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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.
Discussion
In RAN1#116bis, the following agreement was made regarding maximum aperture sizes considered for near-field propagation modelling:
Agreement
For the assumption on the aperture size of antenna array, the following is considered as reference for channel model study.
· up to [TBD] m, or [TBD] lambda for UMi
· up to [TBD] m, or [TBD] lambda for UMa
· up to [TBD] m, or [ TBD] lambda for Indoor office
· up to [TBD] m, or [TBD] lambda for Indoor factory
Although some proposals were put forward, no consensus was reached on maximum antenna aperture by the conclusion of the meeting. One proposal was put forward that a maximum antenna diagonal dimension for a uniform rectangular array, which seems consistent with available industry products would be as follows:
· UMa – 
· UMi – 
· InF –  
· InO –   

Proposal 1:	For study of near-field propagation modeling a the following maximum diagonal dimension for a uniform rectangular array is considered:
· UMa – 
· UMi – 
· InF –  
· InO –   

With regard to spatial non-stationarity modeling, 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 [2], 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: _Ref166066855]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 with 70 mm in width and 150 mm in height, respectively.  
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[bookmark: _Ref166062679]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: _Ref166066882]Proposal 2:	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: _Ref166066886]Proposal 3: 	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: _Ref166062777][bookmark: _Ref166066946]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 4: Consider evaluation parameters in Table 1 as baseline assumption for UE modelling in 7-24 GHz band.
In RAN1#116bis, the following agreements were made regarding the modeling of spatial non-stationarity for antenna blockage:
Agreement
The following scenarios defined in TR38.901 should be considered for studying/modelling of spatial non-stationarity
· UMi, UMa, Indoor office and Indoor factory
· FFS: RMa and other new scenarios

Agreement
For the modelling of spatial non-stationarity, at least the following options can be studied to identify the impacted ray/cluster and element-pair link:
· Option 1: Introducing per ray/cluster the visible probability, or visibility region for set of antenna element
· Option 2: Introducing the physical blocker to emulate the blockage impact on the link for each element-pair   
Note: The consistency across antenna elements and across clusters should be guaranteed.
In TR 38.901[2], two blockage models are defined. Specifically, blockage model A is adopting a stochastic method and blockage model B is adopting a geometric method for capturing human and vehicular blocking. Both blockage model A and B aim to capture the blockage effect happening in the far field, which adds additional attenuation to the whole link.

[bookmark: _Ref166066860]Observation 2:	The current blockage model in TR 38.901 does not capture the near-field effect, and does not provide proper element-wise channel blockage modelling for UEs.
Proposal 5:	Further study spatial non-stationarity of UEs due to hand and head blockage.

In the following we perform a focused simulation study and analysis focusing on the impact of a human hand on the blockage of the signal via electromagnetic simulations with a generic 4 antenna smartphone form factor to compare the human self-blocking region of model A in TR 38.901 with our simulation. In the following we will argue for an element-wise channel blockage parametrization at UE and why the current model does not provide with proper element-wise modelling.
A generic smartphone reference MCAD model with integrated antennas solution to cover all NR band and the upcoming 6G bands is used to show a possible far-field antenna characteristics of antennas operating at 7800 MHz. The antenna implementation is limited to only having antennas in the top and bottom of the phone, as that is the typical antenna implementation for smartphone commercially available today. The limitation for the placement of the antennas is dictated by the industrial design of the phone and the mechanical stack-up.
The simulated radiation patterns (realized gain) of the four antennas supporting 7800 MHz are shown for Free-Space in Figure 2 and in Figure 3 including a CTIA defined Right Hand Phantom.    
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[bookmark: _Ref166063330]Figure 2: Simulated Radiation patterns (realized gain) in Free-Space at 7800 MHz.
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[bookmark: _Ref166063341]Figure 3: Simulated Radiation patterns (realized gain) including CTIA Right Hand Phantom at 7800 MHz.
Having an antenna implementation for 7800 MHz using the electrical large chassis of the phone as ground plane, will result in directive radiation patterns, where the angular direction of the maximum realized gain will be different from each of the four antennas. It is also evident that only the antennas in the bottom of the phone are severely affected by the CTIA left hand phantom, as only those antennas are in proximity of the phantom. The simulated Efficiency, Realized Gain and Directivity for all four antennas in both Free-Space and including the CTIA Right Hand Phantom and summarized in Table 2.
[bookmark: _Ref166066866]Observation 3:	The human hand can cause element-wise blockage to the UE, which is not adequately modelled in the current TR 38.901 blockage models.
	
	Efficiency
	Realized Gain
	Directivity

	Ant: Top Left

	Free Space
	-6.7 dB
	0.6 dBi
	7.3 dBi

	CTIA Right Hand Phantom
	-7.1 dB
	0.0 dBi
	7.1 dBi

	Ant: Top Right

	Free Space
	-6.8 dB
	0.6 dBi
	7.4 dBi

	CTIA Right Hand Phantom
	-7.2 dB
	0.8 dBi
	8.1 dBi

	Ant: Bottom Left

	Free Space
	-6.9 dB
	0.5 dBi
	7.4 dBi

	CTIA Right Hand Phantom
	-14.0 dB
	-3.9 dBi
	10.0 dBi

	Ant: Bottom Right

	Free Space
	-6.7 dB
	0.6 dBi
	7.3 dBi

	CTIA Right Hand Phantom
	-10.1 dB
	-2.0 dBi
	8.2 dBi


[bookmark: _Ref166063867]Table 2: Simulated Antenna Characteristics for Free Space and including CTIA Right Hand Phantom.
The current 3GPP self-blocking model A is defined in TR 38.901, where a specific region affected by the blockage is identified as shown below in Table 3. A 30 dB attenuation is added for all angular direction within the self-blockage region. 

