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1	Introduction
This document is intended to capture input from companies on the following email discussion:
[FS_IIIOT_CM-06] Path loss
· Collect company input on path loss – until March 14, 2019
· Agree on way forward – until March 25, 2019

[bookmark: _Ref178064866]2	Scope
This discussion is a follow-up of the previous email discussion [FS_IIIOT_CM-02] Measurements and observations which was summarized in [1]. Of relevance for this particular email discussion is the following agreement in [1]:

Proposal 1: Path loss, shadow fading, and LOS/NLOS modelling
Option 1: LOS state is stochastically determined using a LOS probability function dependent on distance, [tx and rx height, clutter height, clutter density, subarea, time, …]. 
· Separate path loss and shadow fading models are used for LOS and NLOS
· The correlation of LOS probability for different links TBD
· Spatial consistent transitions between LOS and NLOS states to be further studied

In this new email discussion, companies are invited to provide further views on the LOS and NLOS path loss and the building penetration loss in indoor industrial scenarios.
3	Email discussion topics

3.1	LOS path loss and shadow fading
	Company
	Observations
	Proposals

	Ericsson
	The path loss in LOS is commonly lower than free space due to wave guiding and strong specular reflections in the factory hall. It doesn’t appear that the LOS path loss is much dependent on the hall size or clutter level. 
	· Derive a single LOS path loss model by averaging path loss exponents etc over different measurement campaigns, and use this model for all sub-scenarios

	Nokia
	From our measurement data taken in operational factory halls (R1-1810659, R1-1813177), we observe that
1) Free space path loss is a good estimate of LOS path loss, with shadow fading standard deviation around 3 dB. (see R1-1810659)
2) 3.5 GHz and 28 GHz have similar NLOS path loss exponent (see R1-1810659)
3) CI model with 1m reference distance can be used for NLOS path loss model (see R1-1813177),
   PL (dB) = 32.45 + 20 log10(fc) + 10*n log10(d),
   where fc is carrier frequency in GHz, d is Tx-Rx separation in meter.
   For elevated BS antenna (above clutters), n = 2.47, Std = 5.17 dB
   For clutter-embedded BS antenna, n = 3.19, Std = 7.56 dB
	

	Qualcomm
	In addition to pathloss aspects, as indicated in R1-1903023, literature suggests that shadowing also can be significantly different in industrial environment as compared to the traditional indoor-hotspot models
	Develop new sets of LOS and NLOS shadowing parameters for industrial environments

	ZTE
	The exponential coefficient in LOS state is observed to be less than 20, e.g., 16~18, due to strong reflection and wave guide in an IIOT factory composed of metallic components. However, the dependency upon different clutter density is not strong enough to justify the additional modeling complexity. 
	Single path loss model for all sub-scenarios is preferable.

	CMCC
	Observation 1: The exponent of path loss model in indoor industrial scenario is smaller than that in InH-Office scenario. The values of the path loss in these two scenarios are similar with each other in LOS. But the path loss is far smaller in NLOS case in indoor industrial scenario.
	Proposal 1: A further path loss model may introduce a factor to illustrate the impact of the transceivers’ and clutter’s heights .

	NTT DOCOMO
	
	Derive path loss model based on measurement data of factory environments for targeting frequency.

	Huawei
	Literature review suggests that the path loss exponent is usually less than 2 due to the strong reflections in the metalized environment. However, some other measurements also show that the free space path loss is a good estimation of LOS path loss.
	[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Derive a single path loss model based on different average campaigns is preferred.




3.2	NLOS path loss and shadow fading
	Company
	Observations
	Proposals

	Ericsson
	Some sources report that the NLOS path loss exponent is higher in the presence of heavy clutter than in light clutter. 

	· Derive separate NLOS path loss models for light clutter and heavy clutter factory halls, e.g. by averaging over different corresponding measurement campaigns. Alternatively, make the path loss exponent dependent on the clutter density.  

