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1. Introduction
It is understood that Rel-19 is considering revisions to channel models in 3GPP TR 38.901 [1]. This report/recommendation has become the “go to” doc for standardised models up from 500 MHz to 100 GHz. The frequency dependence of the small scale fading parameters in [1] for the following parameters was characterised by regression equations:
· Delay Spread
· AOD spread
· AOA spread
· ZOD spread
· ZOA spread
WRC-23 is considering spectrum for IMT-2030 and the candidate bands for consideration are in 7-15 GHz.Additionally, AI 1.2 is about identifying new spectrum, 6425-7125 MHz for Region 1 and 7 025 – 7 125 MHz globally for IMT identification. The spectrum in the “lower ranges” below about 10 GHz are suitable for wide area deployment that will support wide area XR services with mobility along with other services.
Prior to research and development taking place in the abovementioned frequency bands, radio propagation characteristics must be known and well studied. A large number of channel measurements show that the frequency dependence of the channel parameters does not match well with the regression equations in the standards documents. The parameters such as the number of multipath component clusters still use constant values in different frequency bands, which are directly a function of the frequency and environment type In addition, the standard is not capable of characterizing new features of channels, in particular those which are not considered in the propagation models such as the predicted level of sparsity[2]. These factors affect the reference accuracy of the standard.

Based on existing studies, we observe that: Due to lack of field measurement data of 7-24 GHz, there is a need to have a more accurate frequency dependent small scale fading parameters in these lower spectrum ranges. Additionally new features of channel models that need robust characteristics based on measurement are:
· Spatial Consistency [3, 4]
Spatial consistency is important for beam-tracking and modelling of beam-steering in dynamic scenarios. Some teams have found spatial consistency to be frequency-dependent in measurements at different frequencies, as shown in Fig.1 [5]. However, existing models do not support the frequency dependence of characterizing spatial consistency.
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Figure 1 Multi-band azimuth spreads of (a) arrival, and (b) departure [5].

· Sparsity [6, 7]
Channel sparsity as an important characteristic can effectively reduce the system overhead.
It is well known that mm-wave channels are sparse [6,7] and do not support the degrees of freedom that are observed in microwave bands say below 6 GHz. 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 modelling 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.
. We analyse 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.

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.
From Fig. 2(a), the Gini index at 26 GHz is greater than 6 GHz, which means the dominant rays at 26 GHz contains a larger percentage of the power. From Fig. 2(b), the number of rays at 26 GHz is smaller than 6 GHz. These results prove that the channel sparsity at mm-wave is more significant than that at cm-wave [7]. The existing models characterize spatial continuity using parametric methods that do not support cluster evolution.
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(a)                                                                          (b)                         
Figure 2 The CDF of Gini index and the number of rays at cm-wave and mm-wave bands. (a) Gini index. (b) The number of rays [7].
In order to design systems to meet the growth and demand, we propose:
Proposal 1:
3GPPshould focus on the validation of the frequency dependency of the small scale fading parameters, such as delay spread and angle spread. Additionally new features of the channel model (spatial continuity and sparsity) need to be identified based on the measurements.
Proposal 2 :  It is important to determine the onset of sparsity as frequency increases and the level of sparsity by well-known measures such as the Gini index [7].
Proposal 3 : Validate spatial continuity models in [1, 3] and determine new models if necessary
Spatial Consistency models are given in [3] but it is important to determine the frequency dependence.
For mobility simulation enhancement, there are two alternative spatial consistency procedures –Procedure A and Procedure B [1]. Are these still appropriate models?
Procedure A: At , update channel cluster power/delay/angles based on UT channel cluster power/delay/angles, moving speed moving direction and UT position at .