	
	ϕsb
	xsb
	θsb
	ysb

	Portrait
	260°
	120°
	100°
	80°

	Landscape
	40°
	160°
	110°
	75°


[bookmark: _Ref166064451]Table 3: Current 3GPP self-blockage region parameters.
The implementation of the current 3GPP self-blockage model A is best illustrated by displayed the 3D radiation patterns as stereographic projection and shown in the plots below as a dark blue square, representing to region with an added 30 loss. The plots in Figure 4 shows the stereographic projection of the realized gain for each antenna in Free-Space, Free-Space including the 3GPP self-blockage portrait region and the simulation results including the CTIA Right Hand Phantom.
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	Free Space + 3GPP Portrait Blocking Model (30 dB loss in blue Square)
	CTIA Right Hand Phantom
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[bookmark: _Ref166065229]Figure 4: Comparison of the current 3GPP portrait blockage model at 7800 MHz (realized gain).
[bookmark: _Ref166066869]Observation 4:	The current portrait blockage model results in a significant performance gap when compared to realistic simulations of the single hand user grip case at 7.8 GHz.
It’s evident from Figure 4 that the current 3GPP self-blockage model A doesn’t represent the effect of the single hand user grip very well at these higher frequencies where the chassis of the phone is electrically large. A different approach for a self-blockage model could be to base it on an efficient scaling of the antennas that are most affected by the user hand, which in this simulation example would be the two antennas located in the bottom of the phone. As such, no loss is added to the antennas in the top of the phone, as the influence of the user hand is minimal. However, a loss of 3 dB and 7 dB is added to the Free-Space radiation pattens of the bottom antennas, as illustrated in Figure 5.      


	
	Free Space
	New Blocking Model
Ant: Top Left = FS + 0 dB loss
Ant: Top Right = FS + 0 dB loss
Ant: Bottom Left = FS + 3 dB loss
Ant: Bottom Right = FS + 7 dB loss
	CTIA Right Hand Phantom
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[bookmark: _Ref166066409]Figure 5: Comparison of a New universal blockage model at 7800 MHz (realized gain).
[bookmark: _Ref166066873]Observation 5:	The proposed new element-wise self-blockage model provides a much more accurate approximation of the single hand blockage effect to the UE.
The plots in Figure 5 clearly shows that this proposed new self-blockage model will result in a much more correct approximation of the self-blockage effect of a user hand, that the current 3GPP specified self-blockage model A. An advantage of this proposed new self-blockage model is that the efficiency of the individual antennas is scaled to that expected when a used grips the phone as specified by CTIA for a right-hand grip. In addition, this new proposed new self-blockage model can easily be scaled to other grips like, dual hand grips (landscape), by defining a new set of attenuation parameters for the four antennas.


An example of such sets self-blockage antenna attenuation parameters for different user grip definitions is shown in Table 4 below.
	Antenna Port
	Added loss in Free-Space
	Added loss for a one hand grip (Portrait)
	Added loss for a dual hand grip (Landscape)
	Added loss for head and one hand grip

	AP#1
	x dB
	x dB
	x+z1 dB
	x+w1 dB

	AP#2
	x dB
	x dB
	x+z2 dB
	x+w2 dB

	AP#3
	x dB
	x+y1 dB
	x+z1 dB
	x+w3 dB

	AP#4
	x dB
	x+y2 dB
	x+z2 dB
	x+w4 dB


[bookmark: _Ref166066983]Table 4: New proposed element-wise self-blockage model for 6G.
[bookmark: _Ref166066901]Proposal 6: Consider adding the element-wise blockage model for single hand grip, dual-hand grip, and head with one hand grip cases.
[bookmark: _Ref166066904]Proposal 7: Using Table 4 as a template to collect simulation and measurement results for element-wise hand/head blockage loss.
The parameters used in these simulations for a one hand grip (portrait) scenario is: y1=3 dB and y2 = 7 dB. The used radiation patterns in the above plots are all for realized gain, including absorption loss and impedance mismatch loss of the used reference smartphone design and no additional Free-Space loss (x) is added to these results. However, if a new EVM of the UE antennas are adopted and by default is defined with a 0 dB efficiency, then adding a Free-Space loss (x) to the antennas could be beneficial for some LLS and SLS cases where realistic SINR values are prioritized for more realistic results.
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. 
Observation 2:	The current blockage model in TR 38.901 does not capture the near-field effect, and does not provide proper element-wise channel blockage modelling for UEs.
Observation 3:	The human hand can cause element-wise blockage to the UE, which is not adequately modelled in the current TR 38.901 blockage models.
Observation 4:	The current portrait blockage model results in a significant performance gap when compared to realistic simulations of the single hand user grip case at 7.8 GHz.
Observation 5:	The proposed new element-wise self-blockage model provides a much more accurate approximation of the single hand blockage effect to the UE.

 
Additionally, the following proposals are made regarding use cases and scenarios for ISAC channel modeling: 
Proposal 1:	For study of near-field propagation modeling a the following maximum diagonal dimension for a uniform rectangular array is considered:
· UMa – 
· UMi – 
· InF –  
· InO –   
Proposal 2:	Consider a realistic UE smartphone antenna model more specifically considering the smartphone UE case. 
Proposal 3: 	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 4: Consider evaluation parameters in Table 1 as baseline assumption for UE modelling in 7-24 GHz band.
Proposal 5:	Further study spatial non-stationarity of UEs due to hand and head blockage.
Proposal 6: Consider adding the element-wise blockage model for single hand grip, dual-hand grip, and head with one hand grip cases.
Proposal 7: Using Table 4 as a template to collect simulation and measurement results for element-wise hand/head blockage loss.
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