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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]A new study item of channel modeling for new spectrum (7-24GHz) has been approved in RAN #102 [1], and accordingly, in RAN1 #116b [2], the agreements are made as follows:
	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.


In this contribution, we express our views on the channel model validation of TR38.901 using measurements at least for 7-24 GHz.

Validation of Modelling Parameters
Experiment campaign for pathloss
[bookmark: _Hlk165477983]To validate the channel model at least for 7-24GHz, we launch an initial experiment campaign under the actual indoor environment, where the pathloss results are measured and processed.
Here, we first introduce the measurement environment and the necessary equipment. The topology of the indoor environment for channel measurement is an office room. The transmitter is composed of signal source, power amplifier and transmit antenna unit. The receiver consists of a receive antenna unit, a spectrograph and a PC unit. The function of the spectrum analyzer is to sample the received analog signal and convert it into the digital signal. The PC unit is used to perform the channel estimation and RSRP calculation of the digital signal. The schematic diagram of the measurement equipment is shown in Figure 1.


[bookmark: _Ref162865444]Figure 1: The schematic diagram the channel experiment measurement.
The LOS and NLOS channel conditions are modelled in the indoor office according to the locations between the transmitter and the receiver. For instance, under the LOS condition, the link between the transmitter and the receiver is established without any blockage, while under the NLOS condition, the link is established with the blockage by the wall. The actual location in indoor office room is shown in Figure 7 and Figure 8 in the Annex of Section 5, respectively under the conditions of LOS and NLOS.
The detail parameter configurations for the channel measurement are listed in Table 1. It is worth nothing that the hardware loss is also calibrated and considered in the calculation process of final pathloss for indoor office scenario. 
[bookmark: _Ref162867282]Table 1: The parameter configurations for the channel measurement.
	Parameter
	Configuration

	Carrier
	8GHz

	SCS
	120KHz

	Transmission bandwidth
	400MHz

	Signal type
	PDSCH+SSB

	DMRS configuration
	Comb-2 configured DMRS of two columns prefix

	Antennal gain
	6dBi for TX and RX antenna

	TX power
	-20dBm

	Power amplification gain
	45.5dB



The initial measurement results under the LOS and NLOS conditions in the indoor office room are depicted in Figure 2 and Figure 3, respectively.
[image: ]
[bookmark: _Ref163060890]Figure 2: The final measurement result in LOS condition.
It can be observed that compared to the empirical formula of the pathloss under the LOS condition in the indoor office scenario, the gap from the measurement result is within the max range of 5dB. The final measurement result is in line with the empirical pathloss model of LOS condition defined in TR38.901 in general.
Observation 1:  [bookmark: _Ref166135704]The pathloss gap between the measurement and the empirical formula is within the max range of 5dB under the LOS conditions in indoor scenario.

