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1. [bookmark: _heading=h.gjdgxs]Introduction
In Meeting#116b, a summary on channel modelling validation for 7-24 GHz was approved [1]:
	Proposal #3-1A
The following table provides list of modeling parameters for 7 – 24 GHz frequencies that could be further studied for validation. The parameters listed are starting point for further discussions and does not imply the parameters require validation nor imply parameters require updates for 7 – 24 GHz frequencies.
•	O-to-I penetration loss
•	Number of clusters
•	Number of rays per cluster
•	Spatial consistency model A/B
•	(etc.)

Proposal #3-2B
RAN1 to further discuss as necessary the following potential modeling parameters/aspects for 7 – 24 GHz frequencies that are currently not available in TR38.901:
•	Intra-cluster K factor
•	Random power variability in each polarization
•	Addition of SMa deployment scenario




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 and the number/power of paths 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 modeling of Intra-cluster K factor and the criteria for modifying parameters in TR38.901.

2. The Criteria for Modifying Parameters in TR38.901
The large-scale and small-scale fading parameters exhibit frequency dependence, such as DS, ASA, Cluster number, etc. Although the existing TR38.901 provides reference values for the range of 0.5-100 GHz, many of these parameters do not consider the frequency dependence or there is a gap between reference values and the measured data. Particularly at 7-24 GHz, many teams have observed discrepancies between measured data and the reference values mentioned in TR38.901 [5][8]. However, the reference values in the standard are crucial for system design and evaluation. Modifying them could lead to increased workload and higher overhead. Therefore, the decision to modify these parameters should be guided by specific criteria, including their impact on parameters such as SINR, channel capacity, spectral efficiency, etc. We will then further verify the impact of these parameters on systems based on the measured data.
Proposal 1: A criterion needs to be defined to determine if the parameters of the large-scale parameter table (Table 7.5-6) in TR38.901 need to be modified. The criteria include the effect of parameter changes on SINR, channel capacity, spectral efficiency, etc.
3. Intra-cluster K factor
Channel measurement system setup and scenario
[bookmark: _Hlk156406439]As Rel-19 considers the existing scenario, we carried out the channel measurement work in outdoor urban macro-cell (UMa) scenario. In the 7-24 GHz frequency band, 13 GHz is selected as the typical frequency point. The uniform planar array (UPA) array (128 array elements) is placed on the transmitting (TX) end. The omni-directional array (ODA) with 64 array elements is placed on the receiving (RX) end. At the Tx side, the vector signal generator (R&S SMW 200A) is used to generate a Pseudo Noise (PN) sequence with a central frequency of 13 GHz and a bandwidth of 400 MHz. The spectrum analyzer (R&S FSW 43) is utilized to demodulate the ODA antenna array at the Rx side. The channel sounder configuration is illustrated in Fig. 2-1 and Table. 2-1.
[image: C:\Users\mm\Desktop\屏幕截图 2024-04-02 154033.png]
Fig. 2-1. The channel measurement platform. 

Table. 2-1 Channel measurement configuration
	Parameters
	Value/Type

	Scenario
	UMa

	Carrier frequency
	13 GHz

	Chip length
	511

	Symbol rate
	200 Msym/s

	Bandwidth
	400 MHz

	Tx
	UPA

	Rx 
	ODA

	Tx antenna element gain
	4.5 dBi

	Rx antenna element gain
	5.0 dBi

	Tx antenna height in UMa scenario
	27.5 m 

	Rx antenna height in UMa scenario
	1.8 m

	Polarization
	



The transmitting end is placed on the roof of the teaching experiment complex building on the Shahe Campus of Beijing University of Posts and Telecommunications, with a height of 27.5 m (higher than the roof). The receiving end is placed on the ground and the measurement is moved along the routes shown in Fig. 3. The interval distance between adjacent Rx points is 20 m. Route 1, 2, 2 ' and 3' are LOS environments. 
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	(a) 
	(b)


Fig. 2-2. The channel measurement campaign in the UMa scenario (a) measurement routes (b) measurement environments.

