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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 along with some commentary on specific modelling parameters.
Agreements reached in RAN1-116bis meeting
	Conclusion
· To provide measurement data, and/or simulation results, and/or available publications with measurement information for frequencies 7 to 24 GHz to validate/update the channel model. 
· For frequency continuity of the channel models, Measurement information outside 7 to 24 GHz is also encouraged.

Agreement
The following provides list of modelling parameters for 7 – 24 GHz frequencies that could be further studied for validation. The parameters listed are starting point for further discussions and does not imply the parameters require validation nor imply parameters require updates for 7 – 24 GHz frequencies.
· Antenna modelling parameters (e.g. radiation power patterns, directional gain values, etc.)
· Pathloss
· LOS probability
· O-to-I penetration loss
· Delay spread (mean, variance)
· AoD spread (mean, variance)
· AoA spread (mean, variance)
· ZoA spread (mean, variance)
· ZoD spread (mean, variance)
· ZoD offset
· Angle distribution characteristics (e.g. exponential, Gaussian, Laplacian distributions)
· Shadow fading
· K factor (mean, variance)
· LSP cross correlations
· Delay scaling parameter
· XPR
· Number of clusters
· Number of rays per cluster
· Cluster delay spread
· Cluster ASD
· Cluster ASA
· Cluster ZSD
· Cluster ZSA
· Per Cluster shadowing
· Correlation distances
· LSP correlation type (e.g. site-specific or all correlated)
· Oxygen absorption
· Correlation distance for spatial consistency
· Blockage region parameters/blocker parameters
· Spatial correlation for blockages
· Material properties for ground reflector model
· Spatial consistency model A/B


Conclusion
RAN1 to continue discussion on the need for new modelling parameters/scenarios and modelling procedure. The following modelling parameters/aspects for 7 – 24 GHz frequencies that are currently not available in TR38.901 have been identified by companies in RAN1#116bis. At least the following is for further study, but does not imply parameters/scenarios and modelling procedure are required for 7 – 24 GHz frequencies.
· Intra-cluster K factor
· Random power variability in each polarization
· Addition of SMa deployment scenario

Conclusion
· RAN1 to compile measurement/simulation descriptions from companies into a Tdoc to be added as 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 capture to RAN1 #117 for initial review and endorsement.




Commentary on specific modeling parameters
In this section we comment on three channel modelling aspects: introduction of a new macro scenario, polarization power imbalance, and UE antenna modelling.
On Introducing Suburban Macro Model
In [4], it is proposed to introduce a Suburban Macro scenario in addition to the Urban Macro and Rural Macro scenarios. It is argued that neither of the two existing macro models are well suited for suburban residential areas with differences emerging in pathloss distributions, LOS probabilities, ISDs, and user heights.
Although more measurements are needed to understand whether there is indeed a gap between Urban Macro and Rural Macro that is worth addressing via a new macro model, it is worthwhile to scope out how such a model could potentially be developed and introduced in 38.901. Luckily, the well-established WINNER II channel model has a dedicated scenario tailored for suburban macro deployments that is described as follows: “In suburban macro-cells base stations are located well above the rooftops to allow wide area coverage, and mobile stations are outdoors at street level. Buildings are typically low residential detached houses with one or two floors, or blocks of flats with a few floors. Occasional open areas such as parks or playgrounds between the houses make the environment rather open. Streets do not form urban-like regular strict grid structure. Vegetation is modest.”
This description appears to closely mirror the suburban residential areas that are of interest, and it may be feasible to borrow and adapt the large scale and small-scale parameters for this new scenario from this well-established channel model. Further, focusing on LOS probabilities, Figure 1 compares the LOS probabilities of RMa (38.901), UMa (38.901) and SMa (from WINNER II). It can be observed that this scenario could potentially alleviate some concerns around the optimistic probabilities of RMa and the pessimistic probabilities of UMa for a suburban residential area. 
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[bookmark: _Ref166194383]Figure 1 LOS probabilities for different scenarios.
Similar to LOS probabilities, the pathloss model for SMa sits right in between the models for UMa and RMa. This is illustrated in Figure 2. Note however that the pathloss models for UMa and RMa are not the same in WINNER II and 38.901, and if SMa model is introduced in 38.901, some additional work to port the pathloss model may be required.
An alternate approach could be to use the existing UMa model in 38.901 as a starting point to develop the SMa model. We summarize this discussion in the following proposal.
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[bookmark: _Ref166194798]Figure 2 Pathloss models in WINNER II for different deployment scenarios.

Proposal 1: RAN1 to consider introducing SMa model for 7-24 GHz, with potential extension to sub-7 GHz frequencies and using one of the following two options:
· Option 1: Use WINNER II as a starting point.
· Option 2: Use UMa model in 38.901 as a starting point.
Polarization power imbalance 
In [2], it is mentioned that the existing modelling for dual-polarized arrays may not be sufficiently accurate, with measurement results suggesting that there is variation in the power difference between co- and cross-polar channel components along with a slow variation in time. The standard deviation of this variability is observed to be about 3 dB.
We note that 38.901 provides support for ground reflections in Section 7.6.8 and when ground reflections are considered, it’s clear that the two polarizations could begin to significantly differ in received power. Ground absorption could severely impact one polarization, while the other polarization could get reflected with little to no loss. It is not clear if taking ground reflections into account could sufficiently explain the power imbalances mentioned in [2].
The other potential explanation to this observation is the presence of specular reflections as opposed to diffused reflections that then cause one of the polarizations to be more attenuated than the other. Specular reflections require smooth reflectors and their prevalence in common urban/rural deployments is not very clear. 
For problems such as codebook design, it may be sufficient to take ground reflections into account so that aspects such as polarization power imbalance are sufficiently represented. 
Observation 1: Ground reflection model in 38.901 offers a mode to realize polarization power imbalance in the channel realizations. Whether additional other factors such as specular reflections cause polarization power imbalance needs more study. 