[image: ]
[bookmark: _Ref163060892]Figure 3: The final measurement result in NLOS condition.
For the measurement results under the NLOS condition, the gap between the experimental data and the empirical values is maintained in the max range of 15dB. This is because, the signal under the NLOS condition may be reflected or scattered by the obstruction such as pillars or desks, incurring a multi-path effect which results in the divergence of the measurement points, compared to the empirical formula. However, the measurement values are roughly agreeable with the empirical pathloss model of NLOS condition defined in TR38.901 in statistical sense if an averaging mechanism is taken to reduce the divergence within a certain range.
Observation 2:  [bookmark: _Ref166135709][bookmark: _Hlk165474252]The pathloss gap between the measurement and the empirical formula is within the max range of 15dB under the NLOS conditions in indoor scenario, that can be considered under the agreeable level in between.
Experiment campaign for O-to-I penetration loss
For the campaign of O-to-I penetration loss, the same equipment as shown in Figure 1 and the same configuration parameters including the frequency point of 8GHz are used for validation. In this campaign, three materials, such as glass, concrete and wood respectively are selected to carry out the measurement campaign. The calculation method for O-to-I penetration loss of these three materials is pathloss subtraction by two repeated tests but with and without the blockage. The transmitter and receiver under both conditions are kept in the same location.
In the measurement with the material of glass, the automatic glass door is selected for the test. The real measurement environment is shown in Figure 4.
[image: C:\Users\LSX\AppData\Roaming\vchat\ChatFiles\2024-05\c3a4a737-4068-400e-ba2e-df8055b0cbe8.png]                                  [image: C:\Users\LSX\AppData\Roaming\vchat\ChatFiles\2024-05\1a43e06c-e197-4cff-9799-e09726eecbb7.png]
[bookmark: _Ref165493727]Figure 4: The measurement environment of multi-pane glass.
In the measurement with the material of wood, the wooden door in the office room is selected for the test. The real measurement environment is shown in Figure 5.
[image: C:\Users\LSX\AppData\Roaming\vchat\ChatFiles\2024-05\e8b793f8-e675-40a3-b5e3-2c9fae7065c9.png]                                [image: C:\Users\LSX\AppData\Roaming\vchat\ChatFiles\2024-05\8db77cf5-fc0c-452b-8170-3f92fe7bc780.png]
[bookmark: _Ref165495680]Figure 5: The measurement environment of wooden door.
In the measurement with the material of concrete, the cement bearing wall with the sticked tiles is selected for the test. The real measurement environment is shown in Figure 6.
[image: C:\Users\LSX\AppData\Roaming\vchat\ChatFiles\2024-05\cfba36c4-37b1-4389-a9d1-5d584096f7c7.png]
[bookmark: _Ref165496074]Figure 6: The measurement environment of concrete wall.
The final measurement results of O-to-I penetration loss are summarized in Table 2. From the results, it is observed that the measured penetration loss of wood agrees with the empirical value, although the experimental value is smaller than the empirical value with a relatively large gap in 8GHz. The reason for this gap may be due to the small sample size of measurement, and we believe that such a gap can be reduced if a high sample rate is involved. 
With the material of concrete, however, the gap is quite large. Although we are not sure what the exact reasons are, one considerable reason is due to the thickness and density of the material. Therefore, more experiments with different thickness and density may be needed.
Regarding the material of glass, similarly, the gap is also relatively large although the loss value can be acceptable. One possible reason is that the material of the automatic glass door involved in the measurement, strictly speaking, is not the multi-pane glass but single-pane glass, while the empirical value in TR38.901 is derived for multi-pane glass. This incurs the gap in between. It can be envisioned that the experiment results could be close to the empirical result if the double-pane glass or multi-pane glass is involved in the experiment. 
[bookmark: _Ref165547733]Table 2: The final measurement results of three different materials.
	Material
	Penetration loss [dB]
	Empirical result
	Experiment result
	Gap

	Standard multi-pane glass
	

	3.6dB
	1.5dB
	2.1dB

	Concrete
	

	37dB
	8.6dB
	28.4dB

	Wood
	

	5.81dB
	5dB
	0.81dB



Observation 3:  [bookmark: _Ref166135711]The gap of penetration loss between the measurement and the empirical value for wood is within an acceptable range.
Observation 4:  [bookmark: _Ref166135712]The penetration loss from measurement for concrete wall and glass are smaller than the empirical value with a large gap.
[bookmark: _Ref163052157]RAN1 further validates the O-to-I penetration loss, with different materials in consideration of the thickness and the density.

