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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1#96bis, how to derive the path loss model for indoor industrial scenarios was discussed [1]. In this contribution, we derive path loss model by applying multi-dimensional regression to our measurement results. Moreover, it is described as option to applying multi-dimensional regression to random variables which are generated using existing path loss models for indoor industrial scenarios. Existing path loss models are summarized in [2], however, category of each model is not clear such as clutter density, and Tx and Rx antenna situation. Therefore this contribution proposes how to organize these models to derive path loss model for indoor industrial scenarios.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Measurement
Path loss measurements were performed in our lab. Measurement environment is same as the environment which is described in our contribution at RAN1#96 [3]. Figure 1 shows measurement route and Table 1 shows measurement parameters. Figure 2 and Fig. 3 shows results of path loss measurements which are compared with TR. 38. 901 InH and these results were reported in RAN #95. Multi-dimensional regression is applied to these path loss measurement results using 3D distance and frequency
LOS: PL = 24.9 log (d) + 25.9 log (f) + 26. 5 		(dB)										(1)
NLOS: PL = 11.3 log (d) + 24.8 log (f) + 36.9 		(dB)										(2)
are obtained. PL is path loss (dB), d is distance between BS and MS, and f is frequency (GHz). These models can be utilized for path loss model studies when high clutter density situation and both of Tx and Rx antennas are clutter embedded situation.
Observation: Following path loss models are obtained for indoor industrial scenarios. These models can be utilized for path loss studies when clutter density is high and both of Tx and Rx antennas are clutter embedded situation. 
LOS: PL = 24.9 log (d) + 25.9 log (f) + 26.5 		(dB)	
NLOS: PL = 11.3 log (d) + 24.8 log (f) + 36.9 		(dB)	
where PL is path loss (dB), d is distance between BS and MS, and f is frequency (GHz).
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Fig. 2 Path loss measurements in LOS environment
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Fig. 3 Path loss measurements in NLOS environment

Derive path loss model
In RAN1#96bis, how to derive the path loss model for indoor industrial scenarios was discussed [1]. It is described as option to apply multi-dimensional regression to random variables which are generated using existing path loss models for indoor industrial scenarios. Existing path loss models are summarized in [2], however, category of each model is not clear. More specifically, information of clutter density and situation of Tx and Rx antenna such as elevated or clutter embedded should be added to the table of [2].
[bookmark: _GoBack]Proposal: Path loss models can be derived to apply multi-dimensional regression to random variables which are generated using existing path loss models which are summarized table in [2]. Information of clutter density and situation of Tx and Rx antenna such as elevated or clutter embedded should be added to the table in [2].

Conclusion
In this contribution, path loss model for indoor industrial scenarios is studied. The followings are our observations and proposal based on the discussion.
Observation: Following path loss models are obtained for indoor industrial scenarios. These models can be utilized for path loss model studies when clutter density is high and both of Tx and Rx antennas are clutter embedded situation. 
LOS: PL = 24.9 log (d) + 25.9 log (f) + 26. 5 		(dB)	
NLOS: PL = 11.3 log (d) + 24.8 log (f) + 36.9 		(dB)	
where PL is path loss (dB), d is distance between BS and MS, and f is frequency (GHz).
Proposal: Path loss models can be derived to apply multi-dimensional regression to random variables which are generated using existing path loss models which are summarized table in [2]. Information of clutter density and situation of Tx and Rx antenna such as elevated or clutter embedded should be added to the table in [2].
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Parameter Value

Frequency

3.35 GHz, 8.45 GHz, 

27.89 GHz

Transmission signal CW

Tx antenna height 3.0 m

Tx antenna Sleeve

Rx antenna height 1.5 m

Rx antenna Sleeve

Table 1 Measurement Parameters

Fig. 1 Measurement route
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