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Background
Study on channel modelling enhancements for 7-24 GHz identified two major objectives [1]:
1. Validate using measurements the channel model of TR38.901 at least for 7-24 GHz
2. Adapt/extend as necessary the channel model of TR38.901 at least for 7-24 GHz
In this agenda item i.e. 9.8.1 we focus on “Validate using measurements the channel model of TR38.901 at least for 7-24 GHz.” This agenda item encompasses the following:
· Only stochastic channel model is considered for the validation.
· The validation may consider all existing scenarios: UMi-street canyon, UMa, Indoor-Office, RMa and Indoor-Factory.
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).

Description of Channel Sounder and Planned Measurements
A time-domain channel sounder based on sliding correlation of pseudorandom noise (PN) sequences was employed for wideband channel propagation and penetration measurements [2,4]. A block diagram of the channel sounder is presented in Fig. 1 and the specifications of the channel sounding system are detailed in Table 1.
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Fig. 1. The channel sounder system with co-located dual-band RF front-end modules developed by Mini-Circuits. The module on top operates at 6.75 GHz and the bottom module at 16.95 GHz [2], [4].


Table 1. Specification of NYU WIRELESS channel sounder operating at 6.75 GHz and 16.95 GHz [4]
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Measurements will be conducted across diverse environments: indoor office (InH), indoor factory (InF), and outdoor scenarios encompassing both street canyons (UMi) and open courtyards. For the InH scenario 20 transmitter (Tx) – receiver (Rx) LOS/NLOS pairs will be measured at each frequency (6.75 GHz and 16.95 GHz) ranging over 17 m - 97 m. In the InF scenario 12 Tx - Rx LOS/NLOS pairs will be measured at each frequency (6.75 GHz and 16.95 GHz) ranging over 13 m - 35 m. In the UMi scenario 15 Tx - Rx LOS/NLOS pairs will be measured at each frequency (6.75 GHz and 16.95 GHz) ranging over 45 m - 1000 m. The gathered data will be leveraged to validate the TR 38.901 TR 38.901 [3] channel model for the 7 - 24 GHz band.

Observation 1: TR 38.901 [3] has channel parameters such as path loss, material penetration loss, delay spread and angular spread dependent on frequency.

Proposal 1: RAN 1 to discuss the channel parameters such as path loss, delay spread and angular spread in TR 38.901 that need to be validated for the 7-24 GHz band.
Penetration loss measurements at 6.75 GHz and 16.95 GHz
The procedure used to conduct the penetration loss measurements are elaborated in [4]. Description of some of the measured materials used for penetration loss measurements in [4] are described below:

· Clear glass wall: The measured partition is a single panel transparent glass wall of 0.5 cm.

· Low-emissivity (low-e) glass window: The window used for the measurement is a 59” x 59” sliding panel with low-e double pane glass. Argon gas is filled in the cavity between the two panes and the window has a U-value rating of 0.29 (insulating capability of the glass, lower values indicate greater insulation). Total thickness of the two panes is 2 cm. The outer frame of the window is white vinyl plastic.

· Low-e glass wall: The building has a glass curtain wall on the ground floor. Double pane tinted glass with 1/2” panels and Argon gas filling between the glass panes is used for the curtain wall with individual panels supported by a metal frame. Additionally, the glass is tinted to reduce visibility from the outside and enhance thermal efficiency. The glass achieves a U-value of 0.26. The total thickness of the glass panels is 3 cm.

· Cinderblock wall: Few classroom partitions are cinderblock walls with a coat of paint. Some foam soundboards are placed with irregular spacing on the concrete walls for sound absorption in the classroom. The cinderblock wall measures 22 cm thick.

· Birch Wood panel: A thick Birch plywood panel with 13 plies pressed together is used for penetration measurement. The plywood panel has dimensions of 4 ft x 8 ft with 2 cm thickness.

· Wooden Door: Large capacity lecture halls have a wooden double door. The door is made of a fire safety rated solid wood core with 4.5 cm thickness. The door has door handles on one side and a push bar on the other side.
Comparison of penetration loss measurements with TR 38.901 material penetration loss model
The availability of penetration loss data across the 7 - 24 GHz band is sparse in the literature and recent discussions emphasize a critical gap in channel measurement and O2I loss data for the 7 – 24 GHz band. Over 80% of the channel measurement data submitted falls outside the 7 – 24 GHz band, primarily concentrated below 6 GHz or exceeding 28 GHz [1]. Thus, validation of the TR 38.901 material penetration loss model within the 7 – 24 GHz range is crucial. 

Additionally, the current TR 38.901 model for material penetration loss (Table 7.4.3-1, TR 38.901 [3]) varies linearly with frequency. However, its validity within the critical 7 - 24 GHz band remains unverified. Table 2 provides more details about the specific materials that have been compared with the TR 38.901 material penetration loss model. Additionally, Fig. 2. presents the material penetration loss predicted by the TR 38.901 material penetration loss model (Table 7.4.3-1) and the actual measured values of material penetration at 6.75 GHz and 16.95 GHz.

