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1. [bookmark: _heading=h.gjdgxs]Introduction
In RAN#102, a study on channel modelling enhancements for 7-24 GHz for NR was approved [1]:
	Justification: 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.
The objectives of this study are:
· [bookmark: _Hlk163214266]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.



6G is poised to leverage more abundant spectrum resources [2,3]. Although the existing 5G channel model TR 38.901 [4] does support channel modeling from 0.5 GHz to 100 GHz, the channel correlation parameters for 6-28 GHz are interpolated from measurements below 6 GHz and above 28 GHz, including delay spread (DS), AoD, AoA, ZoA, etc. Nowadays, [5] and [6] carry out line-of-sight (LOS) and non-line-of-sight (NLOS) channel measurements at 7-24 GHz, revealing the frequency dependency of channel characteristics such as path loss, shadow fading, DS, and Ricean K-factor. [7] and [8] found significant channel sparsity for high-frequency signals. [8] compared the channel sparsity between measurements and 3GPP TR38.901, identifying notable disparities in the number/power of paths specified in the current standard versus actual measurements. The frequency dependency of channel parameters, the number/power of paths, spatial consistency, and penetration loss profoundly influence the accuracy of the channel model.
In this contribution, we provide our views on the validation and the details for Rel-19 channel modeling enhancements for 7-24 GHz. Key considerations include the frequency dependency of channel parameters, number/power of paths, spatial consistency, and material/building penetration loss.

2. Frequency Dependency of Channel Parameters
· Channel measurement system setup and scenario
In the UMa scenario, we conducted channel measurement campaigns at 10.2, 11.2, 11.8, 12.4, 13.0, 13.6, 14.2, and 14.8GHz using the Rohde & Schwarz (R&S) signal generator model SMW200A and Rohde & Schwarz (R&S) spectrum analyzer model FSW43, and then used the captured channel data to study the channel characteristic. The detailed measurement settings are shown in Table 2-1. The detailed antenna parameters are illustrated in Table 2-2.
Table 2-1 Measurement settings in the UMa scenario.
	Parameters
	Value/Type

	Carrier Frequency
	10.2, 11.2, 11.8, 12.4, 13.0, 13.6, 14.2 and 14.8GHz

	RF Bandwidth
	400 MHz

	Antenna Type
	TX: Double-ridged horn antenna
RX: Biconical antenna /Double-ridged horn antenna/ Horn antenna/ Waveguide probe antenna

	Antenna Height
	TX: 62.5 m, RX: 1.85 m/4.2m/6.6m



Table 2-2 Antenna parameters in measurement.
	Antenna Type
	Frequency Range (GHz)
	Antenna Gain (dBi)
	HPBW (º)
	Polarization Mode

	Biconical antenna
	3.0-40.0
	3
	360
	Vertical
Polarization

	Waveguide probe antenna
	10.0-15.0
	5
	107 (E), 63 (H)
	Vertical
Polarization

	Double-ridged horn antenna
	2.0-18.0
	14.5
	25.9 (E), 41.1 (H)
	Vertical
Polarization

	Horn antenna
	10.0-15.0
	20
	16 (E), 17 (H)
	Vertical
Polarization



In the UMa scenario, we captured channel data and performed statistical analysis of channel characteristics at 10.2, 11.2, 11.8, 12.4, 13.0, 13.6, 14.2, and 14.8 GHz, respectively. The transmitter was set up on the roof of the main building of Beijing University of Posts and Telecommunications. The height of the building is 60 m. The receiver is placed on the ground, and fixed-point measurements are made along all the routes shown in Fig. 2-1. Due to the long measurement routes and the dense vegetation of the school buildings, the measured channel conditions will change between LOS, OLOS, and NLOS as the point location changes for each route. Due to the large area of the roof of the building, during the measurement process, we choose to set up the transmitter antenna at different locations on the roof of the building according to the different measurement routes. 
[image: ]
Figure 2-1 The measured UMa scenario.

· Results analysis
In the UMa scenario, there is a LOS and NLOS case that is obscured by a building. The results in the two cases are quite different, so the delay spread in the two cases will be discussed separately. We compare the statistical results with those in the 3GPP channel model, as shown in Table 2-3. The frequency dependency of mean (μ) and standard deviation (σ) of root mean square (RMS) DS in LOS and NLOS cases are illustrated in Fig. 2-2 and Fig. 2-3, respectively.
Table 2-3 The delay spread results of measurement and 3GPP model in the UMa scenario.
	Scenarios
	Frequency
(GHz)
	Bandwidth
(MHz)
	Delay Spread
log10(DS/1s)
	3GPP
log10(DS/1s)

	
	
	
	
	
	
	

	
	
