that in BS elevated condition (BS height =10 m, 15 m, 22m).
Observation4: It is observed in Figure 3.1 that RMS delay spread in IIoT scenario is larger than that in InH-Office [2] .
Proposal 1: To take into account the RMS DS results in this paper when concluding a merged DS in IIOT sub-scenarios.
References
[1]  [bookmark: _Ref7167516]R1-1902112, About IIOT scenario, ZTE, Sanechips, BJTU, Tongji University
[2]  [bookmark: _Ref7168300]TR 38.901-15.0.0, Study on channel model for frequencies from 0.5 to 100 GHz.
[3]  [bookmark: _GoBack]R1-1905202, A review on delay spread results in industrial environment, Ericsson, CEA-LETI
Annex
Note:  Delay spread (DS)
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Area1 (Low clutter density):
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52 GHz                                         72 GHz 
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100GHz
Figure A.1-1 RMS delay spread in Area1 for different BS heights
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2 m                                         10 m
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15 m                                         22 m
Figure A.1-2 RMS delay spread in Area1 for different frequencies

Area4 (High clutter density):
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52 GHz                                         72 GHz 
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100GHz
Figure A.1-3 RMS delay spread in Area4 for different BS heights
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15 m                                         22 m
Figure A.1-4 RMS delay spread in Area4 for different frequencies
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100GHz
Figure A.2 Fitting example of RMS delay spread with respect to frequency in Area1, LOS, 2 m BS height
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                        μlgDS                                             σlgDS
Figure A.3-1 Fitting results of RMS delay spread with respect to frequency and BS height in Area1 in LOS
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Figure A.3-2 Fitting results of RMS delay spread with respect to frequency and BS height in Area1 in NLOS
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Figure A.3-3 Fitting results of RMS delay spread with respect to frequency and BS height in Area4 in LOS
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Figure A.3-4 Fitting results of RMS delay spread with respect to frequency and BS height in Area4 in NLOS
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