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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In 3GPP RAN#81 meeting, a new study item (SI) was approved [1] to study on channel model for indoor industrial scenarios. It was recognized that the current 3GPP channel model in TR 38.901 [2] contains a common channel model with scenario-specific model parameters and settings for scenarios such as Urban Macro, Urban Micro, Rural Macro, and Indoor Hotspot (InH). However, it is noted that InH is based on indoor office / shopping mall environment. To address industrial scenarios that exhibit more diverse and unique environmental features, see the LS from 5G-ACIA in RP-181521 [3], it is needed that the InH in TR 38.901 should be extended to cover additional characteristics of industrial scenarios.
In 3GPP RAN1 #96bis meeting, a number of agreements for the indoor industrial channel model SI were reached. Regarding to the scenario description, four industry sub-scenarios are agreed,
· 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)
In 3GPP RAN1 #97 meeting and the following email discussion, it is been agreed that the delay spread is factory hall volume dependence, but whether to use common or separate RMS delay spread (DS) parameterizations per sub-scenario and the need for frequency- and distance-dependence is FFS. Companies are encouraged to provide CDFs and percentiles + parameterizations per sub-scenario for hall volume dependence parameters, e.g. delay spread. For the angle spread characteristics, there is no too much discussion in previous meetings, but a general agreement is to collect LSP proposals from all companies using the excel file in R1-1907407 as the template, and then merge these proposals into a single table.
[bookmark: OLE_LINK7]In this contribution, we provide further consideration of fast fading channel model in industrial factory environments, e.g. RMS delay spread vs hall volume, angle spread, etc., based on the [3][4][5] as well as discussion output in previous meetings. 
Further consideration of fast fading channel model
Compared to InH scenario defined in TR 38.901, IIOT scenario has many metallic structures. These metallic structures increase the reflection of signals and create a received signal with numerous multi-path components. Due to the multipath richness, the delay spread, angle spread, and cluster properties are usually different from a typical office environment. Meanwhile, a high density of metallic objects often produces NLOS situations, which means that the LOS probability should be further evaluated for industrial environments. In addition, the materials (absorbent or reflective), building volume and object density could also affect fast fading.
The roof may often be metallic spread all over the factory space, implying an effect similar to ground reflection (two-ray/three-ray) but stronger reflection coefficient than concrete/asphalt. It could add to higher small scale fading variations, occasionally more coverage but may also add to the delay spread. In this section, further consideration of RMS DS and angle spread are provided.
RMS DS in industrial environment
It is been observed that the RMS DS in IIOT is dependent on the volume by some measurements [6] and other literature references [7]. In RAN1 97 meeting, it is also been agreed that the RMS DS is dependent on the hall volume, and further study is needed to investigate whether to use common or separate RMS DS parameterizations per sub-scenario and whether is dependent of frequency. In this section, we provide some further considerations of RMS DS modelling in IIoT environment.
Existing literature review and measurement data 
Based on the references in [8]-[32] and additional contributions listed in [34], we have summarized the following RMS DS measurement data in Table 1. RMS DS at 99th and 99.9th percentile are provided with different factory hall volume and frequency. It is worth noting that the results based on literatures are mainly estimated from DS cumulative distribution function (CDF) figures, tables or content descriptions, while the results based on measurements provided by each company are estimated by 99th percentile lgDS=μlgDS+2.33*σlgDS and 99.9th percentile lgDS=μlgDS +3.09*σlgDS. 
Table 1. Observations of RMS DSs in industrial measurements
	Frequency
[GHz]
	Hall size
	RMS DS
 [ns]
	99th RMS DS 
[ns]
	99.9th RMS DS
  [ns]
	Reference

	2
	 4x8x3 m
	LOS:10-30
NLOS:15-45 
	LOS:28
NLOS:43 
	LOS:30
NLOS:45 
	[9]

	5.85
	29x15x7.3 m
	LOS: 20-48 
NLOS: 17-55 
	LOS: 43
NLOS:50
	LOS: 47
NLOS:54
	[10]

	3
	20x22x5 m 
	85 
	70
	80
	[11]