Results analysis
To model the intra-cluster power allocation, the measurement results are clustered and the power distribution within the cluster is observed under the real channel. The following is an example of the Route 2. Fig. 2-3 presents the 1st and 4th intra-cluster power distribution for a snapshot. 
[image: ]
Fig. 2-3 The power distribution within the 1st and 4th cluster in Route2.
Even though the power of the two clusters differs greatly, the results indicate there is a dominant ray within each cluster. That is, a dominant ray within the cluster contains most of the power. The 1st cluster contains LOS path, so the largest path has 10 times the power of the remaining trails. The 4th cluster has the dominant path from reflection, which has about 3 times the power of the remaining paths. Additionally, except for the dominant path, the power of the remaining paths is similar. Therefore, a new parameter, the intra-cluster K-factor (ICK), is introduced to model the power distribution within the cluster, expressed as

                                                                         ,                                                        (1)


where  represents the vector composed of the power of all rays within the -th cluster. Based on the framework of the 3GPP channel model, the power of clusters in this method is not changed, but only the power distribution within the cluster is modified. 
The introduction of ICK in the modeling procedure of TR38.901 can more accurately characterize the power distribution of the rays per cluster and thus better characterize the channel sparsity. When there are few scatterers in the environment and the channel is sparse, the ICK will be larger. This relationship will be further verified later based on the measured data. In previous experiments, ICK exhibited frequency dependence. That is, the ICK increased with increasing frequency, as illustrated in Fig. 2-4.
[image: ]
Fig. 2-4 The CDF of ICK at cmWave (6 GHz), mmWave (26 GHz), and sub-THz (105 GHz).
A new intra-cluster power allocation model is proposed to characterize the channel sparsity with ICK. The method allocates most of the cluster power to the dominant path in the cluster by ICK, 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.
We generate the power of the clusters based on the TR38.901 modeling process using the measured delay spread. The rays within the clusters in TR38.901 divide the power of the clusters equally, as illustrated in Fig. 2-5 (a). The 4th cluster is chosen as an example, which has a power of 0.0028. Then, the cluster with similar power (0.0031) are selected for comparison among the clusters generated by TR38.901. Finally, the ICK obtained from the measurements is introduced and the new power distributions are compared, as illustrated in Fig. 2-5. The modified 3GPP channel model with the proposed intra-cluster power allocation model is closer to the measurements, which is verified by simulation experiments, as illustrated in Fig. 2-5.
[image: ]
(a)                                                   (b)                                                    (c)
Fig. 2-5 The power distribution within the cluster generated by the 3GPP channel model, by measured channels, and by the 3GPP model with proposed intra-cluster power allocation model (modified model).
The results indicate there are only 6 rays in a cluster through measurement, less than 20 specified in TR38.901. Compared to the original TR38.901 modeling method, the power distribution of rays within a cluster demonstrated by the model with the ICK modification is more consistent with the measurement results. The power of the dominant ray in the modified model (0.0012) is also closer to the measurements (0.0011).

Conclusion
Proposal 2: The intra-cluster K factor will be modelled based on the measured results and its frequency-dependent properties should be investigated. It is recommended that intra-cluster K factor could be considered in TR38.901 to make modeling results more accurate.
Proposal 3: The number of clusters and paths in 3GPP TR 38.901 should be updated and their frequency dependence should be taken into account.

4. Conclusion:
[bookmark: _Hlk165987668]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 modeling of Intra-cluster K factor and the criteria for modifying parameters in TR38.901. Proposals are as follows:
[bookmark: _Hlk165987773]Proposal 1: A criterion needs to be defined to determine if the parameters of the large-scale parameter table (Table 7.5-6) in TR38.901 need to be modified. The criteria include the effect of parameter changes on SINR, channel capacity, spectral efficiency, etc.
Proposal 2: The intra-cluster K factor will be modelled based on the measured results and its frequency-dependent properties should be investigated. It is recommended that intra-cluster K factor could be considered in TR38.901 to make modeling results more accurate.
Proposal 3: The number of clusters and paths in 3GPP TR 38.901 should be updated and their frequency dependence should be taken into account.
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