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In RAN Plenary #102, study for channel modeling verification for 7 – 24 GHz was approved ‎[1]. The Study includes two objectives as described below.
· 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.

· [bookmark: _Hlk160723968]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 document, we discuss the potential aspects that may require channel modeling validation effort for frequencies from 7 to 24 GHz. We provide analysis of previous channel modeling design and the references used by the channel modeling for obtaining the models for frequencies from 7 to 24 GHz.
Discussion of previous study for 7 – 24 GHz range
Many of the important modeling decisions for the channel model defined in TR 38.901 was made in RAN1 Ad-hoc meeting for channel modeling during Release 14. The Ad-hoc meeting was held in March 2016. Many of the core modeling design was discussed and agreed during this meeting, which became the basis for TR 38.900. RAN1 further worked on finalizing the details and incorporating various corrections throughout Release 14. Harmonization of the contents of TR 36.873 and TR 38.900 was discussed in RAN1 NR Ad-hoc #1 meeting in January 2017. TR 36.873 was the spatial channel model that was widely used for LTE studies prior to development of TR 38.900. Companies identified various modeling conflicts for below 6 GHz, and it was decided to migrate the content of TR 38.900 while incorporating some fixes stemming from TR 36.873 into a new TR 38.901. The creation of TR 38.901 was approved in RAN #75. The channel model in TR 38.901 was further updated with minor changes and corrections throughput Release 14.
Among many aspects of the channel modeling design, key large-scale parameters of the model were based on multi-organization collaboration publication “5G Channel Model for bands up to 100 GHz” ‎[2] ‎[3]. The joint work contains a large number of measurement campaigns conducted by companies and universities for various frequencies up to 100 GHz. While the measurements and ray tracing modeling results were obtained for various frequencies, the number of data points for frequencies between 7 to 24 GHz were minimal. The following lists all measurement data that was published as part of the whitepaper publication. 
UMi – Street Canyon
· 15 GHz RMS delay spread and excess loss field measurements (Ericsson)
· 10 GHz RMS delay spread and pathloss field measurements (Intel/Fraunhofer) -> RMS delay spread, PL
· 10 GHz, 18 GHz, and 20 GHz various large-scale parameters (e.g. ASA for LOS) (Nokia/Aalborg Univ.)
· 10 GHz, 18 GHz, 20 GHz -> ASA for LOS for 15 GHz
· 10 GHz and 15 GHz simulated ray tracing data (Samsung)
UMa
· 10 GHz, 18 GHz various large-scale parameters (Nokia/Aalborg Univ.)
· 8.45 GHz and 26.4 GHz various large-scale parameters (NTT Docomo)
· Information data is merged with other data points from 0.81 GHz, 2.2 GHz, 4.7 GHz, and 37.1 GHz.
Indoor – including various indoor deployments
· 14 GHz pathloss, shadow fading, and RMS delay parameters (CMCC)
· 15 GHz delay spread parameters (Ericsson)
· 19.85 GHz various large-scale parameters (NTT Docomo) 
· 15 GHz various large-scale parameters (Aalto Univ.) 
Beyond the whitepaper, there were other data points that were submitted to RAN1 that included measurements in frequencies between 7 and 24 GHz. Some notable results were O2I penetration loss measurements for 10 to 18 GHz ‎[4], delay spread/angular spread measurements for indoor office environments at 8 GHz and 15 GHz ‎[5], pathloss and shadow fading measurements for UMi street canyon and indoor offices for 14 GHz ‎[6], RMS delay measurements for UMi street canyon and indoor office scenario for 14 GHz ‎[7], material penetration loss of various materials that cover frequencies 7 to 24 GHz ‎[8], shadow fading and pathloss for UMi and UMa scenarios in 18 GHz ‎[9], and RMS delay spread and excess loss measurements for UMi in 14.8 GHz ‎[10].
Other than contributions listed above, there were other contributions from companies to provide measurement data. However, from our investigation the data points for measurement data between 7 to 24 GHz were very limited. It should be noted that from our knowledge no field measurement data for rural environments were submitted by companies, and many of the rural scenario parameters were either based on extrapolation of data from UMa or from ray tracing models.
Observation 1:
· Prior channel modeling efforts for TR 38.901 had measurement inputs from companies and organizations for the following scenarios and frequencies:
· Indoor scenarios at 14, 15, 19.85 GHz
· UMi street canyon scenarios at 10, 15 GHz
· UMa scenario for 8.45, 10, 18, and 26.4 GHz
· Among measurement inputs for frequencies between 7 to 24 GHz, there were more data on the RMS delay spread, pathloss, penetration loss, SF measurement data compared to other large-scale parameters (LSP).
· Among measurement inputs for frequencies between 7 to 24 GHz, there were more data for indoor deployments.
Discussion of modeling parameters
The current channel model contains various modeling parameters that help determine how the channel coefficients for a given frequency behaves. For the study of 7 to 24 GHz, we do not believe all modeling parameters need to be revisited. The following table summarizes the modeling parameters currently defined in TR 38.901 and our comments on whether certain parameters may require further investigation for validation.
Table 1. Initial assessment of need for validation for channel modeling parameters in TR 38.901
	Modeling Parameter
	Notes
	Assessment of need for validation

