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In the RAN1#84 meeting, it was proposed jointly by 15 companies in [1] that the channel model achieved in this SI should be consistent in frequency. In the previous 3GPP 3D channel model in [1], the sub-6GHz channel characteristic parameters are frequency independent. In Table 1, part of the parameters is listed as an example. However, considering the millimeter wave characteristic, the higher frequency channel is more sensitive to the frequency varying and quite different with sub-6GHz channel [2]. Then it is necessary to investigate the validity and applicability of current 3GPP model to support a frequency range up to 100GHz. 
Table 1 part of the 3GPP channel parameters [2]
	Scenarios
	3D-UMi
	3D-UMa

	
	LOS
	NLOS
	O-to-I
	LOS
	NLOS
	O-to-I

	Delay spread (DS)
log10([s])
	DS
	-7.19
	-6.89
	-6.62
	-7.03
	-6.44
	-6.62

	
	DS
	0.40
	0.54
	0.32
	0.66
	0.39
	0.32

	AoA spread (σASA) log10([])
	ASA
	1.75
	1.84
	1.76
	1.81
	1.87
	1.76

	
	ASA
	0.19
	0.15
	0.16
	0.20
	0.11
	0.16

	ZoA spread (σZSA) log10([])2)
	ZSA
	0.60
	0.88
	1.01
	0.95
	1.26
	1.01

	
	ZSA
	0.16
	0.16
	0.43
	0.16
	0.16
	0.43


In this contribution, based on the indoor measurement and simulation, a comprehensive frequency dependent channel characteristic has been investigated for above 6GHz frequency bands.
[bookmark: _Ref129681832]Measurements and simulations for multiple frequencies
 Measurements at Indoor Scenario  
A multi-band ultra wideband channel sounder system is designed for wide spectrum channel measurements, which is demonstrated in Figure 1. The sounder system is based on a vector network analyzer (VNA), which provides an intermediate frequency (IF) signal and also samples the received IF signal from down converter.

Figure 1. Channel sounder system 
As shown in Figure 2, several Rx positions around the open office area are set. In the measurement, the receiver rotates 360 degree to receive the testing signal while the transmitter antenna is fixed.

Figure 2. Vertical view of indoor office  
Five frequencies and two cases (i.e., LOS and NLOS) are considered in our measurements, and the results of DS, ASA, ZSA are presented in Table 2 respectively. 
Table 2. Channel parameter measurement result
	parameters
	scenario
	frequencies

	
	
	8 GHz
	15 GHz 
	28 GHz 
	60 GHz
	73 GHz 

	DS[ns]
	LOS
	11.47
	11.7
	11.62
	9.11
	12.47

	
	NLOS
	31.28
	N/A
	24.87
	N/A
	25.83

	ASA[deg]
	LOS
	54.93
	39.8
	42.15
	33.04
	38.15

	
	NLOS
	65.88
	N/A
	57.77
	N/A
	51.73

	ZSA[deg]
	LOS
	6.75
	N/A
	5.17
	4.62
	5.41

	
	NLOS
	6.90
	N/A
	6.09
	N/A
	5.17



 Simulation at Indoor Scenario 
Ray tracing approach is considered to simulate the realistic spatial channel characteristic. A virtual office environment with respect to the measurement scenarios is set up, as shown in Figure 3. 

Figure 3. The simulation environment for Ray Tracing
The ray tracing simulation results are listed below:
Table 3. Ray tracing simulation results
	parameter
	scenario
	frequency

	DS[ns]
	LOS
	11.45

	
	NLOS
	38.36

	ASA[deg]
	LOS
	53.21

	
	NLOS
	58.98

	ZSA[deg]
	LOS
	8.07

	
	NLOS
	5.79



Frequency dependency and performance
DS vs. Frequency
In indoor LOS scenario, the delay spread obeys very slight linear decrease as frequency increases in logarithm domain. The DS frequency dependency formula can be expressed as:
                                     
                                  


                                                    (1)

In indoor NLOS scenario, the delay spread obeys the linear decrease as the frequency increases in logarithm domain. The DS frequency dependency formula can be expressed as:

      

                                        (2)
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Figure 4. The delay spread frequency dependency characteristic
ASA vs. Frequency
The weak frequency dependency can be observed of ASA both in the LOS and NLOS open office scenarios. The ASA frequency dependency formula as follow is given by:
                                             

                                   (3)
                                          

                                    (4)
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Figure 5. The AoA spread frequency dependency characteristic
ZSA vs. Frequency
The very weak frequency dependency can be observed of ZSA both in the LOS and NLOS in the open office scenarios. The ZSA frequency dependency formula can be expressed as:

                                               (5)

                                               (6)
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Figure 6. The ZoA spread frequency dependency characteristic
Observation 1: frequency dependency on DS, ASA and ZSA can be observed for frequency range up to 100 GHz.
Proposal 1: frequency dependency on LSP should be modeled to get an accurate model on frequency range up to 100 GHz.
Frequency dependency characteristic
Based on the analysis in Section 3.1, 3.2, and 3.3, the frequency dependent channel characteristics are listed in Table 4 as follows:
Table 4. Frequency Dependent Channel Characteristic
	scenario
	Indoor office

	
	LOS
	NLOS

	DS
[ns]
	


	



	ASA
[deg]
	


	



	ZSA
[deg]
	


	





Proposal 2: The frequency dependency characteristic at high frequency proposed in the table 4 can be used as baseline for further investigation.
Conclusions
In this contribution, based on the indoor measurement and simulation, a comprehensive frequency dependent channel characteristic has been investigated for above 6 GHz frequency bands. Based on the results, an observation is given, 
Observation 1: frequency dependency on DS, ASA and ZSA can be observed for frequency range up to 100 GHz.
And the following proposals are proposed:
Proposal 1: frequency dependency on LSP should be modeled to get an accurate model on frequency range up to 100 GHz.
Proposal 2: The frequency dependency characteristic at high frequency proposed in the table 4 can be used as baseline for further investigation.
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model LOS:-14.32*log10(1+f)+62.05
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