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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. 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: 
0. Near-field propagation (with consideration being given to consistency between near-field and far-field)
0. Spatial non-stationarity

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 adaptation/extension in the 7-24 GHz band.
[bookmark: _Hlk510705081]Discussion
An aspect of channel modelling that may require enhancement for 7-24 GHz and other 6G studies is a more realistic model of UE antennas. Evaluations for both sub-7 GHz and FR 2 bands have frequently relied on overly simplistic antenna models and failed to capture relevant features of signal propagation related to UE coverage and hand and head blockage.
In the antenna modelling section of TR 38.901, the BS antenna is modelled by a uniform rectangular panel array with a parametrized number of panels, defined spacing between panels, parameterized number of antenna elements per panel, well defined antenna element radiation pattern and spacing between antenna elements. In the context of 5G NR, the typical radiation pattern of a below 7GHz UE antenna pattern has been defaulted to an omnidirectional pattern with a half wavelength spacing between elements [2]. In FR2, an antenna structure like that of gNBs has been assumed for UEs [4, 5]. A similar antenna model was used for UL Tx MIMO enhancements in Rel-18 [6]. However, this assumption may be unrealistic when considering smartphones in the 7-24 GHz frequency band. 
[bookmark: _Ref163207702]Observation 1:	UE antenna modelling assumptions from previous MIMO studies may not accurately model real antennas in the 7-24GHz band.
In TR 38.803 [3], the FR1 UE model under consideration has assumed not only isotropic antenna elements but also a half wavelength spacing between UE elements, forming a uniform linear array pairwise per polarization. However, smartphones typically feature antennas positioned on each corner of the phone, with a single port per antenna, resulting single polarization per element for a given direction. When studying numerous commercial smartphone models both for 4G and 5G, although varying in size, layout and materials used, it may be better to approximate and average the characteristics to create a representative device model. For instance, the representative model depicted in Figure 1 showcases 4 UE antennas spaced with70mm in width and 150mm in height, respectively. 
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[bookmark: _Ref163054116]Figure 1: Physical orientation and relative distance of elements on UE.


When considering the channel matrix H as a model between the BS and UE TR 38.901, there is a need for more flexibility in defining the orientation and spacing of antenna elements and antenna arrays. An inherent and important aspect of accurately modelling the full channel between the BS and the UE therefore should include a realistic UE antenna model.
[bookmark: _Ref163207716]Proposal 1:	Consider a realistic UE smartphone antenna model more specifically considering the smartphone UE case.
As the carrier wave frequency increases, the electrical distance between elements also increases in commercial devices. However, in a model with half a wavelength spacing between elements, this distance is frequency agnostic. A smartphone antenna typically spans over a wide range of frequencies and with the new frequency ranges in the 7-24 GHz, a more appropriate modelling approach would be to consider a fixed physical distance between antenna elements.
[bookmark: _Ref163207721]Proposal 2: Consider a realistic UE smartphone antenna element pattern with directivity as well as fixed well defined spacings between elements that are not agnostic to carrier wavelength.
To propose a directive UE antenna element pattern that better mimics the smartphone case, one of the design criteria would be to maintain efficiency of the element with respect to an isotropic case. A baseline model for antennas operating in 7-24 GHz may follow the parameters provided in Table 1. 

 

[bookmark: _Ref163053724]Table 1: Proposed UE antenna element pattern
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	

	Antenna element horizontal radiation pattern (dB)
	


	Combining method for 3D antenna element pattern (dB)
	

	Maximum directional gain of an antenna element GE,max
	5 dBi

	(Mg, Ng, M, N, P) 
	 (2, 2, 1, 1, 1), antennas offset by 90

	(dx, dy)
	(70mm, 150mm)



[bookmark: _Ref163207724]Proposal 3: Consider evaluation parameters in Table 1 as baseline assumption for UE modelling in 7-24 GHz band.
Conclusion
In this contribution, we make the following observations regarding use cases scenarios for ISAC channel modeling: 

Observation 1:	UE antenna modelling assumptions from previous MIMO studies may not accurately model real antennas in the 7-24GHz band.
 
Additionally, the following proposals are made regarding use cases and scenarios for ISAC channel modeling: 

Proposal 1:	Consider a realistic UE smartphone antenna model more specifically considering the smartphone UE case.

Proposal 2: Consider a realistic UE smartphone antenna element pattern with directivity as well as fixed well defined spacings between elements that are not agnostic to carrier wavelength.

Proposal 3: Consider evaluation parameters in Table 1 as baseline assumption for UE modelling in 7-24 GHz band.
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