	Antenna modeling parameters (e.g. radiation power patterns, directional gain values, etc.)
	
	No need to revisit.

	Pathloss
	PL is formulated with a generic equation based on frequency, distances, and BS/UE heights.
	Could potentially review. Careful consideration on how to validate and consider continuity in frequency domain is needed.

	LOS probability
	Probability is based on geometric positions/distances of nodes and not a function of frequency.
	No need to revisit.

	O2I penetration loss
	Generic function of frequency
	From our understanding, O2I penetration was developed with careful measurement data across frequency that include 7-24 GHz. We do not believe there is need to revisit this parameter.

	Delay spread (mean, variance)
	Loss function of material and distances and not a function of frequency.
	No need to revisit.

	AoD spread (mean, variance)
	Some parameters are function of frequency.
	Many of the LSPs were derived from ray tracing data set. Therefore, they could potentially be reviewed. Similar to pathloss, careful consideration on how to validate and consider continuity in frequency domain is needed.
Further check is needed on whether RAN1 needs to revisit parameters those that are not function of frequency.
For number of cluster LSP, while the parameter is not function of frequency, it has some relationship of overall angular power distribution profile and could potentially be reviewed further.

	AoA spread (mean, variance)
	
	

	ZoA spread (mean, variance)
	
	

	ZoD spread (mean, variance)
	
	

	ZoD offset
	
	

	Shadow fading
	Not a function of frequency
	

	K factor (mean, variance)
	Not a function of frequency
	

	LSP cross correlations
	Not a function of frequency
	

	Delay scaling parameter
	Not a function of frequency
	

	XPR
	Not a function of frequency
	

	Number of clusters
	Not a function of frequency
	

	Number of rays per cluster
	Not a function of frequency
	

	Cluster delay spread
	Some parameters are function of frequency.
	

	Cluster ASD
	Not a function of frequency
	

	Cluster ASA
	Not a function of frequency
	

	Cluster ZSA
	Not a function of frequency
	

	Per Cluster shadowing
	Not a function of frequency
	

	Correlation distances
	Not a function of frequency
	

	Oxygen absorption
	Parameters provide oxygen loss from 52 to 100 GHz.
	Not relevant. No need to revisit.

	Correlation distance for spatial consistency
	Parameters not a function of frequency
	No need to revisit.

	Blockage region parameters/blocker parameters
	Parameters not a function of frequency
	No need to revisit.

	Spatial correlation for blockages
	Parameters not a function of frequency
	No need to revisit.

	Material properties for ground reflector model
	Parameters provide relative permittivity and conductivity for frequency ranges 1 to 100 GHz
	Prior results seem sufficient. No need to revisit.



