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Introduction
In order to get a deep understanding of propagations of radio waves in higher frequency bands above 6GHz, in this contribution, we present channel measurement results which is carried out in indoor open office environment at 26GHz frequency band with 1GHz bandwidth. The measurement results are analyzed and summarized to obtain a set of large scale and small scale channel parameters. These measurement results can be considered as basis for building channel model above 6GHz. 
Channel measurement and modeling
Measurement environment
The measurement campaigns including line-of-sight(LOS), non-line-of-sight (NLOS) in open office environment and also in corridor scenario were carried out, which represents a typical indoor scenario for higher frequency band above 6GHz. Figure 1(a) shows the open office environment. Figures 1 (b) - (d) show the office LOS, office NLOS and corridor NLOS environment respectively.
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Figure 1 Measurement environments
Figures 2(a)-(b) show the floor plan of the measurement environments. For LOS measurement, a total of one Tx and thirty-nine Rx locations were selected，which is shown in Figure 2. From the location number 36 to number 39, the RXs are considered closer the TX antenna. Figure 3 and 4 are NLOS scenarios in open office and corridor measurements respectively. 
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[bookmark: _Ref441502097] Figure 2 The office LOS measurement layout 
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[bookmark: _Ref441480646]Figure 3  The office NLOS measurement layout[image: ]
[bookmark: _Ref441480734]Figure 4 The corridor NLOS measurement layout 

Measurement parameters
The measurements were performed using time domain channel detector system, and the sounding system parameters are shown in Table 1.
Table 1 Measurement parameters
	 Parameter  
	Value

	Center frequency
	26 GHz

	Bandwidth
	1 GHz

	Delay range
	1.024us

	Time domain resolution
	1 ns

	Transmit power
	24dBm

	LNA amplification
	34dB

	Receiver horn antenna gain
	24.5dBi

	Transmitter bi-conical antenna gain
	3dBi



Channel parameters
Large scale parameter
Path loss is an important parameter. The model used in this proposal is expressed as follows: 

	

The reference distance  is 1m.
Figure 5 shows the fixed intercept path loss obtained in the open office LOS environment. The corresponding shadow fading (SF) is shown in figure 6.
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[bookmark: _Ref441482590]Figure 5 Directional path-loss model in LOS environment
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[bookmark: _Ref441482705]Figure 6 Shadow fading in the LOS environment
Figure 7 shows the fixed intercept path loss obtained in the open office NLOS environment. The corresponding shadow fading (SF) is shown in figure 8.
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[bookmark: _Ref441499552]Figure 7 Directional path-loss model in office  NLOS environment
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[bookmark: _Ref441499611]Figure 8 Shadow fading in the office  NLOS environment
Figure 9 shows the fixed intercept path loss obtained in the corridor NLOS environment. The corresponding shadow fading (SF) is shown in figure 10.
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[bookmark: _Ref441483465]Figure 9 Directional path-loss models in corridor NLOS environment
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[bookmark: _Ref441483476]  Figure 10 Shadow fading in the corridor NLOS environment
Small scale parameter
（1） K-factor
Figure 11 shows the K-factor in open office LOS environment, the mean value is 15.79dB.
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[bookmark: _Ref441483692]Figure 11  The CDF plot of K-factor in LOS scenario
（2） Delay spread



RMS delay spread can be estimated by the power delay profile (PDP). Figure 12 is the CDF plot of RMS delay spread in the office LOS environment. Figure 13 is the delay proportion factor, and it is defined by , which is a parameter to describe the exponential decline of power delay spread. Among them, indicates the standard variance of multipath delay and  indicates the RMS delay spread. Figure 14 and 15 are the CDF plots of RMS delay spread and proportion factors in the office NLOS environment. The results in the corridor NLOS environment are shown in figure 16 and 17.
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[bookmark: _Ref441499739]Figure 12 CDF of RMS delay spread in office LOS environment
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[bookmark: _Ref441499753]Figure 13  CDF of delay proportion factor in office NLOS environment
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[bookmark: _Ref441499841]Figure 14 CDF of RMS delay spread in office NLOS environment
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[bookmark: _Ref441499848]Figure 15 CDF  of delay proportion factor in office NLOS environment
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[bookmark: _Ref441499974]Figure 16 CDF of RMS delay spread in corridor NLOS environment
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[bookmark: _Ref441499982]Figure 17 CDF  of delay proportion factor in corridor NLOS environment  
（3） Angular spread
Figures 18 - 20 show the CDF plots of angular spread of azimuth and elevation in three environments respectively.
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a) azimuth                                                                    b)  elevation
[bookmark: _Ref441497460]Figure 18 Angular spread in office LOS environment
[image: ] [image: ]
a) azimuth                                                                    b)  elevation
Figure 19 Angular spread in office NLOS environment
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a) azimuth                                                                    b)  elevation
Figure 20 Angular spread in corridor NLOS environment

（4） Distribution of the number of clusters
The number of clusters is extracted from PDP. Figure 21 shows the distribution of cluster numbers in three environments.
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a) office LOS                                                                    b)  office NLOS
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c) corridor NLOS
[bookmark: _Ref441497725]Figure 21 The distribution of cluster numbers in three environments
Channel parameter correlation summary
This section mainly summarizes the channel parameters and the correlation parameters in three environments. 
[bookmark: _Ref441497942]Table 2 Summary of channel parameters 
	Scenarios
	LOS
	Office NLOS
	Corridor NLOS

	

	

	21.24
	31.89
	37.27

	

	

	1.37
	1.39
	0.96

	
	

	0.32
	0.27
	0.27

	


	

	1.60
	1.61
	1.39

	
	

	0.20
	0.12
	0.22

	


	
	0.90
	0.83
	0.91

	
	

	0.14
	0.20
	0.16

	SF(dB)
	

	6.35
	4.87
	6.47

	KF(dB)
	

	15.79
	N/A
	N/A

	
	

	10.43
	N/A
	N/A



Table 3 Summary of channel  correlation  parameters
	Scenarios
	LOS
	Office NLOS
	Corridor NLOS

	




Cross-Correlations

	ASA[°] vs SF[dB]
	-0.64
	-0.43
	-0.69

	
	ASA[°] vs K[dB]
	0.21
	N/A
	N/A

	
	ASA[°] vs Cluster number
	-0.03
	0.11
	0.61

	
	ASA[°] vs ESA[°]
	0.44
	0.64
	-0.61

	
	ASA[°] vs DS[ns]
	-0.18
	0.19
	0.00

	
	SF[dB] vs K[dB]
	-0.78
	N/A
	N/A

	
	SF[dB] vs Cluster number
	-0.42
	-0.59
	-0.63

	
	SF[dB] vs DS[ns]
	0.15
	-0.52
	-0.64

	
	K[dB] vs Cluster number
	0.73
	N/A
	N/A

	
	K[dB] vs DS[ns]
	0.10
	N/A
	N/A

	
	Cluster number vs DS[ns]
	0.63
	0.44
	0.43

	AOA distribution
	Wrapped Gaussian

	Number of clusters(mean)
	11.05
	11.39
	4.32



Conclusion
In this contribution, we presented indoor open office channel model and parameters based on measurements at 26GHz with 1GHz bandwidth. The results obtained can be used for higher frequency band channel modeling.
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