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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#102 meeting, a study item on 7-24 GHz channel model was approved: [1]:
	The objectives of this study are:
· 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.

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

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).


In this contribution, we investigate the measurement campaigns in existing standardizations as well as publications, and introduce our measurement campaigns and corresponding observations. 
2 Investigation on the existing channel measurement campaign 
For the sake of saving unnecessary measurement effort, here we first investigate the existing channel measurement campaigns to make the best of available measurement results. In TR 38.901 [2], the measurement capabilities reported by contributing companies were well summarized. In contribution [3], the 3GPP members’ joint effort towards 5G channel model standardization were introduced. In whitepaper [4], most of the measurement campaigns related to [3] were recorded. 
Based on above investigation, it can be observed that majority of existing channel measurement campaigns mainly focus on sub-6 GHz or above 24 GHz. The remaining channel measurement campaigns targeting at 6‑24 GHz are summarized as below:
· UMa
· Frequency band: 6GHz, 14GHz
· Modeling: DS, ASA, ASD, ZSA, ZSD, cluster parameters
· UMi
· Frequency band: 6GHz, 14GHz, 15GHz, 16GHz
· Modeling: DS, ASA, ASD, ZSA, ZSD
· Indoor
· Frequency band: 6GHz, 14GHz, 15GHz, 20GHz
· Modeling: DS, ASA, ASD, ZSA, ZSD, cluster parameters
· O2I
· Frequency band: 14.8GHz, 20GHz
· Modeling: DS, ASA, ASD, ZSA, cluster parameters
· Channel sounder antenna configuration
· Horn antenna rotation
· Antenna array: 32Tx56R, 4Tx4R
· Other type: sleeve antenna
The summary above shows that only part of the necessary propagation characteristics have been modelled for 6-24 GHz, and the measurement condition cannot fully embody the impact of large antenna array, which is envisioned to be the antenna deployment form for mid-band. 
Observation 1: The existing channel measurement campaigns cannot completely satisfy the requirements of 6-24GHz channel modeling regarding:
· The amount of 6-24 GHz channel measurement data is insufficient
· Only part of 6-24 GHz propagation characteristics have been modelled
· The measurement condition cannot fully satisfy the requirement of the channel modeling for large antenna array.
Given this analysis, further channel measurement campaigns should be conducted to investigate the following aspects of 6-24GHz channel modelling:
· Pathloss, O2I penetration loss, etc.
· The impact of large antenna array on the propagation characteristics (e.g., fast fading parameters) 
Proposal 1: 3GPP members are encouraged to conduct new channel measurement campaigns to investigate the propagation characteristics and validate the channel model for 6-24 GHz.
3 New channel measurement campaigns and observations
[bookmark: _Hlk161329202]Some new channel measurement campaigns have been conducted at 10-10.5GHz to investigate the propagation characteristics under large antenna array in both indoor and outdoor environments. The channel measurements are performed by a frequency-domain vector network analyzer (VNA)-based sounder. At the Tx side, as shown in Figure 1, a 1x32 physical patch antenna linear array is vertically moved with half-wavelength step to form a 32x32 (1024 in total) virtual planar array. At the Rx side, a 1x32 physical patch antenna linear array is adopted. Overall, the channel sounding is executed for 32768 pairs of Tx-Rx antenna element at each measurement point. 
[image: C:\Users\y00649124\AppData\Roaming\eSpace_Desktop\UserData\y00649124\imagefiles\originalImgfiles\511E80CD-9887-490D-BC9A-54ED2A80658C.JPG]
Figure 1 1x32 physical patch antenna linear array
     (b) Outdoor measurement environment 
(a) Indoor measurement environment  
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Figure 2 Measurement environments
Figure 2 shows the Tx-view measurement environments on the campus of Tongji University. The indoor measurements are conducted in a hall, where the Tx is placed on the third floor at a height of 9.5m and the Rx is 1m above the ground. The outdoor measurements are conducted on campus, where the Tx is placed on the fifth floor at a height of 18.4m and the Rx is 1.4 m above the ground. 
After measurement, the delay, angle and amplitude of each multipath component (MPC) are extracted from the measured channel response by high-resolution parameter estimation algorithm. The extracted MPCs are then clustered by the density-based spatial clustering of applications with noise (DBSCAN) algorithm. 
Figure 3 shows the power delay profile (PDP) of the channel between first Rx antenna and all Tx antennas. The clustering results under different scenarios are also embodied in Figure 3, where the markers with same colour belong to same cluster and the size of marker is proportional to the power of corresponding MPC. For the indoor environment, the reflected paths from ground, ceiling, and glass walls contribute strong power. For the indoor NLOS scenario, signals also propagate via diffractions at the corridor. For the outdoor environment, the reflected paths come from the ground and the surface of adjacent buildings. Some diffractions can also be observed for the outdoor NLOS scenario.
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Figure 3: PDP (left) and clustering results (right)
Based on the channel measurement campaigns introduced above, following sparsity characteristic can be observed, which shows the practical number of clusters is much lower than given in TR38.901.
	Source
	Huawei Measurement
	White paper
	3GPP TR38.901

	Scenarios
	10 GHz Indoor
	15GHz Shopping Mall
	InH

	
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS

	Number of clusters
	10
	11
	6.33
	6.98
	15
	19


Observation 2: The sparsity characteristics can be observed through new channel measurement campaigns. The practical number of clusters is much lower than the parameters given in TR 38.901.
More channel measurement campaigns will be conducted in 6-24 GHz bands to enlarge the database, investigate the propagation characteristics and validate the channel model.
4 Conclusions
In this contribution, we investigate the existing measurement campaigns and introduce our measurement campaigns. Following observations and proposals are given:
Observation 1: The existing channel measurement campaigns cannot completely satisfy the requirements of 6-24GHz channel modeling regarding:
· The amount of 6-24 GHz channel measurement data is insufficient
· Only part of 6-24 GHz propagation characteristics have been modelled
· The measurement condition cannot fully satisfy the requirement of the channel modeling for large antenna array.
Observation 2: The sparsity characteristics can be observed through new channel measurement campaigns. The practical number of clusters is much lower than the parameters given in TR 38.901.
Proposal 1: 3GPP members are encouraged to conduct new channel measurement campaigns to investigate the propagation characteristics and validate the channel model for 6-24 GHz.
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