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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 this contribution, we provide a summary of path loss models based on previous meetings and the E-mail discussion output in R1-1907968. Raw data is attached as an Excel file in the same .zip file as this document.
Background
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 were 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)
However, the definition of “low” and “high” clutter density need to be further discussed.
The following agreements with relevance to the path loss modeling were reached at RAN1#97:
Regarding the method to merge path loss models per sub-scenario, the following agreements were reached:
· Perform multi-dimensional regression as a starting point
· FFS on weighting of results from different sources
· For the merging:
· Collect raw data (distance, power, frequency, antenna height, and sub-scenario) from companies. Companies are encouraged to share the raw data via the channel model reflector
· Generate random variables from different path loss models where the raw data is not available, taking care to use similar number of samples as used to fit the reported model. Companies are encouraged to share model parameters using the excel file as in R1-1907405
· Fit the path loss and shadow fading using the combined raw data and generated random data
Considerations of unified path loss models
In 3GPP RAN1 #97 meeting, it has been agreed to use the ABG or CI path loss model. Regarding to the frequency-dependence on the A and B parameters in the ABG model is FFS. The classical equation for the ABG model is given by

Where  and  represents the dependence on distance and frequency, while  is the optimized offset for the path loss in dB. When  is equal to 0 or 2, it reverts to the classical floating intercept point (also called AB model).
The equation for Close-In (CI model) is given by

Where the intercept point is given by the free space path loss model at frequency  and reference distance   is the path loss exponent obtained when considering the free space path loss as reference.
Considering the complexity to provide path loss model which consider both distance and frequency dependence together, the ABG model which can be derived by multi-dimensional regression method is considered as a starting point. Compared to CI mode, ABG model has the advantage that smaller shadow fading standard deviation. It also has the advantage of being easy to use, raw measurement data can be used to fit model directly. CI model is often able to get an expected upward trend when the Tx-Rx distance increases, this is useful when the ABG fitting curve is not stable due to the abnormal measurement point samples.
Because the ABG model is straightforward to use multi-dimensional regression, this document provides the summary of path loss model based on this model. In addition, some sensitivity analysis is also provided to test the performance.
[bookmark: _Ref129681832]Raw measurement data and regenerated samples
Two types of path loss raw measurement data are provided in 3GPP.
· One is the raw measurement data from each company. These companies also shared the raw data via the 3GPP channel model reflector
· Another way is to generate random realizations of the different path loss models where the raw data is not available, taking care to use similar number of samples as used to fit the reported model. Companies already shared model parameters using the excel file as in R1-1907405
In this section, a detailed analysis of the raw measurement data and the regenerated data samples is provided.
Raw measurement data samples
Raw path loss data was shared by several companies: CEA-LETI, CMCC, Fraunhofer HHI, Fraunhofer IIS, Huawei, Nokia, and NTT DOCOMO. The data samples are combined per sub-scenario, and the proposed combined models use multiple data sources in each sub-scenario as shown in Table 1. All the data samples are available online at [4]. It should be noted that although the definition of “low” and “high” clutter density needs to be further discussed, most of the companies believe that above around 35% clutter in the factory can be considered as high clutter density type.
[bookmark: _Ref13483693]Table 1. Raw Measurement Data
	Sub-scenario
	NLOS/LOS
	Source

	1
	NLOS
	CMCC, NTT DOCOMO[15] [16]

	2
	NLOS
	CEA-LETI, Fraunhofer HHI, Fraunhofer IIS, Huawei, Nokia[17] [18][20][21]

	3
	NLOS
	N/A

	4
	NLOS
	Fraunhofer HHI, Fraunhofer IIS, Huawei, Nokia[18][19][20] [21]

	All
	LOS
	CEA-LETI, CMCC, Fraunhofer HHI, Fraunhofer IIS, Huawei, Nokia, NTT DOCOMO[16] [17] [18] [19][20][21]


It should be noted that no sub-scenario 3 raw measurement is provided until last RAN1 meeting.
Additionally, random samples were generated from multiple reference channel models [5], and be classified and organized, the results shown in Table 2. Then the parameters are included in all scenarios (see Table 3) in order to increase the raw data. For more details, see [4]. However, not all of the references in [5] are suitable to generate random samples, due to lacking parameters (e.g. frequency, antenna height, etc.).
Table 2. Re-generate Path loss Data
	Source
	LOS states
	Sub-scenarios
	Frequency