Procedure B: To ensure that the spatial or temporal evolution of delays and angles is within reasonable limits, the delay, angle, and power steps for generating clusters are re-updated.
However, the existing models do not yet support characterizing the effect of frequency on spatial consistency, which reduces the accuracy of the models.
2. Review of existing measurements

[bookmark: _Hlk150255566]This section presents the existing measurements in UMi, Indoor-Office, and Indoor-Factory scenarios in the concerned frequency bands, i.e., 7-24 GHz. The basic measurement settings are illustrated in the Table 1.  We note that for a comparison purpose, each measurement environment must be measured with the same channel sounding equipment to the extent possible and this may not be the case for the measurements below
Besides, some analysis of channel characteristics in these three scenarios are presented as follows. 
Table 1 Measurement setting.
	Scenario
	Antenna setting
	Frequency
(GHz)
	Bandwidth (MHz)

	UMi
(LOS/NLOS)
	SISO
	3.3, 5.9, 6.5, 7.5, 15
	200

	Indoor-Office
(LOS) [5]
	MIMO
	6, 26
	200

	Indoor Factory (LOS)
	SISO
	5.9, 6.7, 7, 8, 11, 14, 16, 17
	200



2.1 UMi 
· Measurement system setup
In the UMi scenario, we conducted channel measurement campaigns at 3.3, 5.9, 6.5, 7.5, and 15 GHz using the channel sounder mentioned above [8], and then used the captured channel data to study the delay spread. The detailed measurement  settings are shown in Table 2.
Table 2 Measurement settings in the UMi scenario
	Parameters
	Value/Type

	Carrier Frequency
	3.3, 5.9, 6.5, 7.5, and 15 GHz

	RF Bandwidth
	200 MHz

	Antenna Type
	TX: Horn antenna
RX: Omnidirectional antenna

	Antenna Height
	TX: 12.5 m, RX: 1.5 m



· Measurement scenario
In the UMi scenario, we captured channel data and performed statistical analysis of delay spread at 3.3, 5.9, 6.5, 7.5, and 15 GHz, respectively. The measurement scenario is illustrated in Fig. 3. 
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Figure 3 The measured UMi scenario.
· Measurement campaign results
We compare the statistical results with those in the 3GPP channel model, as shown in Table 3.
Table 3 The delay spread results of measurement and 3GPP model in the UMi scenario.
	Scenarios
	Frequency
(GHz)
	Bandwidth
(MHz)
	Delay Spread
log10(DS/1s)
	3GPP
log10(DS/1s)

	
	
	
	
	
	
	

	
	
	
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS

	UMi
	3.3
	200
	-7.31
	-6.89
	0.19
	0.16
	-7.29
	-6.98
	0.38
	0.38

	
	5.9
	
	-7.38
	-7.01
	0.31
	0.15
	-7.34
	-7.03
	
	0.41

	
	6.5
	
	-7.42
	-7.07
	0.26
	0.14
	-7.35
	-7.04
	
	0.42

	
	7.5
	
	-7.51
	-7.20
	0.27
	0.24
	-7.36
	-7.05
	
	0.43

	
	15
	
	-7.65
	-7.43
	0.21
	0.22
	-7.43
	-7.12
	
	0.47
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Figure 4 Delay spread results along the measured frequency in the UMi scenario.
· Conclusion
From the Fig. 4, it is found that the decreasing trend of delay spread is similar to the 3GPP model when the frequency is less than 6 GHz. However, as the frequency continues to increase, the delay spread plummets. In the LOS scenario, the measured delay spread differs from the model by only 2.31 ns at 3.5 GHz. But the difference is 14.76 ns at 15 GHz, which is a 6-times increase.  In the NLOS scenario, the measured result is 24.11 ns larger than those of the 3GPP model. However, the measured delay spread is 38.71 ns smaller than that of the model at 15 GHz. 
Observation 1：
Based on the field measurements of UMi, the mean value of delay spread is not simply linear decrease according to the carrier frequency.
2.2 Indoor-Factory 
· Measurement system setup
In the Indoor-Factory scenario, we captured channel data and performed statistical analysis of delay spread at 6.7, 7, 8, 11, 14, 16, and 17 GHz, respectively. We used a vector signal generator (R&S@SMW200A) to generate a pseudonoise (PN) sequence with a central frequency of 28 GHz and a bandwidth of 2.4 GHz [9]. And we applied a spectrum analyzer (R&S@FSW43) to record the received I/Q data for further channel parameter extraction. To obtain enough system gain, we employed a power amplifier at the transmitter side and a low noise amplifier at the receiver side. The transmitting power is -25 dBm. The measurement settings are shown in Table 4.
Table 4 Measurement settings in the Indoor-factory scenario
	Parameters
	Value/Type

