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1. Background and introduction
At the RAN#69, the >6GHz channel model SI was approved [1]. Pathloss and shadow fading impact the coverage of high frequency system. Besides that other large scale parameters such as delay spreads, angle spreads will impact the system design and the MIMO performance. In this contribution we proved the large scales parameters in different scenarios to facilitate channel modeling work and further system design.
2. Channel measurement campaign
2.1. Measurement system setup and data post-processing
Channel sounder for delay spreads
The delay spreads could be derived from the power delay profile of the onmi-direction pathloss measurements. Thus, the channel sounder is the same as described in the proposal [3].
Channel sounder for angle spreads
The channel sounder used in angle spread measurements is based on Keysight’s instruments. The signal generator could cover the center frequencies from 100 kHz to 44 GHz and the bandwidth is up to 1GHz. During the measurement campaign, the center frequency was set to 20/23/28 GHz with 1 GHz bandwidth. And the length of sounding sequence is PN sequence of 1024. Thus, the time resolution is 1 ns and the total time of a PN sequence is 1 us. Omni-directional antenna with wide bandwidth is used at transmitter. And the large bandwidth horn antenna is used at the receiver side. Angle and the spread information could be caught while the antenna was rotated pointing different directions.
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Figure 1 Channel sounder used for angle spread measurements
Table. 1 Antenna Parameters

	
	Horn antenna
	Omni-direction antenna

	Frequency range [GHz]
	2-18,18-40
	2-18,18-40

	Polarization
	Vertical
	Vertical

	Gain [dBi]
	10-16
	2-5

	3dB beam width(E)
	20-40o
	-30°~ 30°

	3dB beam width(A)
	20-40o
	-180°~ 180°


Data processing
The delay spread is important paramter describe the distribution of multipath in time domain. And it is an important parameters for the stacastic channel model.The delay spreads could be calculated from the PDP profile from each measurement.
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Figure 2 An example of power delay profile
The angle information are derived from the channel impulse response (CIR) of different direction. And the SAGE algorithm [4] are used to decouple the impact of horn antenna and got the multipath information of the omni directions.
3. Measurement campaign and results
Multiple measurements on different freqeuncy were carried in UMI, indoor shopping mall and indoor office.
3.1. UMI street canyon
The channel measurement campaign is carried out in BUPT campus in Beijing. The transmitter is installed on top of a 3-floor office building. The antenna height at transmitter is 13.8m above the ground. Surround buildings are much higher than the transmitter.  
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Figure 3 UMI measurement campaign, the transmitter’s position and the views of the transmitter
Only 14GHz measurements for delay spreads are carried out in this scenario. Four routes are planned, as shown in Figure 4. Route 1 and 2 are completely LOS case and route 3 is a complete NLOS case. And the route 4 contains both LOS and NLOS parts.
The ditribution of rms delay at the 14GHz  UMI could be seen in the figure below.
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Figure 4, 14GHz UMI rms delay spread
Table 2, 14GHz UMI rms delay spread
	Rms delay
	mean
	std
	Mean(log10(s))
	Std(log10(s))

	LOS
	40.65 
	20.15373
	-7.43311
	0.195007

	NLOS
	124.7341
	52.45617
	-6.94451

	0.20277



During the measurements in route 4, the transition from LOS case is captured. Additional 15db loss could be observed during the transition from LOS to NLOS. Also the change of delay spread could be observed. 
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Figure 5, measurements moving from LOS to NLOS
[image: image10.emf]10

1.4

10

1.5

10

1.6

10

1.7

10

1.8

80

85

90

95

100

105

110

115

120

distance,m

pathloss,db

transition for los to nlos

 

 

pathloss samples

free space PL

 [image: image11.emf]20 25 30 35 40 45 50 55 60 65 70

0

20

40

60

80

100

120

140

160

180

200

distance,m

rms delay, ns


Figure 6, pathloss and delay spreads transition from los to nlos in 14GHz Umi
Observation 1
The transition from los to nlos could be observed in the measurements. Due to the blockage of buildings,  additional 15db losses could be observed. And the delay spreads also increases during the transition.
Proposal 1
Once the transition from los to nlos are introduced in the simulation. The changle of delay spread should be captured in the channel modeling. And it also should be an important part of spatial consistency in >6GHz channel model.
3.2. Indoor shopping mall
Indoor shopping mall is an another important scenario for future deployments. High density traffic and high data rate are required in this scenario. The scenario of shopping mall should contain multiple floors and have a open area in the center of the building. We found a similar building as the measurement campaign.
. 
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Figure 7, the scenario of shopping mall
The transmitter antenna height is 2.5m and receiver height is 1.5m Figure 7 shows the measurement results for 14GHz in the shopping mall scenario. The delay spreads in the indoor shopping mall are illustrated as below.
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Figure 8 14GHz indoor shopping mall delay spreads
Table 3 14GHz indoor shopping mall delay spreads
	Rms delay
	mean
	std
	Mean(log10(s))
	Std(log10(s))

