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1. Introduction
Wireless communication networks are faced with new shortcomings in terms of bandwidth as internet usage is proliferating. To utilize bands in high frequency, it’s essential to develop channel models above 6GHz firstly. Field measurements have provided critical channel information for proper channel modelling with sufficient accuracy [1]. 
In this contribution, we provide our measurement results and observations on cluster based small and large scale fading parameters for high frequency bands for indoor office scenario. 
2. Measurement System and Scenarios
2.1 Measurement System
In this contribution, PNA network Analyser was employed for channel measurement campaign. The centre frequency is at 28GHz with 2GHz bandwidth. Standard horn antennas are used at both transmitter and receiver. The antenna gain is 19dBi at 28GHz. The half power beam width (HPBW) of the horn antenna pattern is 20 degree at both elevation and horizontal planes. The SAGE algorithm was used to extract detailed channel parameters, such like delay spread (DS), angle spread (AS), etc.
2.2 Measurement Scenarios
Totally five indoor scenarios are chosen in this measurement campaign [1]. The height of transmitter and receiver is fixed to 1.48 meter. Detailed scenario descriptions and route planning between each pair of transmitter and receiver can be found in [2].
3. Large Scale parameters
The channel parameters are extracted from the CIR data with SAGE algorithm. The SAGE algorithm has become one of the most used channel estimation algorithms due to the advantages of higher accuracy, availability for the estimation of parameters and applicability for almost every type of antenna array. The parameter set in our measurement includes DS, angle of departure (AOD), and angle of arrival (AOA). All detected paths by SAGE post-processing are clustered according to pre-defined clustering conditions, such as the power, delay and angle. One cluster can be generalized as one resolvable path in a statistical model. 
3.1 DS Measurement
One of the key parameters for channel modelling of high frequency bands is delay spread in LOS and NLOS. The probability distribution function (PDF) of RMS DS is shown in Figure 1 and the cumulative distribution function (CDF) of RMS DS is shown in Figure 2.
3.1.1 Formula
The mean DS is given by: 

                                                                    
The RMS DS is given by: 

                            


[bookmark: MTBlankEqn]Where L is the subpath number, and  is the ith path time delay with linear  power.
3.1.2 Measurement Results
Following figures show DS of all measurement results with the fitting of lognormal distribution. 
[image: ] [image: ]
Figure 1 PDF of RMS DS (LOS at left and NLOS at right)
[image: ] 
Figure 2 CDF of RMS DS
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Observation 1: The RMS DS in LOS is smaller than that in NLOS in indoor scenario. The RMS DS is around 4ns with over 90% probability in LoS whilst RMS DS is around 8ns with over 90% probability in NLoS. 

3.2 AoA Measurement
3.2.1 Formula
The mean AS is formulated as:

[bookmark: MTUpdateHome]                              
The RMS AS is formulated as:

                          
3.2.2 Measurement Results
Following figures show RMS AS of AoA of all measurement results with the fitting of lognormal distribution.
[image: ]     [image: ] 
Figure 3 PDF of RMS AS of AoA (LOS at left and NLOS at right)
[bookmark: OLE_LINK5][image: ]
Figure 4 CDF of RMS AS of AoA
Observation 2: The RMS ASA is around 6 degree with over 90% probability in LOS whilst the RMS ASA is around 20 degree with over 90% probability in NLoS. 

3.3 AoD Measurement
Following figures show RMS AS of AoD of all measurement results with the fitting of lognormal distribution.
[image: ]  [image: ]
Figure 5 PDF of RMS AS of AoD (LOS at left and NLOS at right)
[image: ]
Figure 6 CDF of RMS AS of AoD 
Observation 3: The RMS ASD in LOS is around 8 degree with over 90% probability whilst the RMS ASD is around 10 degree with over 90% probability in NLoS. ASD in LOS is similar with ASD in NLOS.

3.4 Summary of LS Parameters
Large scale parameters from our indoor measurement campaign are summarized in Table 1 as follows. 
Table 1 Summary of LS parameters Indoor Office Scenario at 28GHz
	Parameter
	LOS
	NLOS

	DS
	

	5.3
	13.7

	
	

	6.7
	19.1

	Log(DS)
Log10(s)
	

	-8.69
	-8.24

	
	

	0.65
	0.67

	ASD

	

	33.0
	39.0

	
	

	37.4
	32.4

	Log(ASD)
Log10(degree)
	

	1.20
	1.34

	
	

	0.58
	0.56

	ASA
	

	21.3
	42.2

	
	

	20.0
	31.0

	Log(ASA)
Log10(degree)
	

	1.18
	1.44

	
	

	0.36
	0.57


Note: The distribution of delay spread and angular spread is calculated based on all clusters over 1800 and the other parameters are calculated based on each measurement spot. For non-logarithmic statistics, means and standard deviations are computed directly, while for logarithmic statistics, logarithms are taken firstly for linear data, then means and standard deviations are computed.

4. Small-Scale Parameters
The small-scale parameters specify the characteristics of individual propagation path/cluster, and are used to generate subpath powers, subpath delays, AODs, and AOAs, and are commonly obtained using the K Power Means algorithm, outlined in [3]. The K Power Means algorithm provides an optimum assignment of multipath components into clusters given a desired number of clusters from multi-dimensional channel measurements using the power-weighted multipath component distance (MCD) metric. The small scale parameters after clustering are given in Table 2 as follows. 
Table 2 Summary of SS Parameters for Indoor Office Scenario at 28GHz 
	Parameter
	LOS
	NLOS

	Clustering Algorithm
	K-Power-means
	K-Power-means

	
number of clusters
	6.65,1.94
	6.68,2.41

	
Ave number of rays per cluster
	6.58,7.79
	6.47,7.35

	
Cluster DS
	1.49,3.00
	2.23,4.80

	
Cluster ASD
	3.84,9.60
	5.49,14.23

	
Cluster ASA
	3.86,9.98
	5.74,12.43

	Cluster DS distribution(ns)
	
Exponential distribution 

	Cluster ASD distribution(degree)
	
Exponential distribution 

	Cluster ASA distribution(degree)
	
Exponential distribution 



Observation 4: The average number of clusters for indoor office scenario is around 6. The number of rays per cluster is around 6 with 4 degree cluster ASD/ASA in LoS and 6 degree cluster ASD/ASA in NLoS.

5. [bookmark: OLE_LINK6][bookmark: OLE_LINK7]Conclusions
In this contribution, we have provided measurement results for indoor office scenario at 28GHz. Some key observations and proposals are summarized as follows: 
Observation 1: The RMS DS in LOS is smaller than that in NLOS in indoor scenario. The RMS DS is around 4ns with over 90% probability in LoS whilst RMS DS is around 8ns with over 90% probability in NLoS. 
Observation 2: The RMS ASA is around 6 degree with over 90% probability in LOS whilst the RMS ASA is around 20 degree with over 90% probability in NLoS. 
Observation 3: The RMS ASD in LOS is around 8 degree with over 90% probability whilst the RMS ASD is around 10 degree with over 90% probability in NLoS. ASD in LOS is similar with ASD in NLOS.
Observation 4: The average number of clusters for indoor office scenario is around 6. The number of rays per cluster is around 6 with 4 degree cluster ASD/ASA in LoS and 6 degree cluster ASD/ASA in NLoS.
Proposal: Taking into account both Table 1 and Table 2 for statistical modleling parameterization for indoor office scenario at 28GHz
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