	1.3
	20x77x12 m 
	LOS: 30-63  
NLOS: 35-66 
	LOS: 61 
NLOS: 64 
	LOS: 63  
NLOS: 66 
	[12]

	1.3
	SiteB:74 x 100 x 10m 
	LOS:25-130 
NLOS:25-130
	LOS:120 
NLOS:125
	LOS:130 
NLOS:130
	[13]

	1.3
	SiteC:100 x 100 x 10m
	LOS:30-275
NLOS:80-140
	LOS:260 
NLOS:135
	LOS:270 
NLOS:140
	[13]

	1.3
	SiteF:30 x 70 x 10m
	LOS:40-140 NLOS:40-150
	LOS:135 
NLOS:145
	LOS:138 
NLOS:148
	[13] 

	4.3
	94x70x10 m

	30-50 
	45
	50
	[14]

	5.2
	120x20 x5m 
	40-140 

	130
	138
	[15]

	5.2
	300x120x30 m 
	40-300 
	292
	297
	[15]

	2
	15x17x5m, 18x27x5m,
20x30x6 m
	<50 
	48
	50
	[16]

	2.4
	100x50x6m
	10-200 
	190
	195
	[17]

	2.45
	85x150x8 m  
	LOS:101
NLOS: 220
	LOS:95
NLOS:200
	LOS:100
NLOS:215
	[18]
[19]

	5.8
	130x59x8 m 
	LOS:< 9.37 
NLOS:< 15 
	LOS:9
NLOS:15
	LOS:9
NLOS:15
	[20]

	7
	20x50x5 m 
	LOS: 2-15 
 NLOS: 3-25 
	LOS: 14
NLOS:22
	LOS: 15
NLOS:24
	 [21]

	2.4
	16x45x10 m 
	30-105 
	102
	105
	[22]

	54
	40x20x3 m 
	LOS: <12 
NLOS: <53 
	LOS: 10 
NLOS: 50 
	LOS: 12 
NLOS: 53 
	[23]

	3.5
	100x50x5 m 
	20-300 

	101
	210
	[24]

	3.5
	75x75x10 m 
	20-136 
	97
	117
	[24]

	5
	400x400x12 m 
	0-300 
	290
	295
	[25]

	5
	20x80x7.6 m  
	0-90 
	80
	88
	[25]

	5
	12x15x7.6 m 
	15-140 
	130
	138
	[25]

	0.433
	44x70x16m
	12-95
	80
	94
	[26]

	3.1
	13.6x9.1x8.2m
	LOS:28-31
NLOS:34-40
	LOS:30
NLOS:39
	LOS:31
NLOS:40
	[27]

	4
	100x50x5
	LOS:10-100
NLOS:10-125
	LOS:85
NLOS:115
	LOS:90
NLOS:125
	[28]

	4.9
	50x70x12m
	
	LOS:336
NLOS:382
	LOS:465
NLOS:517
	CMCC

	28
	50x70x12m
	
	LOS:164
NLOS:338
	LOS:245
NLOS:571
	CMCC

	19.85
	28x35x10 m  
	
	LOS:131
NLOS:217
	LOS:162
NLOS:263
	DOCOMO

	28
	63m diameter
16-18.5m height
	
	LOS:98
NLOS:131
	LOS:120
NLOS:158
	HII

	3.5
	150x100x10 m
	
	LOS:125
NLOS:260
	LOS:168
NLOS:265
	Huawei

	6.75
	23x25x5 m 
	
	LOS:38
NLOS:91
	LOS:42
NLOS:118
	Huawei

	33.75
	23x25x5 m 
	
	LOS:34
NLOS:81
	LOS:38
NLOS:106
	Huawei

	60.75
	23x25x5 m 
	
	LOS:30
NLOS:60
	LOS:34
NLOS:78
	Huawei

	28
	80x180x25
	
	LOS:133
NLOS:285
	LOS:175
NLOS:427
	ZTE



RMS DS vs frequency
In order to evaluate the relationship between RMS DS and frequency, Fig. 1 provides the 99th percentile of RMS DS under different frequencies for the LOS and NLOS scenarios. It is observed that the RMS DS frequency dependence is unclear because of the limited data samples of high frequency.
[image: ][image: ]
Fig.1 99th percentile of RMS DS vs frequency for the (a) LOS and (b) NLOS scenario

Observation 1: It is observed that the RMS DS frequency dependence is unclear because of the limited data samples of high frequency.