	Carrier Frequency
	6.7, 7, 8, 11, 14, 16, and 17 GHz

	RF Bandwidth
	200 MHz

	Antenna Type TX/RX
	Biconical/Biconical



· Measurement scenario
The channel measurements were conducted in a factory-like scenario, the fiber optic cable laboratory of the Beijing University of Posts and Telecommunications, where the main objects are metal instruments as shown in Fig. 5. The dimension of the factory is 33.3 m  7.7 m  3 m. There are 38 objects in the room, whose average height is 1.27 m. The interval between two adjacent measurement points is 0.45 m. A total of 57 points are measured.
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Figure 5 The measured Indoor-Factory scenario.
· Measurement campaign results
We compare the statistical results with those in the 3GPP channel model, as shown in Table 5.
Table 5 The delay spread results of measurement and 3GPP model in the Indoor-Factory scenario.
	Scenarios
	Frequency
(GHz)
	Delay Spread
log10(DS/1s)
	3GPP

	
	
	 
	
	 
	

	
	
	LOS
	LOS
	LOS
	LOS

	Indoor-Factory
	6.7
	-7.682
	0.134
	-7.74
	0.15

	
	7
	-7.683
	0.152
	
	

	
	8
	-7.685
	0.141
	
	

	
	11
	-7.692
	0.181
	
	

	
	14
	-7.697
	0.159
	
	

	
	16
	-7.699
	0.164
	
	

	
	17
	-7.700
	0.178
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Figure 6 Delay spread results along the measured frequency in the Indoor-factory scenario.
· Conclusion
From the Fig.6, it is found that the delay spread decreases with increasing frequency. The value of delay spread at 6.7 GHz is 20.8 ns. As the frequency increases, the delay spread decreases gradually. At 17 GHz, the delay spread is 19.95 ns. In addition, the measured results are generally greater than those in the standard.
Observation 2:
Based on the field measurements of Indoor-Factory, the delay spread is not only related to the plant volume and surface area, but also to the frequency.
2.3 Indoor-Office
· Measurement system setup
In the Indoor-Office scenario, we conducted channel measurement campaigns at 6 and 26 GHz using the channel sounder mentioned above [7], and then used the captured channel data to study the delay spread. The measurement settings are shown in Table 6.
Table 6 The measurement settings in the indoor-office scenario
	Parameters
	Value/Type

	Carrier Frequency
	6 GHz
	26 GHz

	RF Bandwidth
	400 MHz

	Antenna Type
	TX: Omnidirectional antenna,
RX: Horn antenna

	Antenna Height
	TX: 1.8 m, RX: 1.4 m

	3 dB Bandwidth in Azimuth
	17 deg
	10 deg

	3 dB Bandwidth in Elevation
	15.5 deg
	8 deg

	Azimuth rotation range at RX
	[0º, 360º)

	Elevation rotation range at RX
	[-20º, 20º]



· Measurement scenario
The measurement scenario is illustrated in Fig. 7. The measurement scenario is a typical indoor office scenario with an area of 84 square meters. The red star represents the location of TX and the yellow circulars represent the location of RX in LOS cases. A wall with a length of 2.5 m is in the middle of the office. These positions have complete angular information by the antenna rotation.
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Figure 7 The measured Indoor-Office scenario.
· Measurement campaign results
Delay spread: We compare the statistical results with those in the 3GPP channel model, as shown in Table 7. 
Table 7 The delay spread of measurement and 3GPP model in the Indoor-Office scenario.
	Scenarios
	Frequency
(GHz)
	Delay Spread
log10(DS/1s)
	3GPP

	
	
	
	
	
	

	
	
	LOS
	LOS
	LOS
	LOS

	Indoor-Office
	6
	-7.31
(48.98 ns)
	0.12
	-7.7
(19.95 ns)
	0.18

	
	26
	-7.76
(17.38 ns)
	0.47
	-7.71
(19.5 ns)
	0.18



· Conclusion
The mean value of the delay spread at 26 GHz differs from that at 6 GHz by 0.45. However, in the 3GPP channel model, the mean value of the delay spread in the two bands differs by only 0.01. 
Observation 3:
Based on indoor office measurements, the delay spread varies significantly from 6 GHz to 26 GHz, but the delay spreads are similar for both bands in the model.