	 [6]
	LOS / NLOS
	1,2
	2.3GHz, 5.7GHz

	 [7]
	LOS/ NLOS
	1,3
	0.9GHz,2.4GHz, 5.2GHz

	 [8]
	LOS / NLOS
	1,2
	1.3GHz

	 [9]
	LOS
	1
	54GHz, 70GHz

	 [10]
	LOS 
	2
	0.9GHz, 1.6GHz, 2.45GHz

	 [11]
	LOS /NLOS
	2
	7GHz

	 [12]
	LOS
	2
	1.1GHz, 2.55GHz, 5.8GHz

	 [13]
	LOS
	2,4
	6.75GHz

	 [14]
	LOS / NLOS
	1
	4.9GHz

	 [15]
	LOS / NLOS
	1
	3.35GHz, 8.45GHz, 27.89GHz

	 [16]
	LOS / NLOS
	1
	28GHz



[bookmark: _Ref13484313]Table 3. Full Data with Raw Measurement and Re-generated
	Sub-scenario
	NLOS/LOS
	Source

	1
	NLOS
	CMCC, NTT DOCOMO[12] [13], references in [5]

	2
	NLOS
	CEA-LETI, Fraunhofer HHI, Fraunhofer IIS, Huawei, Nokia, references in [14] [15][17][18][5]

	3
	NLOS
	References in [5]

	4
	NLOS
	Fraunhofer HHI, Fraunhofer IIS, Huawei, Nokia, references in [5] [15][16][17] [18] 

	All
	LOS
	CEA-LETI, CMCC, Fraunhofer HHI, Fraunhofer IIS, Huawei, Nokia, NTT DOCOMO, references in [5] [13] [14] [15] [16][17][18] 


Analysis of raw measurement data samples
Raw data mentioned above were used to fit the path loss formula for LOS and NLOS states, where NLOS was divided into 4 sub-scenarios. The LOS model was fitted according to the data from all sub-scenarios. In addition to the above analysis, the raw measurement data of sub-scenario 1 and sub-scenario 2 are combined as one model considering both Tx and Rx antennas are clutter-embedded and may be considered as a unified model. Because of the lack of raw measurement data of sub-scenario 3, it is hard to combine sub-scenario 3 and sub-scenario 4. Another considered model is using all NLOS sub-scenario raw data to fit a NLOS model.
The data fitted with “ABG” model, frequency and distance as independent variables are considered in the form of  and .

Table 4. Path loss model (ABG)
	Scenario
	LOS/NLOS
	Path loss [dB], fc is in GHz and d is in meters
	Shadow
fading
std [dB]

	Indoor Industrial 
	LOS
	
	

	
	NLOS
	Sub-scenario 1:

	

	
	
	Sub-scenario 2:
	

	
	
	Sub-scenario 3: 
	

	
	
	Sub-scenario 4:
	

	
	
	Sub-scenario 1+2:

	

	
	
	All Sub-scenario:
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Figure 1. Path loss curves at 3.5 GHz and 28GHz
Observation 1: According to the path loss curves, the NLOS curves of sub-scenario2, sub-scenario3, sub-scenario1+2, all sub-scenarios were found lower than the LOS path loss curves in some distance condition. NLOS curves of sub-scenario 1 and 4 do not show this trend.


Another method for fitting path loss model is fitted with “ABG” model, distance as independent variable are considered in the form of , and frequency considered as. Then we got the following models shown in table 5.

Table 5. Fixed frequency coefficient Path loss model
	Scenario

	LOS/NLOS
	Path loss [dB], fc is in GHz and d is in meters
	Shadow
fading
std [dB]

	Indoor Industrial
	LOS
	
	

	
	NLOS
	Sub-scenario1:

	

	
	
	Sub-scenario2:

	

	
	
	Sub-scenario3:

	

	
	
	Sub-scenario4:

	

	
	
	Sub-scenario 1+2:

	

	
	
	All Sub-scenario:
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Figure 2. Path loss curves at 3.5 GHz and 28GHz

Observation 2: After fixing, the new model has similar standard deviation performance compared to non-fixed model. Meanwhile, the NLOS curves of sub-scenario2, sub-scenario3, sub-scenario1+2, all sub-scenarios were found lower than the LOS path loss curves in some distance assumption. NLOS curves of sub-scenario 1 and 4 do not show this trend.