RMS DS model
Paper [24] provides the RMS DS in the open production space (OPS) and dense factory clutter (DFC) scenarios, it shows that sometimes there are some big differences between 99th percentile of RMS DS and 99.9th percentile of RMS DS. For example, in the OPS scenario, the RMS DS is 101 ns and 210 ns at 99th and 99.9th percentile for D2D link configurations, respectively. In [29], the CDF of measured DS in NLOS environment shows 99th percentile is 170ns, while 99.9th percentile is up to 270ns.
Observation 2: Some measurements indicate that there is a large difference between 99th percentile of RMS DS and 99.9th percentile of RMS DS.

The measurements of σlgDS provided in [34] are listed in the Table 2. The mean value 0.15 and 0.19 can be used as the σlgDS for the LOS and NLOS scenario, respectively.

Table 2. Measurements in [34] of σlgDS
	
	CMCC
	DOCOMO
	HII
	Huawei
	ZTE
	Ericsson
	CEA
	mean

	σlgDS(LOS)
	0.186
0.23
	0.12
	0.12
	0.06
	0.157
	0.18
	0.133
	0.15

	σlgDS(NLOS)
	0.1727
0.3
	0.11
	0.11
	0.15
	0.23
	0.18
	0.25
	0.19



Proposal 1: Use the mean value 0.15 and 0.19 as the σlgDS for the LOS and NLOS scenario, respectively.

For the LOS and NLOS scenario, the scatter plot of 99.9th and 99th percentile of RMS DS vs the factory hall volume and the factory hall volume to surface area ratio is shown in Figs. 2-5, where the surface area means the surface area of a rectangular hall, including the floor, roof and walls. The corresponding fitting formulas for the mean RMS delay μlgDS are given in the Table 3. The range of measurement results is huge. E.g., the 99th percentile of RMS DS varies from ~20 to ~400 ns in ~50 000 m3 hall volume in Fig. 4 a). Companies are encouraged to consider modelling method for that variability.
Observation 3: There is a wide range of measurement results even in the same hall volume.
[image: ][image: ]
(a)                                                                                     (b)
Fig. 2 99.9th percentile of RMS DS vs (a) the factory hall volume and (b) the factory hall volume to surface area ratio for the NLOS scenario

[image: ][image: ]
(a)                                                                                     (b)
[bookmark: _Ref4701990]Fig. 3 99.9th percentile of RMS DS vs (a) the factory hall volume and (b) the factory hall volume to surface area ratio for the LOS scenario
[image: ][image: ]
(a)                                                                                     (b)
Fig. 4 99th percentile of RMS DS vs (a) the factory hall volume and (b) the factory hall volume to surface area ratio for the NLOS scenario
[image: ] [image: ]
(a)                                                                                     (b)
Fig. 5 99th percentile of RMS DS vs (a) the factory hall volume and (b) the factory hall volume to surface area ratio for the LOS scenario

Table 3. Corresponding fitting formulas of μlgDS
	Estimation of mean RMS DS using the 99.9th percentile of DS

	
	LOS
	NLOS

	Option1
	μlgDS=log10(73log10(max(V,1000))-186)-9.46
	μlgDS=log10(88log10(max(V,1000))-218)-9.59

	Option2
	μlgDS=log10(30(V/S)+24)-9.46
	μlgDS=log10(36(V/S)+36)-9.59

	μlgDS (LOS)= μlgDS (NLOS)+log10(0.69)

	Estimation of mean RMS DS using the 99th percentile of DS

	
	LOS
	NLOS

	Option1
	μlgDS=log10(64log10(max(V,1000))-172)-9.35
	μlgDS=log10(75log10(max(V,1000))-188)-9.44

	Option2
	μlgDS=log10(26(V/S)+14)-9.35
	μlgDS=log10(30(V/S)+32)-9.44

	μlgDS (LOS)= μlgDS (NLOS)+log10(0.65)



Proposal 2: The effect of the hall volume or the ratio of volume to surface area can be considered in the RMS DS model.

