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1. [bookmark: _Ref521334010]Introduction
As approved in RAN #102 meeting, channel modelling enhancements for 7-24GHz include the following objectives [1]:
	· 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).



In this contribution, our views on channel model validation of TR38.901 for 7-24GHz are provided.
2. Discussion
2.1. Measurement frequencies
In RAN1#116bis meeting, the following conclusion on measurement campaign was made [2]:
	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 encourage



In WRC-23, the following frequency ranges between 7GHz and 24GHz were identified for IMT system for at least one ITU region: 7.025 – 7.125GHz, 10 – 10.5GHz. Besides, 7.125 - 8.4GHz and 14.8 - 15.35GHz are listed as candidate frequency ranges for IMT system by WRC-27. Therefore, 7GHz, 10GHz and 15GHz related frequency ranges can be verified with a high priority.
According to [3], three sub-ranges listed in Table 1 were defined for 7-24GHz study. These sub-ranges can also be referred in the validation. For example, 7.125GHz and 10GHz are belonged to the same frequency sub-range. These frequency sub-ranges can also be merged depending on measurement results.



[bookmark: _Ref162823801]Table 1 Frequency sub-ranges and examples frequencies selection in 7 – 24 GHz range
	Frequency sub-range
	Frequency
(GHz)
	Example frequency
(GHz)

	1
	7.125 - fboundary, low
	10

	2
	fboundary, low - fboundary, high
	15

	3
	 fboundary, high - 24.250
	20

	Note 1:	fboundary, low is within the frequency range 10 - 13 GHz.
Note 2:	fboundary, high is within the frequency range 16 - 18 GHz.



[bookmark: _Ref166248292]Proposal 1: Prioritize for measurement of 7GHz, 10GHz and 15GHz related frequency ranges (or frequency sub-ranges) in the validation.
2.2. Aspects of channel model involved in the validation
In RAN1#116bis meeting, the following agreement on list of modelling parameters for 7 – 24GHz frequencies for the validation was achieved [2]. In this section, the necessity of the validation for the listed parameters is analyzed based on the available publications with measurement information.
	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



Pathloss model:
The path loss model of indoor-office scenario was measured and compared with the model in TR38.901 in [4] and [5]. For LOS case, the measurement results are relatively close to the model in TR38.901. In NLOS case, the measurement results tend to be larger than the model in TR38.901. In 8.45GHz, with fixed 3D distance (e.g., larger than 15 meters), the gap of path gain between the measurement results and TR38.901 model is about 5dB (< 6%). Therefore, the path loss model in TR38.901 is relatively accurate at least for indoor scenario.
[bookmark: _Ref166248244]Observation 1: In indoor-office scenario, the gap between the path loss related measurement results for 7-24GHz and the model in TR38.901 is not evident.
O-to-I penetration loss:
In TR38.901, penetration losses of the following four materials are modelled: standard multi-pane glass, IRR glass, concrete and wood. In [6], penetration losses of concrete, wood and glass with different thicknesses at 6-24GHz are measured. For each material, the measurement results of at least one thickness can be aligned with the model in TR38.901.
According to [7], penetration losses of standard glass and drywall/wood at 13GHz are in line with the model in TR38.901, but the measurements of IRR glass show smaller losses (the gap is about 4.6-7.6dB) at 13GHz than the model in TR38.901. 
In [8], the gap between the measured penetration loss of wood and the model of TR38.901 is about 2.5-4dB at 7GHz and 1.7-4.7dB at 15.5GHz. However, the thickness of the wood in [8] is much thinner than that in [6] (6mm, 10mm, 14mm versus 1cm, 5cm, 10cm, 15cm, 20cm). Since the penetration loss increases with the thickness of the material, the difference between the measurement results in [8] and the model in TR38.901 can be reduced when the thickness increases.
Since O-2-I penetration loss is a simplified model where the thickness of the material is not modelled, the gap between the current measurement results and the model in TR38.901 is not evident.
[bookmark: _Ref166248259]Observation 2: The gap between the O-2-I penetration loss related measurement results for 7-24GHz and the model in TR38.901 is not evident.
Delay spread model (mean, variance):
Current channel model in TR38.901 tends to give smaller delay spread for indoor-factory scenario at 19.85GHz based on some measurement [9]. There are also results of delay spread measurement for indoor-factory scenario [10]. For delay spread, the difference between the measurement results and the model in TR38.901 is smaller than 1% for the mean value. However, for standard deviation the gap can be as large as 20%. Therefore, standard deviation of delay spread can be further validated for 7-24GHz if necessary.
[bookmark: _Ref166248267]Observation 3: In indoor-office scenario, the gap between the delay spread related mean value measurement results for 7-24GHz and the model in TR38.901 is not evident.
[bookmark: _Ref166248274]Observation 4: In indoor-office scenario, the gap between the delay spread related standard deviation measurement results 7-24GHz and the model in TR38.901 cannot be ignored for.
Number of clusters:
According to the measurement results in [11], the number of clusters for LOS and NLOS indoor scenario at 10GHz is 10 and 11, respectively, which is smaller than the model in TR38.901 (15 for LOS, and 19 for NLOS).  In [12], the number of clusters for Shopping Mall scenario at 15GHz is further reduced (6.33 for LOS, and 6.98 for NLOS). Therefore, the validation of the number of clusters is needed. 
[bookmark: _Ref166248282]Observation 5: In indoor scenario, the gap between the number of clusters measurement results for 7-24GHz and the model in TR38.901 cannot be ignored.
In TR38.901, some parameters are not the related to the frequencies. These parameters include: LOS probability, shadow fading, K factor, delay scaling parameter, cluster ASD, cluster ASA, cluster ZSD, cluster ZSA, per cluster shadowing and correlation distances. Considering that the models of these parameters have already been validated by sufficient measurement results in other frequencies, the validation of these parameters for 7-24GHz can be deprioritized,
[bookmark: _Ref165916939]Table 2 Potential list of parameters in the validation
	Parameters
	Whether validation is needed