	Nokia
	From our measurement data taken in operational factory halls (R1-1810659, R1-1813177), we observe that
1) Free space path loss is a good estimate of LOS path loss, with shadow fading standard deviation around 3 dB. (see R1-1810659)
2) 3.5 GHz and 28 GHz have similar NLOS path loss exponent (see R1-1810659)
3) CI model with 1m reference distance can be used for NLOS path loss model (see R1-1813177),
   PL (dB) = 32.45 + 20 log10(fc) + 10*n log10(d),
   where fc is carrier frequency in GHz, d is Tx-Rx separation in meter.
   For elevated BS antenna (above clutters), n = 2.47, Std = 5.17 dB
   For clutter-embedded BS antenna, n = 3.19, Std = 7.56 dB
	

	Qualcomm
	Another aspect is of shadowing decorrelation distance. Literature indicates that it can be as small as 0.2m, which implies that there can be significant variation in the shadowing conditions over short distance. This can lead to a large rate of change in pathloss even with limited UE and/or environmental mobility.
	Consider modeling the impact of smaller shadowing decorrelation distances in industrial environments

	ZTE
	BS height dependent PLE (pathloss exponent coefficient) is observed but without monotonicity relation between the two. 
Frequency dependent PLE is observed due to large number of strong diffraction rays received.
No significant clutter dependent phenomena is observed for NLOS path loss.
	Closed in reference model is proposed as a baseline for NLOS path loss model.
BS height dependent path loss model for IIOT NLOS is proposed to include specific heights, i.e. 10m, 15m and 22m etc.
Besides 10*log10(fc), frequency dependent PLE shall be considered in NLOS path loss model as well.
Clutter density independent PLE for NLOS path loss mode is suggested.


	CMCC
	Observation 1: The exponent of path loss model in indoor industrial scenario is smaller than that in InH-Office scenario. The values of the path loss in these two scenarios are similar with each other in LOS. But the path loss is far smaller in NLOS case in indoor industrial scenario.
	Proposal 1: A further path loss model may introduce a factor to illustrate the impact of the transceivers’ and clutter’s heights .

	NTT DOCOMO
	
	Derive path loss model based on measurement data of factory environments for targeting frequency.

	Huawei
	PLE range is 1.95~3.8 depending on the measurement scenario and frequency, and it is often smaller than that in InH of TR 38.901. Different path loss models for different sub-scenarios should be considered if the clutter density and Tx/Rx height are significantly different.
	Derive path loss model based on different campaigns by averaging per sub-scenario. 




3.3	O2I penetration loss
	Company
	Observations
	Proposals

	Ericsson
	In certain types of evaluations, it may be necessary to consider the interference into or out of a factory. Therefore, it can be useful to specify the external wall loss. In the LS from 5G-ACIA, the following guidance on the materials used for indoor industrial facilities is given:
“The facilities can be considered to be built of concrete walls and ceiling, glass windows (if any) are considered to be metal-coated for heat and direct sunlight protection.”

We note that the combination of concrete walls and metal-coated windows is well matched to the high-loss building penetration model that is described in TR 38.901, Table 7.4.3-2. Thus, for the external wall loss, it is recommended to reuse  and σP from the high-loss model. The indoor loss part, if needed, may require further study.
	· 
Proposal 4	For O2I penetration loss in the industrial scenario, use   and σP from the high-loss model that already exists in TR 38.901

	ZTE
	Current O2I penetration model in 3GPP TR38.901, though not applicable to InH scenario, can be still reused in IIOT factory scenario.
	For IIoT modeling purpose, O2I is not a must-have modeling component. 
Reuse the O2I penetration model in TR38.901.

	NTT DOCOMO
	
	Modify O-to-I path loss model of TR 38.901 based on measurement data of factory environment, if measurement data is available.

	Huawei
	3GPP TR38.901 model can be reused.
	Reuse the O2I model in TR38.901.




Way forward
The following proposal has reached consensus among the channel model experts on the 3GPP_TSG_RAN_WG1_CHANNELMODEL@LIST.ETSI.ORG reflector. 

Proposal 1: Develop new path loss models for the industrial scenario by collecting reported and new path loss measurements
· Companies are encouraged to provide path loss curves and the distance ranges for which these have been derived
· The data should be categorized according to the (sub-)scenario, e.g. LOS or NLOS, level of clutter, antenna heights
· Derive path loss models by averaging over similar (sub-)scenarios
· Note: It is suggested to plot the path loss or excess loss curves vs distance from different sources in the same diagram to find overall trends

Proposal 2: If O2I modelling is needed, use the high penetration loss model from TR 38.901 as a starting point
· Revisit this if measurements become available
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