Table 2. Comparison of measured materials with TR 38.901 penetration loss model [4]
	Measured Material
	Compared to TR 38.901

	Clear Glass
	Standard multi-Pane Glass

	Low-e Tinted Glass (Wall & Window)
	IRR Glass

	Cinderblock Wall
	Concrete

	Birch Wood Panel & Wooden Door
	Wood
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Fig. 2. Comparison of material penetration loss predicted by the TR 38.901 (Table 7.4.3-1) and the actual measured values of material penetration at 6.75 GHz and 16.95 GHz. Note: The figure here shows very preliminary results based on quick processing. These results and results given below may be subject to change with further analysis and are in preparation for [4]. 

The Root Mean Square Error (RMSE) of penetration losses at 6.75 GHz and 16.95 GHz is calculated between the measured and that predicted by the TR 38.901 material penetration loss model. The TR 38.901 material penetration loss model for wood and standard multi pane glass closely match with the measured penetration loss value at 6.75 GHz and 16.95 GHz. On the other hand, there is a significant discrepancy between the TR 38.901 material penetration loss model for IRR glass and concrete when compared to the measured penetration loss value at 6.75 GHz and 16.95 GHz.

Observation 2: Our initial results show a close adherence of measured penetration loss to the TR 38.901 material penetration loss model for wood (RMSE =1.7 dB) [4]. 

Observation 3: Our initial results show a close adherence of measured penetration loss to the TR 38.901 material penetration loss model for clear glass (RMSE = 1.0 dB) [4].
 
Observation 4: Our initial results shows that IRR glass exhibit significantly higher RMSE value of 8.9 dB at both frequencies. The TR 38.901 material penetration loss model consistently underpredicts the loss for IRR glass [4]. 

Observation 5: Our initial results shows that concrete walls exhibit significantly higher RMSE value of 42.9 dB at both frequencies. The observed discrepancy may be attributed to the measurements characterizing penetration through an indoor cinderblock wall, which differs substantially from the thicker building exterior walls considered by the TR 38.901 model [4]. 
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Proposal 2: RAN 1 to discuss whether further measurements may be needed for wood and standard multi-pane glass to assess the validity of the TR 38.901 penetration loss model for wood and standard multi-pane glass.

Proposal 3: RAN1 to assess the validity of TR 38.901 material penetration loss model for IRR glass and concrete using additional measurements in the 7-24 GHz band.

Conclusion
Observation 1: TR 38.901 has channel parameters such as path loss, material penetration loss, delay spread and angular spread dependent on frequency.

Observation 2: Our initial results show a close adherence of measured penetration loss to the TR 38.901 material penetration loss model for wood (RMSE =1.7 dB). 

Observation 3: Our initial results show a close adherence of measured penetration loss to the TR 38.901 material penetration loss model for clear glass (RMSE = 1.0 dB).
 
Observation 4: Our initial results shows that IRR glass exhibit significantly higher RMSE value of 8.9 dB at both frequencies. The TR 38.901 material penetration loss model consistently underpredicts the loss for IRR glass. 

Observation 5: Our initial results shows that concrete walls exhibit significantly higher RMSE value of 42.9 dB at both frequencies. The observed discrepancy may be attributed to the measurements characterizing penetration through an indoor cinderblock wall, which differs substantially from the thicker building exterior walls considered by the TR 38.901 model. 




Proposal 1: RAN 1 to discuss the channel parameters such as path loss, delay spread and angular spread in TR 38.901 that need to be validated for the 7 - 24 GHz band.

Proposal 2: RAN 1 to discuss whether further measurements are needed for wood and standard multi-pane glass to assess the validity of the TR 38.901 penetration loss model for wood and standard multi-pane glass.

Proposal 3: RAN1 to assess the validity of TR 38.901 material penetration loss model for IRR glass and concrete using additional measurements in the 7-24 GHz band.
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T1th order PN sequence (2047 chips)

TX PN Code Chip Rate 500 Mcps
TX PN Code Chip Width 2.0 ns
RX PN Code Chip Rate 499.9375 Meps
Slide factor 3000
Digitizer Sampling rate 2.5 Msps
at RX Oscilloscope
RF BW (Null-to-null) 1 GHz
Max Transmit Power 29 dBm 265 dBm
TX/RX Antenna Type Pyramidal Hom Antenna
TX/RX Antenna Gain 15 dBi 20 dBi
TX/RX Antenna Dim. | 3.75°x2.65" 3.08"x2.33"
TX/RX Antenna Far-field 41 cm 69 cm
Max EIRP 44 dBm 465 dBm
Max Measurable Path
Loss 155.6 dB 159.24 dB
TX/RX Ant. HPBW
(A/E)) 300/ 30° 150/ 15°
TX Polarization Vertical/Horizontal
RX Polarization Vertical/Horizontal
TX/RX Waveguide Size WRI37 WR62