	
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS

	UMa
	10.2
	400
	-7.49
	-6.89
	0.272
	0.452
	-7.05
	-6.49
	0.66
	0.39

	
	11.2
	
	-7.56
	-6.92
	0.287
	0.449
	-7.06
	-6.49
	
	

	
	11.8
	
	-7.5
	-6.9
	0.366
	0.362
	-7.06
	-6.5
	
	

	
	12.4
	
	-7.57
	-6.89
	0.346
	0.357
	-7.06
	-6.5
	
	

	
	13
	
	-7.55
	-6.94
	0.389
	0.353
	-7.06
	-6.51
	
	

	
	13.6
	
	-7.55
	-6.90
	0.400
	0.369
	-7.06
	-6.51
	
	

	
	14.2
	
	-7.48
	-6.83
	0.365
	0.353
	-7.07
	-6.52
	
	

	
	14.8
	
	-7.52
	-6.93
	0.357
	0.304
	-7.07
	-6.52
	
	



[image: losmu][image: lossigma] 
Figure 2-2 Frequency dependency of Mean () and standard deviation () of RMS DS for the LOS case.(拟合)

   [image: nlosmu][image: nlossigma]
Figure 2-3 Frequency dependency of Mean () and standard deviation () of RMS DS for the NLOS case.（拟合）
From Fig. 2-2 and Table 2-3, the general trend in the LOS case is that the mean and standard deviation of the RMS DS show frequency dependency. The largest difference in the fitted mean values between neighboring frequency points is between 13.6 GH and 14.2 GHz with a value of 0.076. The mean of RMS DS is much smaller than the reference value in 3GPP TR38.901. The standard deviation is a constant with increasing frequency in 3GPP TR38.901. Differently from 3GPP TR38.901, we find that the standard deviation has a significant frequency dependency by measurement. 
From Fig. 2-3 and Table 2-3, the mean of RMS DS in the NLOS case is larger than that in the LOS case. Similar to the LOS case, the mean of RMS DS is much smaller than the reference value in 3GPP TR38.901. The largest difference in the fitted mean values between neighboring frequency points is between 14.2 GHz and 14.8 GHz with a value of 0.1. This means that the difference in delay between two neighboring frequency points is greater in the NLOS case than in the LOS case. The standard deviation of DS in the NLOS case is generally smaller than the parameter values in the 3GPP model and tends to decrease with increasing frequency. In LOS and NLOS cases, the trend of the mean is similar to that in 3GPP TR38.901 but the trend of the standard deviation is different from 3GPP TR38.901.
· Conclusion
Channel measurements are carried out in typical frequency bands within the 7-24 GHz range, focusing on a UMa scenario to investigate the frequency dependency of DS. The observations and proposals are:

Observation 1: The trend of fitted Mean (μ) is similar to that in 3GPP TR38.901 but the trend of standard deviation (σ) is different from 3GPP TR38.901 at 7-24 GHz. In particular, the standard deviation is constant with increasing frequency in 3GPP TR 38.901, while the measurements reveal significant frequency dependency. In the LOS case, the standard deviation increases with increasing frequency, whereas in NLOS scenarios, it decreases with increasing frequency in the UMa scenario. We need more measurement data at 7-24 GHz in scenarios, such as UMi, UMa, etc, to support the channel model validation. 
Observation 2: The fitted mean (μ) of RMS DS is much smaller than the reference value in 3GPP TR 38.901 at 7-24 GHz. The reference value specified in 3GPP TR 38.901 is more than twice the measured mean (μ) of RMS DS in the UMa scenario.
Proposal 1: The frequency dependency of channel parameters such as DS, angular spread, Ricean K-factor, cluster DS, ASD, ASA, and ZSA needs to be verified based on measurement.

Furthermore, it is imperative to assess how the frequency dependency of channel parameters affects channel capacity, beamforming techniques, etc. Consequently, updating the unreasonable parameters in 3GPP TR 38.901 to align with the requirements of communication system through more accurate models is warranted.

3. Number/Power of Paths
Channel sparsity as an important characteristic can effectively reduce the system overhead. It is well known that high-frequency channels are sparse [7,8]. The existing models characterize spatial continuity using parametric methods that do not support cluster evolution. Furthermore, the frequency band at which sparsity sets in remains unclear and requires extensive experimental and modeling efforts. This has not been covered before and is a key feature of propagation characteristics helping us to understand the predicted channel rank, in turn determining the number of independent data streams which could be transmitted from a base station to a user equipment.
[image: ]We analyze the channel sparsity using the number of rays and Gini index (A widely used parameter to measure sparsity) based on the measurement in the indoor office, expressed as (1)
(1)   

