[bookmark: _Hlk37418177]3GPP TSG RAN WG1 #117	R1-2404514
Fukuoka City, Fukuoka, Japan, May 20th – 24th, 2024

Agenda item:		9.8.1
Source:	Sony
Title:	Discussion on channel model validation of TR38.901 for 7-24GHz
Document for:		Discussion and Decision
Introduction
The Rel-19 study item “Study on channel modelling enhancements for 7–24 GHz for NR” was endorsed in RAN#102 [1]. The summary of the discussion and conclusions in the RAN1#116-bis meeting is summarized in [2]. 
· RAN1 to compile measurement/simulation descriptions from companies into a Tdoc to be added as a reference to TR38.901.
· Rapporteur to update the Tdoc in each meeting based on inputs from companies.
· Rapporteurs to provide a template for the measurement/simulation descriptions captured to RAN1 #117 for initial review and endorsement.:

The objectives for this SI are shown below:
	The objectives of this study based on the study item in [1,2] 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).




This contribution provides Sony’s views regarding TR 38.901 [3] channel model validation in the 7-24 GHz band and some validation tests and simulation results.


[bookmark: _Hlk510705081]Discussions
Penetration loss
Table 1 illustrates the penetration loss per material as defined in TR 38.901 by 3GPP, with target material losses and building penetration as a function of the frequency. Specifically, the outdoor-to-indoor penetration loss trends linearly with frequency to a first-order approximation. However, the frequency-dependent characteristics of penetration loss have mainly been measured and calibrated for 3.5 GHz and 28 GHz. Although the 7–24 GHz band falls within the validated frequency band, it is worth discussing whether the current equation applies to this range. Additionally, any discrepancies between the results and the current model should prompt a discussion on the method of correction.
The composite penetration loss was derived by calculating a weighted average of the transmission through two distinct materials, as indicated in Table 2. The weighting factor was determined based on the relative surface area of each material on the building's facade. An additional loss of 5 dB was included in the external wall loss to accommodate for non-perpendicular incidence. Indoor loss was set at 0.5 dB/m to maintain consistency with the legacy channel model. However, variations in building materials in real-world environments and the dispersion of beams from outdoor base stations into multiple values may necessitate further verification.
Table 1 – Material penetration loss based on TR 38.901.
	Material
	Penetration loss [dB]

	Standard multi-pane glass
	 = 2 + 0.2

	IRR glass
	 = 23 + 0.3

	Concrete
	 = 5 + 4

	Wood
	 = 4.85 + 0.12



Table 2 – O2I building penetration loss model based on TR 38.901.
	
	Pathloss through external wall [dB]
	Indoor loss [dB]
	Standard deviation [dB]

	Low-loss model
	
	0.5
	4.4

	High-loss model
	
	0.5
	6.5



Measurements:
Figure 1 shows measurements results done at Lund university [4, 10]. It shows that the penetration loss of wood material increases at a rate of about 0.12 dB/GHz, which matches the value reported in TR38.901. Furthermore, the loss is proportional to the thickness. Some resonant behaviours can be observed depending on the frequency range. The brick wall material has huge losses; almost no signal can penetrate a 15cm brick above 15GHz. The change rate is 4.3 dB/GHz, which is close to the concrete model of oTR38.901 in the frequency range of 7-15 GHz.
[image: ]
Fig. 1. The measured penetration of wooden and brick materials.
Figure 2 shows the penetration loss of window glass in Nordic countries [4, 10]. Single-layer glass shows not-so-high losses, almost not increasing in frequency. Multi-layer glass shows much higher losses with resonances at some frequencies. These may be caused by the multi-layer reflections with energy going in other directions, as well as the multi-reflections between the layers of glass. 7-24 GHz did not show any special characteristics; they have features similar to those of higher frequencies.
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Fig. 2. Transmission loss of window glass in Nordic countries.

[bookmark: _Hlk165276878]Observation 1: Regarding material penetration losses:
1. The TR 38901 model on material penetration loss is valid for the 7-24 GHz range.
2. The TR 38901 model on window glass penetration loss depends on the window glass layer design. If the thickness of the glass is in order of multiple half wavelengths, it has resonant behaviours in the frequency range of 7-24 GHz. This effect needs to be considered [4, 8, 10]. 