While we make some initial assessment of whether certain parameters are required to be revisited in the table above, they are initial assessment and further careful review on whether to revisit such parameters should be conducted. Also, any future attempts on modifying the channel modeling parameters require further discussion on how to achieve frequency continuity and what criteria to use for determining the need for making updates to the model. Therefore, the table above could be considered as a starting point for further discussion.
Proposal 1:
· Consider initial assessment of need for validation for channel modeling parameters in TR 38.901 described in Table 1 of R1-2402129 as starting point for further discussion on channel modeling validation for 7 to 24 GHz.

Conclusions
In this contribution, we discussed the potential aspects that may require channel modeling validation effort for frequencies from 7 to 24 GHz. The following is a summary of proposals and observations made in this contribution.
Observation 1:
· Prior channel modeling efforts for TR 38.901 had measurement inputs from companies and organizations for the following scenarios and frequencies:
· Indoor scenarios at 14, 15, 19.85 GHz
· UMi street canyon scenarios at 10, 15 GHz
· UMa scenario for 8.45, 10, 18, and 26.4 GHz
· Among measurement inputs for frequencies between 7 to 24 GHz, there were more data on the RMS delay spread, pathloss, penetration loss, SF measurement data compared to other large scale parameters (LSP).
· Among measurement inputs for frequencies between 7 to 24 GHz, there were more data for indoor deployments.
Proposal 1:
· Consider initial assessment of need for validation for channel modeling parameters in TR 38.901 described in Table 1 of R1-2402129 as starting point for further discussion on channel modeling validation for 7 to 24 GHz.

Table 1. Initial assessment of need for validation for channel modeling parameters in TR 38.901
	Modeling Parameter
	Notes
	Assessment of need for validation

	Antenna modeling parameters (e.g. radiation power patterns, directional gain values, etc.)
	
	No need to revisit.

	Pathloss
	PL is formulated with a generic equation based on frequency, distances, and BS/UE heights.
	Could potentially review. Careful consideration on how to validate and consider continuity in frequency domain is needed.

	LOS probability
	Probability is based on geometric positions/distances of nodes and not a function of frequency.
	No need to revisit.

	O-to-I penetration loss
	Generic function of frequency
	From our understanding, O-to-I penetration was developed with careful measurement data across frequency that include 7-24 GHz. We do not believe there is need to revisit this parameter.

	Delay spread (mean, variance)
	Loss function of material and distances and not a function of frequency.
	No need to revisit.

	AoD spread (mean, variance)
	Some parameters are function of frequency.
	Many of the LSP were derived from ray tracing data set. Therefore, could potentially review them. Similar to pathloss careful consideration on how to validate and consider continuity in frequency domain is needed.
Further check is needed on whether RAN1 needs to revisit parameters those that are not function of frequency.
For number of cluster LSP, while the parameter is not function of frequency, it has some relationship of overall angular power distribution profile and could potentially be reviewed further.

	AoA spread (mean, variance)
	
	

	ZoA spread (mean, variance)
	
	

	ZoD spread (mean, variance)
	
	

	ZoD offset
	
	

	Shadow fading
	Not a function of frequency
	

	K factor (mean, variance)
	Not a function of frequency
	

	LSP cross correlations
	Not a function of frequency
	

	Delay scaling parameter
	Not a function of frequency
	

	XPR
	Not a function of frequency
	

	Number of clusters
	Not a function of frequency
	

	Number of rays per cluster
	Not a function of frequency
	

	Cluster delay spread
	Some parameters are function of frequency.
	

	Cluster ASD
	Not a function of frequency
	

	Cluster ASA
	Not a function of frequency
	

	Cluster ZSA
	Not a function of frequency
	

	Per Cluster shadowing
	Not a function of frequency
	

	Correlation distances
	Not a function of frequency
	

	Oxygen absorption
	Parameters provide oxygen loss from 52 to 100 GHz.
	Not relevant. No need to revisit.

	Correlation distance for spatial consistency
	Parameters not a function of frequency
	No need to revisit.

	Blockage region parameters/blocker parameters
	Parameters not a function of frequency
	No need to revisit.

	Spatial correlation for blockages
	Parameters not a function of frequency
	No need to revisit.

	Material properties for ground reflector model
	Parameters provide relative permittivity and conductivity for frequency ranges 1 to 100 GHz
	Prior results seem sufficient. No need to revisit.
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