	Antenna modelling parameters (e.g. radiation power patterns, directional gain values, etc.)
	FFS

	Pathloss
	Not needed

	LOS probability
	Not needed

	O-to-I penetration loss
	Not needed

	Delay spread (mean, variance)
	Focus on variance 

	AoD spread (mean, variance)
AoA spread (mean, variance)
ZoA spread (mean, variance)
ZoD spread (mean, variance)
	FFS

	ZoD offset
	FFS

	Angle distribution characteristics (e.g. exponential, Gaussian, Laplacian distributions)
	FFS

	Shadow fading
	Not needed

	K factor (mean, variance)
	Not needed

	LSP cross correlations
	FFS

	Delay scaling parameter
	Not needed

	XPR
	Needed

	Number of clusters
	Needed

	Number of rays per cluster
	FFS

	Cluster delay spread
	FFS

	Cluster ASD
Cluster ASA
Cluster ZSD
Cluster ZSA
	Not needed

	Per Cluster shadowing
	Not needed

	Correlation distances
	Not needed

	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
	FFS



[bookmark: _Ref166248300]Proposal 2: The assessment of the necessity for validation for channel model parameters in Table 2 can be considered.
In RAN1#116bis, the following conclusion on new modelling parameters/scenarios and modelling procedure was made [2]:
	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



In TR38.901, the cross polarization power ratios (XPR) for each ray m of each cluster n is log-Normal distributed, and is constant with time. According to [13], average path gain (relative received power) per combination of transmit and receive polarization is varied with time, which reveals the variability of XPR. Since the measurement result of XPR is not aligned with the model in TR38.901, random power variability in each polarization can be further validated and then modelled for 7 – 24GHz frequencies.
[bookmark: _Ref166248307]Proposal 3: Random power variability in each polarization can be further validated and then modelled for 7 – 24GHz.
According to SID, the validation may consider all existing scenarios: UMi, UMa, indoor-office, RMa and indoor-Factory. Since SMa scenario was not identified by the SID, it is outside the scope of this SID. Moreover, according to [2], UMi, UMa, indoor-office and indoor-factory were agreed for studying/modelling of near-field and spatial non-stationarity, which shows that only these identified scenarios should be the candidate for studying/modelling for 7-24GHz frequency. Therefore, there is no need to support other scenarios which are not identified by the SID.
[bookmark: _Ref166248312]Proposal 4: SMa deployment scenario is not considered in the validation.
2.3. Interpretation of the SID
In RAN1#116bis meeting, the following proposal on the interpretation of SID was discussed but no agreement was achieved.
	Proposal #1-2
Proposed Agreement
· “Adapt/extend as necessary” in the SID objective should be interpreted as limiting such extensions to model changes that can potentially have a result- or conclusion-affecting impact on future studies.



In our view, adaptation/extension shall also rely on validation efforts. When near-field propagation and spatial non-stationarity are considered, the measurement results may be not aligned with the model in TR38.901. Therefore, the scope of adaptation/extension can be determined by the identified problems in measurement and validation. “Adapt/extend as necessary” in the SID objective should be interpreted as limiting such adaptation/extensions to those that only addressing identified problems.
[bookmark: _Ref166248320]Proposal 5: The SID can be interpreted as follows:
· “Adapt/extend as necessary” in the SID objective should be interpreted as limiting such adaptation/extensions to those that only addressing identified problems.
· Adaptation/extension includes updates that stem from validation efforts.
3. Conclusions
In this contribution, measurement frequencies, aspects of channel model involved in the validation and the interpretation of the SID are discussed for 7-24GHz. Based on the discussion, the following observations and proposals are made:
Observation 1: In indoor-office scenario, the gap between the path loss related measurement results for 7-24GHz and the model in TR38.901 is not evident.
Observation 2: The gap between the O-2-I penetration loss related measurement results for 7-24GHz and the model in TR38.901 is not evident.
Observation 3: In indoor-office scenario, the gap between the delay spread related mean value measurement results for 7-24GHz and the model in TR38.901 is not evident.
Observation 4: In indoor-office scenario, the gap between the delay spread related standard deviation measurement results 7-24GHz and the model in TR38.901 cannot be ignored for.
Observation 5: In indoor scenario, the gap between the number of clusters measurement results for 7-24GHz and the model in TR38.901 cannot be ignored.
Proposal 1: Prioritize for measurement of 7GHz, 10GHz and 15GHz related frequency ranges (or frequency sub-ranges) in the validation.
Proposal 2: The assessment of the necessity for validation for channel model parameters in Table 2 can be considered.
Proposal 3: Random power variability in each polarization can be further validated and then modelled for 7 – 24GHz.
Proposal 4: SMa deployment scenario is not considered in the validation.
Proposal 5: The SID can be interpreted as follows:
· “Adapt/extend as necessary” in the SID objective should be interpreted as limiting such adaptation/extensions to those that only addressing identified problems.
· Adaptation/extension includes updates that stem from validation efforts.
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