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In [1] a study item to validate the existing channel models in 38.901 for FR3 bands is approved. The exact mandate is as follows:
	The objectives of this study are:
· Validate using measurements the channel model of TR38.901 at least for 7-24 GHz
· Note: Only stochastic channel model is considered for the validation.
· Note: The validation may consider all existing scenarios: UMi-street canyon, UMa, Indoor-Office, RMa and Indoor-Factory.

· Adapt/extend as necessary the channel model of TR38.901 at least for 7-24 GHz, including at least the following aspects for applicable scenarios: 
· Near-field propagation (with consideration being given to consistency between near-field and far-field)
· Spatial non-stationarity

Note 1: Continuity of the channel model in the frequency domain below 7 GHz and above 24 GHz shall be ensured.

Note 2: Mathematical and/or theoretical aspects (if any) may be studied before results of measurement campaigns are available. While measurement results may be available and submitted at any time, the study of measurement results may start later (e.g., Q3 2024).




The first part of the study item is focused on channel model validation of 38.901 for 7-24 GHz and can be broadly broken down into three parts:
1. Validating pathloss models
2. Validating penetration models
3. Validating spatial aspects including cluster distribution, angles of arrival/departure, etc.
Validation of either of the three aspects calls for measurements under specific deployment scenarios. In the following we present some initial measurements on pathloss and penetration models. 
Pathloss models and measurements
This section presents our results on pathloss measurements and compares them to existing models in TR 38.901.
Measurement setup
Pathloss measurements were made at center frequencies of 13GHz & 3.4GHz by placing the transmitter on rooftops of buildings of various heights in a Rural Macro setting. The transmitter was placed at multiple locations and orientations on each rooftop. Receiver was located on a vehicle with the antenna mounted on the vehicle’s rooftop as seen in Figure 1. A continuous wave centered at the carrier frequencies of interest was used for measurements. The logs for both 13 GHz and 3.4 GHz were collected simultaneously along different drive routes. To enable comparisons of pathloss across both frequencies, the transmitter and receiver antenna gains, transmit power, cable losses, etc., were calibrated. 
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[bookmark: _Ref163208624]Figure 1 Transmitter & Receiver Setup for Pathloss Measurements
Pathloss measurements were made while driving around different routes in different regions around the transmitter depending on its orientation.
[image: ]
Figure 2 Drive route regions around the transmitter and an example drive route.

The measurements are carried out in an area that closely resembles the typical assumptions of a Rural Macro deployment in terms of terrain, building height and density.  TR 38.901 provides LOS and NLOS pathloss models for Rural Macro scenarios and these models are used to compare with the measurement data. The pathloss models are copied in Figure 3 for easy reference.
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[bookmark: _Ref163208865]Figure 3 Pathloss models for RMa scenario in 38.901 (section 7.4).
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[bookmark: _Ref163208892]Figure 4 Pathloss measurements from a transmitter mounted at a height of 26 meters. Measurements were made at 13 GHz.

Figure 4 plots a set of pathloss measurements obtained by using a transmitter at different orientations in azimuth on top of a building that is of 26 meters in height. The LOS and NLOS pathloss models from 38.901 are overlaid on top of the measurement data. It is observed that the model and the measured data are in reasonably good agreement. The data is close to NLOS model at distances greater than 200 m while the data from measurements in close proximity to the transmitter tend to better align with the LOS model. Note that the measured data was no classified based on LOS and NLOS conditions --- the conditions could occur at different points in the drive route. 
Observation 1: Pathloss measurements at 13GHz in a Rural Macro setting are in line with existing pathloss models in TR 38.901. There does not appear to be a need to update the Rural Macro pathloss models currently available in TR 38.901. 
It is also useful to compare the pathloss measurements obtained in 13 GHz with those made at 3.4 GHz. Co-siting is an important consideration for these bands and understanding the pathloss differences between these bands will help determine the design requirements to accomplish this.
In Figure 5, we overlay the pathloss measurements made in 3.4GHz and 13 GHz. It is observed that the measurements made in 3.4 GHz are in line with the pathloss model for Rural Macro scenarios in 38.901. Further, it can be observed that the pathloss measurements between 3.4 GHz and 13 GHz are about 12 dB apart from each other as expected from theoretical models.
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[bookmark: _Ref163209273]Figure 5 Pathloss comparison between FR1 and FR3. A 12 dB difference in pathloss is observed between FR1 and FR3 --- in line with theoretical expectations.
Observation 2: Pathloss comparison between measurements at 13GHz and 3.4 GHz are in line with expectations. A 12 dB difference in pathloss is observed between these frequency bands. 
Pathloss dependence on base station height
It is noticed that in TR 38.901, while the pathloss model for RMa scenarios is dependent on base station height, the pathloss model for UMa scenarios is tailored for a single base station height and thus limiting its applicability (see Figure 6). This is however not the case in TR 36.873, and it is suggested that the pathloss model in TR 38.901 be updated to also accommodate other base station antenna heights.
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[bookmark: _Ref163209890]Figure 6 Pathloss models for UMa scenario in 38.901 (section 7.4). Note the pathloss model is only valid for base station height of 25 meters.
Proposal 1: Generalize the pathloss models for UMa in TR 38.901 to accommodate different base station heights. Pathloss model in TR 36.873 can be used as a starting point.
Penetration loss measurements
In this section we present some penetration loss measurements carried out at 13 GHz and compare it to the expected loss at 3.4 GHz.