Comparison of RMS DS model in two fitting modes
Actually, the scatter plot in Fig. 2-5 shows that the RMS DS increases as the hall volume increases or the ratio of volume to surface area increases. [33] mentioned that these two modes to fit the RMS DS are roughly equivalent in typical factory sizes. Fig. 6 shows a comparison of two fitting modes at different wall heights (i.e., h) when the ratio of length to width of a rectangular building (i.e., k) is fixed, where the formulas used in Fig. 6 are shown in Table 3. These two fitting modes show a larger difference with the change of wall height. When the wall height is 5 m, the differences in RMS DS between two fitting modes is up to 100ns. In addition, in the case of the same factory volume, Fig. 7 shows the 99.9th percentile of RMS DS results with fixed hall volume, and different parameters k and h using the Option2, i.e., RMS DS99th= 36(V/S)+36. It can be concluded that considering the relationship between DS and ratio of volume to surface area, the wall height may have a greater impact on RMS DS in typical factory sizes, while the impact of ratio of length to width on RMS DS is small.
[image: ]
Fig. 6 99.9th percentile of RMS DS under different wall heights using formulas mentioned in Table 3


  [image: ] [image: ]
Fig.7 99.9th percentile of RMS DS with the same factory size at (a) different ratios of length to width of a rectangular building k, and (b) different wall heights h

Observation 4: For the method of capturing the DS by considering the ratio of volume to surface area, the wall height may have a greater impact on RMS DS in typical factory sizes, while the impact of ratio of length to width on RMS DS is small.
To further explore the differences in the results of the two fitting modes of RMS DS, Fig. 8 and 9 show the comparison of the DS between two fitting modes and the actual measured data with a fixed value of k at different wall heights h. Based on the existing measurement data listed in Table 1, it can be seen that the Option2 exhibits an earlier convergence, and presents a large difference compared to some actual measured values in some typical factory sizes. However, due to the limited amount of data available, which option is better still need to be further studied.
[image: ]
Fig. 8 Comparison of 99.9th percentile of RMS DS between two fitting modes and measured values with k=1 at different wall heights (These points represent some measurement campaign listed in Table 1, and curves and points with the same color indicate the results at the same height.)

[image: ]
Fig. 9 Comparison of 99.9th percentile of RMS DS between two fitting modes and measured values with k=2 at different wall heights
Observation 5: Based on the existing measurement data, it can be observed that Option2 shows a large difference compared to some actual measured values in some typical factory sizes. However, due to the limited amount of data available, which option is better still need to be further studied.

Angle spread characteristics
The different volumes and building material characteristics between factory hall and InH may also affect the angular spread. The multipath richness (the higher number of multipath components) suggests wider angular spread. In the measurement campaign [32][34], the ASA, ASD and ESA is different from TR 38.901 InH scenario, see Table 4.
[bookmark: _Ref533000351]Table 4 Angle spread characteristics comparison between 3GPP TR 38.901 and 
New measurement campaigns for IIoT
	Scenarios
	Indoor-Office
	New Measurement from Huawei

	
	LOS
	NLOS
	LOS
	NLOS_2
	NLOS_4

	AOD spread (ASD)
lgASD=log10(ASD/1)
	lgASD
	1.60
	1.62
	Huawei(Munich): 1.57 (6.75GHz)
Huawei(Munich): 1.51 (33.75GHz)
Huawei(Munich): 1.45 (60.75GHz)
Huawei (Shanghai):
1.36 (3.5GHz)
	Huawei (Shanghai): 
1.4(3.5GHz)
	

	
	lgASD
	0.18
	0.25
	
	
	

