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Introduction
A Rel-19 Study item on channel modelling in the band from 7-24 GHz was approved in RAN1#102[1]. The justification for the study item is provided as follows:
With the anticipation that 6G studies could start in Release 20 timeframe, 3GPP should ensure that proper channel models are available for the entire range of spectrum applicable for 6G. While the existing 5G channel model TR38.901 does support channel modelling from 0.5 GHz to 100 GHz, it is acknowledged that 5G channel model development in RAN1 was primarily targeting sub-6 GHz and above 24 GHz mmWave bands. Companies reported channel measurement data spanning various frequency ranges from sub-6 GHz to up to 75 GHz. However, more than 80 % of the channel measurement data submitted to RAN1 was from sub-6GHz or from 24 GHz to 60 GHz bands.
More specifically, channel correlation parameters for 6 to 28 GHz were interpolated from measurements below 6 GHz and above 28 GHz, including simple first order scaling of the mean and standard deviation of DS, AoD, AoA, ZoA. Additionally, there was a lack of measurement data for modelling frequency dependency for the cluster DS, ASD, ASA, and ZSA for UMi deployment scenarios. Limited pathloss measurements were available and measurements based on a fixed BS height were used for the modelling. Measurements for O2I loss and calibration efforts for O2I scenarios were limited.
With 6G studies on the horizon, having a well-established channel model is crucial. 3GPP channel models are not just used within the 3GPP community but recognized all over the wireless industry for various commercial activities. As such, a study for the verification of the channel models for 7 to 24 GHz in Rel-19 is timely. Validation of the channel model should consider continuity of the model in the frequency domain and may consider comparison with existing channel models, which may be not strictly limited to 7 to 24 GHz frequency (e.g., boundary frequencies, sub-6GHz), for the modelling parameters of interest.
Lessons learned from 5G/5G Advanced also provide insights for new considerations for specification development.  Large MIMO antenna array deployments being envisioned for mid-band would test the limits of the existing channel models. Such considerations include near-field effects of the channel, and spatial non-stationary effects of the channel - the modelling of ray cluster blockages and/or channel parameter correlation effect on a subset of the antenna elements of a large antenna array. Additional considerations may also include the number/power of paths, cluster structure, material/building penetration loss models, and spatial consistency between a UE and different non-co-located TRPs, for example. As part of this study, assessment of these limitations and potential updates to better reflect new use cases in the 7 to 24 GHz band are proposed.

Additionally, the following RAN1-led objective was included for this study:

1. Validate using measurements the channel model of TR38.901 at least for 7-24 GHz
0. 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