Glass penetration

TR 38.901 provides the following table to model penetration losses:
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Figure 7 Table in TR 38.901 on penetration losses.

For standard glass, the expected loss at 13 GHz is 4.6 dB and the expected loss with IRR glass is 26.9 dB. For 3.4 GHz, the expected losses are 2.7 dB and 24 dB, respectively.

The measurement setup is show in Figure 8 with a transmitter and receiver placed on either side of the glass. Reference measurements without the glass are used for calibration. Measurements are made in three buildings with a mix of  IIR glass and standard double pane glass.
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[bookmark: _Ref163210104]Figure 8 Glass penetration loss measurements.
The average penetration losses after multiple rounds of measurement at each site are listed in the table below. Note that the first three locations have IIR glass while the remaining 4 locations have standard 2-pane glass.
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Figure 9 Glass penetration loss measurements at 13 GHz with comparative measurements at 3.4 GHz.
Based on the table above, the following observation can be made:
Observation 3: Standard Glass penetration losses at 13 GHz are in line with the expected losses from the penetration loss model in TR 38.901. For IRR glass, the measurements at multiple locations with IRR glass showed smaller losses at 13 GHz than that predicted by the model. At 3.4 GHz, IRR glass loss measurements align with that of the model. 
The consistently lower losses observed for IRR glass warrants further investigation and corroboration with additional independent measurements.
Proposal 2: Further study penetration losses incurred due to IRR glass in FR3.
Drywall/wood penetration
Based on the 38.901 models, penetration losses through drywall/wood are expected to be around 5.2 dB for 3.4 GHz and 6.4 dB for 13 GHz. 
The measurement setup with the locations of transmitters and receivers are shown in Figure 10. 
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[bookmark: _Ref163210237]Figure 10 Penetration loss measurements across drywall/wood
The average penetration losses across multiple measurements are given in following table.
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Figure 11 Drywall penetration loss measurements at 13 GHz with comparative measurements at 3.4 GHz.
As can be seen, the losses in FR3 vary from 3.6 -7.1 dB. For FR1 (3.4 GHz), the losses vary from 2.2 to 4.4 dB.  There is a reasonable spread among different locations due to differences in material thickness and/or additional supporting materials behind drywalls. On the whole, the difference in the average loss between the two bands is about 1-1.5 dB.
Observation 4: Average drywall/wood penetration losses at 13 GHz are in line with the expected losses from the penetration loss model in TR 38.901.
Conclusion 
We make the following observations and proposals in this document:
Observation 1: Pathloss measurements at 13GHz in a Rural Macro setting are in line with existing pathloss models in TR 38.901. There does not appear to be a need to update the Rural Macro pathloss models currently available in TR 38.901. 
Observation 2: Pathloss comparison between measurements at 13GHz and 3.4 GHz are in line with expectations. A 12 dB difference in pathloss is observed between these frequency bands. 
Observation 3: Standard Glass penetration losses at 13 GHz are in line with the expected losses from the penetration loss model in TR 38.901. For IRR glass, the measurements at multiple locations with IRR glass showed smaller losses at 13 GHz than that predicted by the model. At 3.4 GHz, IRR glass loss measurements align with that of the model. 
Observation 4: Average drywall/wood penetration losses at 13 GHz are in line with the expected losses from the penetration loss model in TR 38.901.
Proposal 1: Generalize the pathloss models for UMa in TR 38.901 to accommodate different base station heights. Pathloss model in TR 36.873 can be used as a starting point.
Proposal 2: Further study penetration losses incurred due to IRR glass in FR3.
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Table 7.4.3-1: Material penetration losses

Material Penetration loss [dB]
Standard multi-pane glass | L, =2+0.2f
IRR glass Lipgas =23+03f
Concrete Loperere =5+41
Wood Ly00q=4.85+0.12f
Note: fisin GHz
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Bldg A Lobby- IR glass
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Bldg B - Standard glass
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Measured Path Loss / Penetration Loss -- Dry Wall
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