UE Antenna Modelling
As pointed out in [3], the support for UE antenna modelling is rather rudimentary in 38.901. UE antennas are typically assumed to be isotropic/omnidirectional and are typically placed on a grid with all antennas oriented in the same direction. This over-simplification of UE antenna modelling has serious implications on UL-MIMO and DL-MIMO simulations and tends to impact codebook designs, channel rank, opportunities for multi-user multiplexing, etc. It is important to add additional support in 38.901 to help model UE antennas with more nuance and accuracy.
In the following we briefly motivate four aspects of UE antenna modelling that are useful to add in 38.901. First, UE antennas are typically placed along the periphery of a handheld device and its useful to provide guidance on UE antenna placement in the channel model. Figure 3 illustrates the typical locations of a UE antenna. The size, location, and orientation of the antennas could be dependent on many factors including the band of operation and can have a large impact on all the antenna characteristics. This brings us to the second aspect --- when the UE has multiple discrete antennas available in a frequency band, they are typically oriented in different directions. The antenna orientation need not all be aligned in a particular direction --- there is a fine trade off between optimizing for beamforming gains and optimizing for diversity/rank.
[image: ]
[bookmark: _Ref166185764]Figure 5 Typical UE Antenna locations and potential orientations

The third aspect is regarding the antenna radiation patterns. Figure 4 illustrates some of the typical antenna patterns associated with UE antennas that are mounted at different locations in a handheld device. As can be observed, these antennas are clearly not isotropic, nor do they have a well-defined radiation pattern with clear main lobes and sidelobes. A general direction of radiation is noticed based on the direction in which they are mounted, but besides this any further feature is hard to discern. This makes it rather important to go beyond isotropic antennas and consider a more realistic antenna radiation pattern.
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[bookmark: _Ref166186190]Figure 6 Typical UE antenna radiation patterns

In 38.901, an antenna radiation pattern with a parabolic shape is provided with the primarily intent of using it to model gNB antennas. This model could be used as a starting point to potentially model UE antennas and act as a first step towards moving away from assuming isotropic antennas. Using this parabolic pattern along with independent antenna orientations should help make UE antenna modelling much closer to reality.
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Figure 7 Parabolic antenna pattern used in 38.901.
Finally, the model also needs to provide some support to model antenna imbalance either emerging due to front-end losses such as cable losses or due to antenna efficiency differences between different antennas. Antenna imbalance can play a big role in simulation outcomes and it’s important to have sufficient support for this practical impediment. Based on this discussion, we make the following proposal:
Proposal 2: For more realistic UE antenna modeling, RAN1 to consider the following aspects:
· UE antenna placement
· E.g. placement along edges of a rectangle reflecting UE form factor.
· UE antenna orientation
· E.g. randomize UE antenna orientation
· Antenna radiation pattern
· E.g. consider more realistic antenna patterns, including a phase component 
· Potential reuse the parabolic pattern
· Antenna imbalance 
Field Measurement Results
This section re-presents some of the measurement results first shared in R1-2403208. No new results relative to R1-2403208 are included.
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. 

[image: ]
[bookmark: _Ref163208624]Figure 8 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 9 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 10 Pathloss models for RMa scenario in 38.901 (section 7.4).
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[bookmark: _Ref163208892]Figure 11 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 not classified based on LOS and NLOS conditions --- the conditions could occur at different points in the drive route. 
Observation 2: 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 12 Pathloss comparison between FR1 and FR3. A 12 dB difference in pathloss is observed between FR1 and FR3 --- in line with theoretical expectations.
Observation 3: 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. 
Based on these observations, we make the following proposal:
Proposal 3: RAN1 to consider extending the RMa pathloss models to 7-24 GHz frequency range.
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 13 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 4: 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:
[image: A table with text and symbols
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Figure 14 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 15 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.
[image: ]
Figure 16 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 4: 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 5: 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. 
[image: ]
[bookmark: _Ref163210237]Figure 17 Penetration loss measurements across drywall/wood
The average penetration losses across multiple measurements are given in following table.
[image: ]
Figure 18 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 5: 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:
Observations and proposals on modeling parameters
Proposal 1: RAN1 to consider introducing SMa model for 7-24 GHz, with potential extension to sub-7 GHz frequencies and using one of the following two options:
· Option 1: Use WINNER II as a starting point.
· Option 2: Use UMa model in 38.901 as a starting point.
Observation 1: Ground reflection model in 38.901 offers a mode to realize polarization power imbalance in the channel realizations. Whether additional other factors such as specular reflections cause polarization power imbalance needs more study. 
Proposal 2: For more realistic UE antenna modeling, RAN1 to consider the following aspects:
· UE antenna placement
· E.g. placement along edges of a rectangle reflecting UE form factor
· UE antenna orientation
· E.g. randomize UE antenna orientation
· Antenna radiation pattern
· E.g. consider more realistic antenna patterns, including a phase component 
· Potential reuse the parabolic pattern
· Antenna imbalance 
Observations and proposals based on field measurement results 
Observation 2: 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. 
Proposal 3: RAN1 to consider extending the RMa pathloss models to 7-24 GHz frequency range.
Observation 3: 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 4: 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 5: 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 4: 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 5: Further study penetration losses incurred due to IRR glass in FR3.
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Figure 7.7.4-2 Simplified antenna pattern [ITU-R M.2135].
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Table 7.4.1-1: Pathloss models
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Table 7.4.3-1: Material penetration losses

Material Penetration loss [dB]
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Bldg B - Standard glass
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LOS Probabilities for Different Scenarios (3GPP TR 38.901)
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