Channel sparsity
Regarding the channel sparsity, two phenomena are indicated by some companies and universities in the last meeting. One is the number of clusters or rays in the channel varies in the different frequency bands. Particularly in the medium or high frequency, this number decreases significantly. The other is the power among the rays in the same cluster is lopsided rather than uniform allocated once the frequency increases. Most of the power is biased on several dominant rays, due to the channel sparsity [3]. Accordingly, what we know from the publications is, the intra-K-factor may incur the unbalanced power allocation with the increasing frequency.
However, it is not yet known how much the impact on the number of clusters (or rays), and the power distribution within the cluster is. This imposes that more experiments and measurements are needed for further validation. For instance, one possible way is to perform a measurement of the channel eigenvalues in the channel environment with sparse characteristics. Then, by the comparison of the measurement result with the empirical channel model defined in TR38.901, we may draw a conclusion. Measurement on the SINR distribution of different receiver location in a channel environment with sparse characteristics can be a potential way for the verification as well. Similarly, by observing the difference between the measured and the empirical SINR distributions in the typical scenario such as indoor office defined in TR38.901, we can make a judgement accordingly.
Proposal 1:  [bookmark: _Ref166135727]RAN1 studies the impact of channel sparsity on the existing channel model based on the experiment result.

Remaining issues for validation
As 3GPP spirit, companies are always encouraged to involve the measurement activity as much as possible. According to the final measurement result, RAN1 can make the conclusion that whether the channel characteristic parameters defined in TR38.901 is updated or not. However, how to make the judgement and whether to modify the channel model defined in TR38.901 based on the experiment result are the remaining issues. 
For instance, as a potential judgment way, in consideration of a certain channel characteristics, i.e., large-scale or small-scale, it can be modified when the average gap between the measured results and the empirical value is greater than a certain threshold. Alternatively, verifying the geometry SINR distribution in some typical scenario such as indoor office or UMa scenario may judge the necessity of modification. For example, the existing channel model parameter model should be modified if the geometry SINR distribution with the modified model is absolute different from the previous model, and vice versa.
Proposal 2:  [bookmark: _Hlk165571647]RAN1 studies how to judge whether to update the channel modeling based on the experiment results from different components.
Furthermore, if the final channel parameter result cannot match the channel characteristics defined in TR38.901, RAN1 should study how to model the channel characteristic in 7-24GHz frequency band in consideration of the smooth transition in the frequency boundary of 7GHz as well as the frequency boundary of 24GHz.
Proposal 3:  [bookmark: _Ref166135731]RAN1 studies how to update the channel modeling to meet the continuity at the frequency boundary of 7GHz and 24GHz.

Conclusions
In this contribution, we have expressed our views on the channel model validation of TR38.901 using measurements at least for 7-24 GHz. The observations and proposals are summarized as follows.
Observation 1: The pathloss gap between the measurement and the empirical formula is within the max range of 5dB under the LOS conditions in indoor scenario.
Observation 2: The pathloss gap between the measurement and the empirical formula is within the max range of 15dB under the NLOS conditions in indoor scenario, that can be considered under the agreeable level in between.
Observation 3: The gap of penetration loss between the measurement and the empirical value for wood is within an acceptable range.
Observation 4: The penetration loss from measurement for concrete wall and glass are smaller than the empirical value with a large gap.

Proposal 1: RAN1 further validates the O-to-I penetration loss, with different materials in consideration of the thickness and the density.
Proposal 2: RAN1 studies the impact of channel sparsity on the existing channel model based on the experiment result.
Proposal 3: RAN1 studies how to judge whether to update the channel modeling based on the experiment results from different components.
Proposal 4: RAN1 studies how to update the channel modeling to meet the continuity at the frequency boundary of 7GHz and 24GHz.
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[bookmark: _Ref156326580][bookmark: _Ref162868060]Annex: Experiment environment of indoor scenario
[image: C:\Users\LSX\AppData\Roaming\vchat\ChatFiles\2024-03\ecc5768f-6a3b-4479-9ed9-1e5e493bf814.png]
[bookmark: _Ref163060872]Figure 7: Location of transmitter and receiver for LOS condition.
[image: C:\Users\Administrator\AppData\Roaming\vchat\ChatFiles\2024-03\5f690ab1-4265-43a6-9770-2c1a96399c1f.png]
[bookmark: _Ref163060874]Figure 8: Location of transmitter and receiver for NLOS condition.
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