UE antenna patterns and human body loss
Antenna measurements were performed in a 3D Satimo anechoic chamber. All measurements were carried out in the Satimo system at the Microwave Vision Group Lab in Paris, France. Measurements were performed at 15 GHz, and the antenna bandwidth was 1000 MHz.
1. Free space tests

UE has a notch antenna at the top edge under test. Figure 3 shows the phone mock-up and radiation in a free-standing case; the antenna pattern has an upper broad directive pattern, and elliptical polarization shows at different angles. Other antennas were also tested in the 15 GHz range in [5]. UE antennas at cm- and mm-wave have similar directive broad patterns; they could do array beam forming if needed, but for a larger coverage angle, one device may need multiple antennas.

[image: ][image: ]  [image: ]
Fig. 3. Free-space radiation pattern of a notch antenna in a mobile phone at 15GHz.
2. Browsing mode test 

[image: ]                          [image: ]  
Fig. 4. Browsing mode radiation pattern of a notch antenna in a mobile phone at 15GHz.
In the browsing mode test, the human body blockage is clearly seen in the radiation pattern. The blockage attenuation could be up to 25 dB at 15 GHz, which is similar to higher frequencies such as 28 GHz [7]. In comparison, the TR 38.901 body blockage model, which consists of a rectangular screen of 0.3x1.7 sqm, gives about 15 dB blockage in the 15 GHz range. However, the body blockage loss is about 11 dB measured in an indoor multipath measurement [5].
3. Talking mode tests

In the talking mode, the antenna has a directive pattern due to the body blockage, the body shadowing almost half the space. The blockage attenuation is up to 25 dB, which is similar to 28 GHz. It was found that all antenna types have a directive pattern in the talking position [7].
   [image: ]    [image: ] 
Fig. 5. Talking mode radiation pattern of a notch antenna in a mobile phone at 15 GHz.
4. Body loss
Table 3 shows the total antenna efficiency of different antenna types in different modes. The body loss of cellular phones usually is more than 5-10dB below 6GHz. Body losses at 15GHz are much less compared with the below 6 GHz range; most of the energy was scattered to other directions. [6, 7]
Table 3: Total antenna efficiency at different modes [6, 7].
	
	Notch
	Slot
	Mesh-Grid Patch

	Free space
	-0.2 dB
	-1 dB
	-0.5 dB

	Data mode
	-0.5 dB
	-2.5 dB
	-2 dB

	Talking mode (body worn)
	-2 dB
	-3.5 dB
	-2.2 dB




[bookmark: _Hlk165276926]Observation 2: Regarding shadowing and body loss:
1. The UE antenna has a broad directive pattern, but not the same as an omnidirectional antenna pattern in the GHz range. To have wide coverage angles, the UE may need multiple antennas.
2. Body shadowing is obvious, and human body reflection results in more directive patterns. In free space, the body blockage loss is higher compared with the 0.3x1.7 sqm rectangular screen of TR38.901. However, as stated in [5], it shows less blockage in the multi-path environment. The blockage loss may change depending on the environment.
3. Body loss is much less compared with the Gigahertz cellular bands (below 6 GHz). At higher frequencies, the body acts more as a scatter or blockage to the EM wave. 15 and 28 GHz have similar behaviour [6,7].

 Proposal 1:	The TR 38901 model on window glass penetration loss depends on the window glass layer design and detail implementations. If the thickness of the glass is in the order of multiple ½ wavelengths, it has resonant behaviors in the frequency range of 7-24 GHz. This effect needs to be considered; more measurement data are welcomed. Blockage loss depends on the distance and environment. Further study on different scenarios, including near-field effects, is recommended.  

Key channel characteristics in the 7-24 GHz band to be compared to TR 38.901
Indoor channel test
We have performed both measurements and ray-tracing simulations for an indoor conference room with a floor size of about 6 m by 10 m at Lund University. The detailed layout of the room environment was modeled using the Wireless Insite ray tracing software [5]. We have also used a simplified model for the indoor environment, where only the basic features of Fig. 6 are present. Only windows, doors, and tables are included in the simplified model; all other details have been removed for this simplified case in Fig 6 (a).
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(a)
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(b)
Fig. 6. (a) is the simplified model, and (b) is the real test room picture.
In this measurement, the virtual transmitter (Tx) array was a 10×10 two-dimensional antenna array with a patch antenna as the virtual element, and the receiver (Rx) was a single monopole antenna. The Tx was placed at a fixed location in the room and is shown as a green box in Fig. 6, whereas the Rx was placed at nine different locations at the large table, as shown by the red boxes in Fig. 6. 
In the ray tracing simulations, when comparing with the measured channels, we simulated the channel with the same antenna element types and array configurations as in the measurements [5].