This study was also to take into account the following considerations:
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 Nokia’s views regarding TR 38.901 channel model validation in the 7-24 GHz band.
[bookmark: _Hlk510705081]Discussion
Key Channel Characteristics in the 7-24 GHz Band to be Compared to TR 38.901
There are many key channel characteristics modelled in the current channel model in TR 38.901 [2], and by comparing these key components, we can gain valuable insights into the channel characteristics of 7-24 GHz channels and make informed decisions regarding whether to keep or update the channel model in TR 38.901 [2]. 
When comparing the channel characteristics of 7-24 GHz channels to the existing model in TR 38.901, we can identify any discrepancies or variations that may arise due to the different frequency range. This analysis helps us understand how the channel behaves in the 7-24 GHz range and whether any adjustments or updates are necessary to ensure the model's accuracy. By making informed decisions based on these comparisons, we can determine whether the current channel model in TR 38.901 adequately represents the channel characteristics in the 7-24 GHz range or if modifications are required. This will ensure that proper channel models are available for the entire range of spectrum applicable for communication and sensing in 6G.
[bookmark: _Ref162865897]Proposal 1:	Compare 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 Environment Scenarios in the 7-24 GHz band
As there are not many available channel measurement campaigns in the 7-24 GHz band, 3GPP members and research institutions in academia are encouraged to conduct reliable channel measurements at these frequencies. We highly encourage channel measurement campaigns that utilize various types of sounder systems, including but not limit to single antenna, phased array, frequency domain, time domain, narrow band, and wideband systems in the frequency range of 7-24 GHz. These campaigns play a crucial role in advancing our understanding of wireless communication in this frequency band. In particular, we prefer sounding systems that offer fine spatial/angular and temporal resolutions. These systems allow for more detailed characterization of the wireless channel, enabling better insights into the propagation environment. Fine spatial/angular resolution helps in capturing the directional properties of the channel, while temporal resolution allows for the analysis of time-varying channel characteristics. Additionally, channel measurements should cover all existing scenarios including UMi-street canyon, UMa, Indoor-Office, RMa and Indoor-Factory.
[bookmark: _Ref162865912]Proposal 2: 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.
We strongly encourage channel measurement campaigns to include both Line-of-Sight (LOS) and Non-Line-of-Sight (NLOS) propagations. LOS conditions represent direct signal paths without significant obstructions, while NLOS conditions involve signal reflections, diffractions, and scattering due to obstacles in the propagation environment. Understanding the characteristics of both LOS and NLOS scenarios is crucial for developing robust wireless communication systems. Additionally, we prefer channel measurements that cover a wide range of transmitter-receiver (TX-RX) separation distances. For indoor scenarios, distances ranging from 1 to 100 meters are recommended, while for outdoor scenarios, distances from 1 to 500 meters are preferred. This range allows for a comprehensive understanding of the channel behavior at different distances, which is essential for designing communication systems with optimal coverage and capacity.
[bookmark: _Ref162865860]Observation 1:	TR 38.901 distinguishes between channel models for LOS and NLOS scenarios. The LOS path loss models in TR 38.901 are found to be frequency-independent beyond the frequency square effect.
[bookmark: _Ref162865918]Proposal 3: Channel measurements are encouraged to include both LOS and NLOS propagations in various scenarios and a large range of TX-RX separation distances are preferred (e.g., 1-100 m for indoor and 1-500 m for outdoor). 
Channel measurement campaigns that involve measurements in different frequency bands at the same locations are highly encouraged, such as sub-6 GHz, 7-24 GHz, and frequency above 24 GHz. Conducting measurements at the same locations across these frequency bands is essential to validate the continuity of the channel model.
[bookmark: _Ref162865927]Proposal 4: Channel measurements in different frequency bands (e.g., FR1, 7-24 GHz, and FR2) at the same locations are encouraged, which would help to capture the channel differences across frequencies and validate the continuity of the channel model.   

Available Channel Measurements
The existing literature contains numerous papers that present specific channel characteristics, such as penetration loss [3] and path loss [4], in the 7-24 GHz band. These resources can be valuable for validation purposes and to enhance our understanding of the spectrum between FR1 and FR2. It is recommended to leverage these findings to further support and strengthen the proposed research.
There are many planned and ongoing channel measurement campaigns in the 7-24 GHz band by 3GPP members and research institutions in academia, aiming to provide comprehensive channel models for 6G. For example, channel measurements spinning from sub-6 GHz to 140 GHz will be conducted by Next G Alliance members [5].     
[bookmark: _Ref162865865]Observation 2: There are many existing research papers in literature presenting measurement results in the 7-24 GHz band.
[bookmark: _Ref162865933]Proposal 5: Leverage both the available channel measurement campaigns and the wealth of research papers in literature in the 7-24 GHz band for TR 38.901 validation.

Conclusion
In this contribution, we make the following observations regarding of channel model validation of TR 38.901 in the 7-24 GHz: 
Observation 1:	TR 38.901 distinguishes between channel models for LOS and NLOS scenarios. The LOS path loss models in TR 38.901 are found to be frequency-independent beyond the frequency square effect.
Observation 2: There are many existing research papers in literature presenting measurement results in the 7-24 GHz band.
 
Additionally, the following proposals are made regarding use cases and scenarios for ISAC channel modeling: 
Proposal 1:	Compare 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 2: 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 3: Channel measurements are encouraged to include both LOS and NLOS propagations in various scenarios and a large range of TX-RX separation distances are preferred (e.g., 1-100 m for indoor and 1-500 m for outdoor). 
Proposal 4: Channel measurements in different frequency bands (e.g., FR1, 7-24 GHz, and FR2) at the same locations are encouraged, which would help to capture the channel differences across frequencies and validate the continuity of the channel model.   
Proposal 5: Leverage both the available channel measurement campaigns and the wealth of research papers in literature in the 7-24 GHz band for TR 38.901 validation.
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