where  represents the number of rays,  represents the power of the  -th ray.  represents a power vector composed of the power of  rays. The elements in  are arranged in an ascending order, i.e., . The subscripts are after sorting. The Gini index ranges from [0, 1] with no units. The closer the Gini index is to 1, the sparser the channel is.
According to the measurement method introduced in Section 2, we obtained the Gini index in different frequency bands, as shown in Fig 3-1. It is found that the channel is sparse at 7-24 GHz, with sparsity intensifying as frequency increases. Notably, the Gini index reaches its minimum at 11.2 GHz and 11.8 GHz, while it peaks at 14.2 GHz and 14.8 GHz. The proximity of frequency bands leads to a crossover in the Cumulative Distribution Function (CDF) curves, resulting in a smaller discrepancy in the Gini index. The CDF curves are clustered when the Gini index is greater than 0.95, which may be due to the characteristic of the measurement scenario. The number/power of paths in different frequencies need more measured data to distinguish. 
[image: ]
Figure 3-1 CDF of Gini index for the LOS case.
A new intra-cluster power allocation model is proposed to characterize the channel sparsity. The method allocates most of the cluster power to the dominant path in the cluster by introducing a parameter, intra-cluster K-factor, while the remaining paths equally share the remaining power of the cluster, and the channel model is shown in equation (2),

 ,             (2)







where  represents the power of the -th cluster, represents the number of rays per cluster.  is the complex channel coefficient. The coefficient includes the radiation pattern of the antennas, random phases and path loss.  is the Doppler frequency. represents the intra-cluster K-factor of the -th cluster, and represents the power percentage of the dominant path in the cluster, expressed by (3), 

    ,                                                    (3)


where  represents the vector composed of the power of all rays within the -th cluster.
Observation 3: Based on the measurement results of 7-24 GHz, it is found that the channel is sparse, with the sparsity increases with frequency. This indicates that the power ratio of the dominant path increases with the frequency increasing. However, the number of clusters and paths are constants in 3GPP TR 38.901, and the power of paths is equally distributed within the clusters, which cannot characterize the sparsity.

Proposal 2: On the one hand, the number of clusters and paths in 3GPP TR 38.901 should be updated and their frequency dependence should be taken into account. On the other hand, improve the intra-cluster power allocation modeling process and introduce the "Intra-cluster K-factor" in 3GPP TR 38.901. The intra-cluster K-factor is expressed by.

4. Spatial Consistency
The large-scale parameters (LSPs) of different BS-UT links in 3GPP TR 38.901 are uncorrelated [4]. Then, the spatial consistency procedures focus on the consistency of cluster-specific and ray-specific random variables based on the uncorrelated LSPs. Therefore, the spatial consistency modeling between UT and different non-co-located TRPs is not supported. 
Previous study has focused on spatial consistency in terms of coverage of one or multiple eNBs [9], and have observed continuous channel characteristics. To realize non-co-located spatial consistency modeling with minimal modifications of 3GPP TR 38.901, one optional solution is to consider the correlation of LSPs. Then the 38.901 spatial consistency procedures can be reused to the consistency of cluster-specific and ray-specific random variables. The correlation studies of LSPs from the same UT to multiple BSs (inter-site) are summarized in [10], suggesting that LSP correlation is likely to exist in many situations.
Additionally, limited measurements have been conducted to validate the spatial consistency procedures of 3GPP TR 38.901 with a particular focus on the millimeter wave frequency band [11][12]. Therefore, it is necessary to further study the correlation of LSPs and validate the spatial consistency procedures of 3GPP TR 38.901 through channel measurements or simulations.
Proposal 3: The correlation between channel parameters of different UT-TRPs should be considered in spatial consistency modeling between UT and different non-co-located TRPs.
Proposal 4: It is necessary to validate the spatial consistency Procedure A and Procedure B in 3GPP TR 38.901 at 7-24 GHz, or new models may be required.
5. Penetration Properties
· Measurement system setup and scenario
In order to investigate the penetration loss of different materials in the 7-15 GHz band, in-house measurements were carried out at the Beijing University of Posts and Telecommunications (BUPT), as shown in Fig. 5-1. In order to make the antenna illuminate the area as much as possible on the tested material, we used antennas in the 7-10 GHz and 10-15 GHz bands respectively.
[image: D:/研究生/穿透损耗/3GPP/图片/测量场景3.jpg测量场景3][image: D:/研究生/穿透损耗/3GPP/图片/测量场景10.jpg测量场景10]
Figure 5-1 The penetration loss measurement scenario.
The parameter of the material is shown in Table 5-1.
Table 5-1 Measured material parameters
	Material
	Width(cm)
	Height(cm)
	Thickness(cm)