Power-delay profile and angle of departure
For the power-delay profile (see Fig. 3 in [5]), measurements show more scattering than the simulation, which is due to the surface roughness. The simulation agrees fairly well with the measurements. The simple model shows less scattering.
The AoD distribution measurements (Fig. 3 in [5], circles) show the angle distribution of the scattering signal rays. The major signals are mainly from the broadside direction of BS. Simulations (Fig. 3 in [5], crosses) show the scattering rays, which have a fairly good agreement and show similar scattering richness as the measurements.  
[image: pdpRx1SMmod.png]
Fig. 7. The PDP of measurement and simulations.
[image: Slide38.png]        [image: ]
(a)                                        (b)
Fig. 8. The power distributions in the room: (a) CDF and (b) power distribution at 1 meter height.

At 15 GHz, the measured indoor data show a relatively rich scattering, which could support high-rank MIMO [5]. The power distribution follows the TR 38901 indoor channel model. The received power average value is similar in the detailed and simplified models, as shown in Figure 8.
Path loss
The measurement campaigns were arranged in a 30x53 sqm internal indoor exhibition hall in Sweden. A UE device with four Rx antennas followed the route in Fig. 9 (blue line). The Tx antenna (patch antenna array) was in the right corner of Figure 9. The received powers from four Rx antennas were averaged.

  [image: ]
Fig. 9. The indoor field test route; the room size 30x53 sqm.
In the test range, points 1, 0, and 12 were in LOS locations, 2 and 11 were partially LOS, and the rest were in NLOS locations. The path losses from measurements are compared to the 3GPP TR-38.901 model in Table 4.
Table 4. The path loss from the Tx antenna to the Rx UE antennas at the points marked in Fig. 9.
	Points
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	0

	3GPP TR-
38901
	67.5dB
	76.
	90.8
	99.3
	105
	108.9
	109.7
	105
	96.4
	94.1
	88.3
	75
	67.3

	Measurements
	66
	75
	84
	94
	101
	106
	107
	98
	93
	87
	81
	72
	67



The measurements agree well with 3GPP TR-38901. In the measurement, the power drop from point 0 to deep shadow area points 6 and 7 is 40 dB; the TR38901 model shows 42.4 dB. So, the TR-38901 path loss model is valid for the frequency range of 7-24 GHz in the indoor case.
[bookmark: _Hlk165277015]Observation 3: The 3GPP TR38.901 path loss and power delay profile should still be valid for the frequency 7-24GHz, but more validation tests are welcomed.
In general, the current channel model in TR 38.901 [3] encompasses numerous key channel characteristics, and by comparing these with those of the 7-24 GHz channels reported in the literature, we can glean valuable insights into their behavior and make informed decisions regarding the model's applicability. This comparative analysis allows us to pinpoint any discrepancies or variations arising from the different frequency ranges, aiding our understanding of channel behavior within the 7-24 GHz spectrum and guiding potential adjustments or updates to ensure model accuracy. By leveraging these comparisons, we can determine whether the existing TR 38.901 model adequately represents channel characteristics within the 7-24 GHz range or if modifications are warranted, ensuring comprehensive channel models for effective communication and sensing in 6G.
[bookmark: _Ref162865897]Proposal 2:	Further comparisons of both the large-scale and small-scale channel parameters in the 7-24 GHz band using measurements to the current channel model in TR 38.901, including but not limited to pathloss, penetration loss, delay spread, angular spread, channel sparsity, shadow fading, and correlation distances.
Desired channel measurements and simulations and environment scenarios in the 7-24 GHz band
[bookmark: _Ref162865912]Extensive channel measurement campaigns are essential to ensure accurate characterization and modeling of higher frequency bands. However, these campaigns can be time-consuming and may not facilitate simultaneous measurements across multiple frequency bands. Therefore, employing a deterministic approach like ray tracing can complement these efforts and provide additional data for analysis.
Given the limited availability of channel measurement campaigns in the 7-24 GHz band, it is imperative for 3GPP members and academic research institutions to conduct reliable measurements in this frequency range. We strongly encourage the use of diverse sounder systems, including single antenna, phased array, frequency domain, time domain, narrow band, and wideband systems. These campaigns are crucial for advancing our understanding of wireless communication in the 7-24 GHz band.
Preferably, the chosen sounding systems should offer fine spatial/angular and temporal resolutions to capture detailed channel characteristics. Fine spatial/angular resolution aids in capturing directional properties, while temporal resolution enables analysis of time-varying channel behavior. Additionally, channel measurements should encompass various scenarios such as UMi-street canyon, UMa, Indoor office, RMa, and Indoor factory to ensure comprehensive coverage. The work will be useful for 6G JCAS channel work [9]
Proposal 3: Channel measurement campaigns based on different kinds of sounder systems in the 7-24 GHz are welcomed, and sounding systems with fine spatial/angular and temporal resolutions are preferred.
[bookmark: _Ref162865860]We advocate for channel measurement campaigns to encompass both Line-of-Sight (LOS) and Non-Line-of-Sight (NLOS) propagation scenarios. LOS conditions depict direct signal paths with minimal obstructions, while NLOS conditions involve signal reflections, diffractions, and scattering due to obstacles. Understanding the characteristics of both LOS and NLOS environments is vital for developing resilient wireless communication and sensing systems.
Furthermore, we recommend channel measurements to span a wide range of transmitter-receiver (TX-RX) separation distances. For indoor scenarios, distances between 1 and 100 meters are suggested, while for outdoor scenarios, distances between 1 and 500 meters are preferred. This range facilitates a comprehensive understanding of channel behavior across varying distances, which is essential for designing communication systems with optimal coverage and capacity.
[bookmark: _Ref162865918]Proposal 4: Channel measurements are encouraged to include both LOS and NLOS propagations in various scenarios, and a wide range of TX-RX separation distances are preferred (e.g., 1-100 m for indoor and 1-500 m for outdoor). 