Observation 3: Sub-scenario 1+2 and all sub-scenario models can improve stability but the curves were found lower than the LOS path loss curves in some distance assumption. It will also weaken the difference characteristics of each sub-scenario.

Considering the issue that some NLOS curves will appear to be lower than the free space path loss and the difficulty of repeating measurements. One compensate method was suggested – “comparing each model with the free space path loss (FSPL), if it is smaller than the free space path loss, take the free space path loss value as the path loss value in this scene.” For sub-scenario2, in order to find the optimum fit for max(PL_NLOS, FSPL) and max(PL_NLOS, PL_LOS), we remove some samples whose values are below the intersection of PL_NLOS and FSPL in the first fit, and re-fit the new data. It is observed that the new model for scenario2 shows lower STD, which means it is statistically more accurate than the original one. The results are shown in Table 6. In order to observe the fitting results, path loss curves at 3.5GHz and 28GHz has been shown in Figure 3.

Table 6. Path Loss Models with lower bound by FSPL
	Scenario
	LOS/NLOS
	Pathloss [dB], fc is in GHz and d is in meters
	Shadow
fading
std [dB]

	Indoor Industrial
	LOS
	
	

	
	NLOS
	Sub-scenario 1:

	

	
	
	Sub-scenario 2:

	

	
	
	Sub-scenario 3:

	

	
	
	Sub-scenario 4:
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Figure 3. Path loss curves at 3.5GHz and 28GHz

Observation 4: NLOS curves of sub-scenario 2 and sub-scenario 3 can be observed clear buckling after maximized by FSPL. LOS curve is hard to be found buckling from figures but the STD value of LOS model was changed after compared with FSPL. This means that comparing with FSPL can compensate the measuring error in the raw measurement data.

Another compensation method is comparing each NLOS model with LOS model. If the NLOS model path loss value is smaller than LOS path loss value, take LOS path loss value as the path loss value. The model was shown below in Table 7 and path loss curves in Figure 4.

Table 7. Path Loss Models with lower bound by LOS Path Loss
	Scenario
	LOS/NLOS
	Path loss [dB], fc is in GHz and d is in meters
	Shadow
fading
std [dB]

	Indoor Industrial
	LOS
	
	

	
	NLOS
	Sub-scenario 1:

	

	
	
	Sub-scenario 2:

	

	
	
	Sub-scenario 3:

	

	
	
	Sub-scenario 4:
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Figure 4. Path loss curves at 3.5GHz and 28GHz
Observation 5: The compensation performance with LOS path loss is comparable with compensation performance with FSPL.

Conclusions
This contribution summarized the path loss model discussion, including references to original raw measurement data samples. The proposed model is based on the best fit with the raw measurement data and reference models
Observation 1: According to the path loss curves, the NLOS curves of sub-scenario2, sub-scenario3, sub-scenario1+2, all sub-scenarios were found lower than the LOS path loss curves in some distance condition. NLOS curves of sub-scenario 1 and 4 do not show this trend.
Observation 2: After fixing, the new model has similar standard deviation performance compared to non-fixed model. Meanwhile, the NLOS curves of sub-scenario2, sub-scenario3, sub-scenario1+2, all sub-scenarios were found lower than the LOS path loss curves in some distance assumption. NLOS curves of sub-scenario 1 and 4 do not show this trend.
Observation 3: Sub-scenario 1+2 and all sub-scenario models can improve stability but the curves were found lower than the LOS path loss curves in some distance assumption. It will also weaken the difference characteristics of each sub-scenario.
Observation 4: NLOS curves of sub-scenario 2 and sub-scenario 3 can be observed clear buckling after maximized by FSPL. LOS curve is hard to be found buckling from figures but the STD value of LOS model was changed after compared with FSPL. This means that comparing with FSPL can compensate the measuring error in the raw measurement data.
Observation 5: The compensation performance with LOS path loss is comparable with compensation performance with FSPL.
Proposal 1：Consider the path loss models based on raw path loss measurement data and random samples generated from multiple reference channel models given in Tables 4, 5, 6 and 7.
Proposal 2：Companies in 3GPP RAN1 are encouraged to discuss these channel models and select one to be included in the TR38.901.
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