	AOA spread (ASA)
lgASA=log10(ASA/1)
	lgASA
	-0.19 log10(1+fc) + 1.781

	-0.11 log10(1+fc) + 1.863 
	Huawei(Munich): 1.89 (6.75GHz)
Huawei(Munich): 1.85 (33.75GHz)
Huawei(Munich): 1.81 (60.75GHz)
Huawei(Shanghai)
1.82(3.5GHz)
	Huawei (Shanghai): 
1.84(3.5GHz)
	

	
	lgASA
	0.12 log10(1+fc) + 0.119
	0.12 log10(1+fc) + 0.059
	
	
	

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1)
	lgZSA
	-0.26 log10(1+fc) + 1.44
	-0.15 log10(1+fc) + 1.387
	Huawei(Munich): 1.49 (6.75GHz)
Huawei(Munich): 1.44(33.75GHz)
Huawei(Munich): 1.41 (60.75GHz)
Huawei (Shanghai):
1.33 (3.5GHz)
	Huawei (Shanghai):
1.43(3.5GHz)
	Huawei(Munich): 1.50 (6.75GHz)
Huawei(Munich): 1.46(33.75GHz)
Huawei(Munich): 1.43 (60.75GHz)

	
	lgZSA
	-0.04 log10(1+fc) + 0.264
	-0.09 log10(1+fc) + 0.746
	
	
	

	ZOD spread (ZSD)
lgZSD=log10(ZSD/1)
	lgZSD
	-1.43 log10(1+ fc)+2.228
	1.08
	Huawei 1.60 (Munich)
Huawei 1.15 (Shanghai)
	Huawei 1.39 (Shanghai)
	Huawei 1.62 (Munich)

	
	lgZSD
	0.13 log10(1+fc)+0.30
	0.36
	Huawei(Munich): 0.01 log10 (1+fc)+0.003

	
	Huawei(Munich):0.01log10(1+fc)+0.002



According to the measurements, RMS angle spread depends strongly on the factory environment, the angle spread trend is different from InH scenario in TR38.901:
The value of AoD spread in IIOT scenario is slightly lower than TR38.901 InH scenario.
In terms of the AoA spread, IIOT scenario shows consistent, but not very strong frequency dependence. Similar applies for the ZoA spread. 
For the ZoD spread, frequency dependency is not very clear.
Observation 6: Based on the IIOT measurements, there is a consistent frequency dependency in case of AoD, AoA, and ZoA, in particular for the simultaneous multi-band measurements in 6.75, 33.75, and 60.75 GHz. The frequency dependency is however not too strong.

Proposal 3: Angle spread model with frequency dependence is FFS.

[bookmark: _Ref129681832]Conclusion
According to the above discussions, we have the following observations:
Observation 1: It is observed that the RMS DS frequency dependence is unclear because of the limited data samples of high frequency.
Observation 2: Some measurements indicate that there is a large difference between 99th percentile of RMS DS and 99.9th percentile of RMS DS.
Observation 3: There is a wide range of measurement results even in the same hall volume.
[bookmark: _GoBack]Observation 4: For the method of capturing the DS by considering the ratio of volume to surface area, the wall height may have a greater impact on RMS DS in typical factory sizes, while the impact of ratio of length to width on RMS DS is small.
Observation 5: Based on the existing measurement data, it can be observed that Option2 shows a large difference compared to some actual measured values in some typical factory sizes. However, due to the limited amount of data available, which option is betters still need to be further studied.
 Observation 6: Based on the IIOT measurements, there is a consistent frequency dependency in case of AoD, AoA, and ZoA, in particular for the simultaneous multi-band measurements in 6.75, 33.75, and 60.75 GHz. The frequency dependency is however not too strong.

These observations on characteristic differences between InH scenario and typical indoor industrial environments may lead to the different propagation parameters and models, Thus, we have the following proposals: 
Proposal 1: Use the mean value 0.15 and 0.19 as the σlgDS for the LOS and NLOS scenario, respectively.
Proposal 2: The effect of the hall volume or the ratio of volume to surface area can be considered in the RMS DS model.
Proposal 3: Angle spread model with frequency dependence is FFS.
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