3. Conclusion
In this contribution, we provide our views and observations based on the previous field measurements in 7-24GHz. Some discrepancies are observed between the measurement results and the TR 38.901. New measurements are proposed fro Uma, Umi, InH to characterise the frequency dependence of delay spread and angle spread. Additionally new properties such as Spatial continuity and sparsity need to be characterised.  The planned measurement equipment to be used in the measurements is described in Appendix. The observations and proposals are as follows. 
Observation 1: 
Based on the field measurements of UMi, the mean value of delay spread is not simply linear decrease according to the carrier frequency.
Observation 2:
Based on the field measurements of Indoor-Factory, the delay spread is not only related to the plant volume and surface area, but also to the frequency.
Observation 3:
Based on indoor office measurements, the delay spread varies significantly from 6 GHz to 26 GHz, but the delay spreads are similar for both bands in the model [7].

Proposal 1:
3GPPshould focus on the validation of the frequency dependency of the small scale fading parameters, such as delay spread and angle spread. Additionally new features of the channel model (spatial continuity and sparsity) need to be identified based on the measurements [5, 7].
Proposal 2 :
It is important to determine the onset of sparsity as frequency increases and the level of sparsity by well-known measures such as the Gini index. Additionally, the effect of spatial consistency is to be determined as the frequency increases.
Proposal 3 : 
Validate spatial continuity models in [1, 3].
The proposed channel characterization provides a more accurate model compared to the traditional channel model. The accurate channel model helps to design communication systems in future hotspot scenarios.
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5. Appendix
To explore the channel characteristic parameters of 7-24 GHz spectrum with large/small scale fading and different scenarios (UMa/UMi/O2I/Indoor), Table 8 gives the platform performance parameters and measurement plan. It is worth noting that SISO measurement can mainly obtain large-scale channel characteristic parameters, and virtual MIMO (with a rotated horn antenna) and real MIMO (with antenna arrays) measurements can get small-scale channel characteristics, such as angular spreads. 

Table 8 Measurement settings and future measurement plan
	Parameters
	Value

	Vector Signal Generator
	Frequency range: 100 KHz to 40 GHz 
	Maximum bandwidth: 2 GHz
Maximum output power: 20 dBm

	Spectrum Analyzer
	  Frequency range: 2 Hz to 43.5 GHz
	Maximum bandwidth: 2 GHz
Maximum input power: 30 dBm

	High Power Amplifier
	Frequency range: 5.9 to 18 GHz
Gain: 35 dB typ.

	Low Noise Amplifier
	Frequency range: 0.5 to 40 GHz
Gain: > 30 dB

	Tx /Rx Antenna
	3 to 40 GHz

	Scenario
	UMa、UMi、Indoor (including office, classroom)、O2I

	Measurement method
	SISO
	Virtual MIMO,
	Real MIMO

	Frequency [GHz]
	6、6.5 、7、8、9、10.2、11.2、11.8、12.4、13、13.6、14.2、14.8、16、17、18、19、20、21、22
	6 
	13

	Antenna Type
	TX: Omnidirectional 
RX: Horn 
	Tx: 32
Rx: 56
	Tx: 128
Rx: 64

	Max bandwidth [MHz]
	600
	300
	400

	3 dB Bandwidth in Azimuth 
	Rx : 22° (22 GHz)
	Tx: 90°
Rx: 95°
	Tx: 100°
Rx: 70°

	3 dB Bandwidth in Elevation
	Rx: 18°  (22 GHz)
	Tx: 90°
Rx: 95°
	Tx: 100°
Rx: 90°

	Number of Measurement Points in Each Scenario
	Over 200

	Channel characteristics
	Path loss; Shadow fading; Delay spread; Ricean K-factor; Azimuth spread of arrival; Azimuth spread of departure; Elevation spread of Arrival; Elevation spread of departure; Spatial consistency; Sparsity
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