	Wooden board 1 
	130
	130
	0.6

	Wooden board2
	130
	130
	1.0

	Wooden board 3
	130
	130
	1.4



Table 5-2 Antenna parameters
	Parameters
	Value/Type

	Carrier frequency
	7-15 GHz

	TX/RX antenna type
	Horn/Horn

	Antenna height
	0.6 m

	Distance from Antenna to material
	2.4m




· Measurement method and result
We used a vector network analyzer to connect the antennas at both the TX and RX, as shown in Figure5-2. The penetration loss was obtained as the difference between the received power levels of the unobstructed path (LOS) and the received power level with the material obstructing the path between TX and RX (NLOS). Firstly, the received power is measured in the LOS scenario. Then the link was obstructed by each material and the NLOS received power was measured using the same procedure. Each received power level was obtained as the average of 10 samples in the vector network analyzer. 
[image: ]
Figure 5-2Measurement Scenario Schematic


[image: D:/研究生/穿透损耗/3GPP/图片/wood_v4.pngwood_v4]
Figure 5-3 Comparison of wood penetration loss measurements and fitting with 3GPP standard model

According to the model fitted by the test and the 3GPP proposed model comparison it is found that the results of woodern boards’ penetration loss fitting for 6mm, 10mm, 14mm boards are 1.9dB, 1.7dB, 3.2dB at 7GHz and 2dB, 4.1dB, 5dB at 15.5GHz, respectively.Meanwhile, the penetration loss model given by the 3GPP standard is about 5.7dB at 7GHz and 6.7dB at 15.5GHz.Analysis reveals thatthe penetration loss model of 14mm wooden boards is the closest to the existing 3GPP model. Besides, with the increase of the thickness, the penetration loss value of the signal passing through the wooden board increases gradually.
· Conclusion

Observation 4: The results obtained from the measurements are different from the 3GPP standard and need to be verified. Measurements of different thicknesses of wooden boards are compared with the 3GPP model, and they show the same upward trend but the results vary considerably, with a difference of about 2.5-4 dB at 7 GHz and 1.7-4.7 dB at 15 GHz.
Proposal 5: Validation of penetration loss models is required based on measurements.
6. Conclusion:
In this contribution, we provide our views on the validation and the details for Rel-19 channel modeling enhancements for 7-24 GHz. For example: the frequency dependency of channel parameters, channel sparsity, spatial consistency, and material/building penetration loss. Observations and proposals are as follows:
Observation 1: The trend of fitted Mean (μ) is similar to that in 3GPP TR38.901 but the trend of standard deviation (σ) is different from 3GPP TR38.901 at 7-24 GHz. In particular, the standard deviation is constant with increasing frequency in 3GPP TR 38.901, while the measurements reveal significant frequency dependency. In the LOS case, the standard deviation increases with increasing frequency, whereas in NLOS scenarios, it decreases with increasing frequency in the UMa scenario. We need more measurement data at 7-24 GHz in scenarios, such as UMi, UMa, etc, to support the channel model validation.
Observation 2: The fitted mean (μ) of RMS DS is much smaller than the reference value in 3GPP TR 38.901 at 7-24 GHz. The reference value specified in 3GPP TR 38.901 is more than twice the measured mean (μ) of RMS DS in the UMa scenario.
Observation 3: Based on the measurement results of 7-24 GHz, it is found that the channel is sparse, with the sparsity increases with frequency. This indicates that the power ratio of the dominant path increases with the frequency increasing. However, the number of clusters and paths are constants in 3GPP TR 38.901, and the power of paths is equally distributed within the clusters, which cannot characterize the sparsity. 
Observation 4: The results obtained from the measurements are different from the 3GPP standard and need to be verified. Measurements of different thicknesses of wooden boards are compared with the 3GPP model, and they show the same upward trend but the results vary considerably, with a difference of about 2.5-4 dB at 7 GHz and 1.7-4.7 dB at 15 GHz.

Proposal 1: The frequency dependency of channel parameters such as DS, angular spread, Ricean K-factor, cluster DS, ASD, ASA, and ZSA needs to be verified based on measurement.

Proposal 2: On the one hand, the number of clusters and paths in 3GPP TR 38.901 should be updated and their frequency dependence should be taken into account. On the other hand, improve the intra-cluster power allocation modeling process and introduce the "Intra-cluster K-factor" in 3GPP TR 38.901. The intra-cluster K-factor is expressed by.
Proposal 3: The correlation between channel parameters of different UT-TRPs should be considered in spatial consistency modeling between UT and different non-co-located TRPs.
Proposal 4: It is necessary to validate the spatial consistency Procedure A and Procedure B in 3GPP TR 38.901 at 7-24 GHz, or new models may be required.
Proposal 5: Validation of penetration loss models is required based on measurements. 
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