Conclusions
In this contribution, we make the following observations regarding the channel model validation of TR 38.901 in the 7-24 GHz: 

Observation 1: Regarding material penetration losses:
1. The TR 38901 model on material penetration loss is valid for the 7-24 GHz range.
2. The TR 38901 model on window glass penetration loss depends on the window glass layer design. If the thickness of the glass is in order of multiple half wavelengths, it has resonant behaviours in the frequency range of 7-24 GHz. This effect needs to be considered [4, 8, 10].

Observation 2: Regarding shadowing and body loss:
1. The UE antenna has a broad directive pattern, but not the same as an omnidirectional antenna pattern in the GHz range. To have wide coverage angles, the UE may need multiple antennas.
2. Body shadowing is obvious, and human body reflection results in more directive patterns. In free space, the body blockage loss is higher compared with the 0.3x1.7 sqm rectangular screen of TR38.901. However, as stated in [5], it shows less blockage in the multi-path environment. The blockage loss may change depending on the environment.
3. Body loss is much less compared with the Gigahertz cellular bands (below 6 GHz). At higher frequencies, the body acts more as a scatter or blockage to the EM wave. 15 and 28 GHz have similar behaviour [6,7].

Observation 3: The 3GPP TR38.901 path loss and power delay profile should still be valid for the frequency 7-24GHz, but more validation tests are welcomed.

The following proposals are made regarding use cases and scenarios for channel modeling: 

Proposal 1:	The TR 38901 model on window glass penetration loss depends on the window glass layer design and detail implementations. If the thickness of the glass and air layers are in the order of multiple ½ wavelengths, it has resonant behaviors in the frequency range of 7-24 GHz. This effect needs to be considered; more measurement data are welcomed. Blockage loss depends on the distance and environment. Further study on different scenarios, including near-field effects, is recommended.  
Proposal 2: Further comparisons of both the large-scale and small-scale channel parameters in the 7-24 GHz band using measurements to the current channel model in TR 38.901, including but not limited to pathloss, penetration loss, delay spread, angular spread, channel sparsity, shadow fading, and correlation distances.
Proposal 3: Channel measurement campaigns based on different kinds of sounder systems in the 7-24 GHz are welcomed, and sounding systems with fine spatial/angular and temporal resolutions are preferred.
Proposal 4: Channel measurements are encouraged to include both LOS and NLOS propagations in various scenarios, and a wide range of TX-RX separation distances are preferred (e.g., 1-100 m for indoor and 1-500 m for outdoor).
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