	LOS
	47.62042
	10.07563
	-7.33313
	0.102012

	NLOS
	44.59038
	8.735512
	-7.35942

	0.09045



3.3. Indoor office
Indoor office measurements are carried out in the CMCC’s office. The layout and the scenario are illustrated in Figure 8. The size of open area in the office is 15m x 45m. 14GHz and 28GHz measurements are carried out in this scenario for pathloss and delay spreads. And another measurement cover from 3.5GHz to 28GHz at the same positions are also taken. 
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Figure 8. the layout of indoor office scenario
3.3.1. Isolated measurement for 14GHz and 28GHz
The  14GHz measurement campaign are figured in the below
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Figure 9 14GHz LOS pathloss measurement
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Figure 10 14GHz NLOS pathloss measurements
14GHz pathloss in los and nlos cases are present in figure 11.
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Figure 11 14GHz LOS and NLOS delay spreads 
Table 4 14GHz LOS and NLOS delay spreads
	Rms delay
	mean
	Mean(log10(s))
	Std(log10(s))

	LOS
	27.78ns
	-7.5981
	0.2745

	NLOS
	36.92ns
	-7.4736

	0.2166


28GHz pathloss share the similar scenarios. And pathloss figure and parameters are given in the below.
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Figure 12 28GHz LOS and NLOS delay spreads in indoor office
Table 5  28GHz LOS and NLOS delay spreads in indoor office
	Rms delay
	mean
	Mean(log10(s))
	Std(log10(s))

	LOS
	29.35
	-7.5476
	0.1547

	NLOS
	43.16
	-7.412

	0.1744


3.3.2. Multiple frequency measurements
Delay spreads
To get an observation for the difference of pathloss at exactly each location, multiple frequency measurements are carried out in the open office scenario. The frequency contains 3.5GHz, 6GHz, 14GHz, 23GHz, 26GHz, and 28GHz.
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Figure 13 the scenario for multiple frequencies pathloss measurements
Figure 10 shows rms delay spread at different distance in both LoS and NLoS case. The trend of rms delay according to the distance is increased and the dynamic range increases accordingly. The LOS case has a slightly higher slope of upper bound than NLOS, which means the fluctuation of rms delay spread may increase faster than NLOS case. Figure 11 shows the trends of mean values of rms delay spread will decrease while the center frequency increase.
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Figure 10 rms delay spread at each distance in both LoS(left) and NLoS(right) case 
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Figure 14 mean value of rms delay spread in both LoS(left) and NLoS(right) case
Observation 2
The dynamic range of rms delay spread could be observed increase according to the distance increments. It could be observed a slight trend that the mean value of rms delay spread decreases while the centre frequency increases.
Angle spreads
The channel sounding was performed in the CMCC’s office in Beijing. The transmitter’s location is the same as illustrated in Figure 12. At each location, horn antenna rotated in horizontal at steps of 5 degree. And the received power from each direction could be used for angle analysis. 20GHz, 23GHz and 28GHz are set as the center frequencies of the measurements. The locations of each frequency’s measurements are kept the same.
Multiple paths or clusters could be observed from initial angle measurements in Figure A2.3.4-1. Multiple reflection transmissions could be observed from the measurement results. 
[image: image28.png]



Figure 15. Angle spread of each location at 28GHz
The SAGE algorithm is used for multipath analysis. It could decouple the impact of antenna response and re-build the channel impulse response. Angle spreads after the process of SAGE are list below.
TABLE 6, parameter of 20, 23 and 28 GHz channels in an indoor office scenario

	Freq.
	20GHz
	23GHz
	28GHz

	LOS/NLOS 
	LOS 
	NLOS 
	LOS 
	NLOS 
	LOS 
	NLOS 

	Mean(o) 
	16.76 
	22.63 
	14.74 
	36.21 
	16.70 
	24.80 

	std (o)
	4.15 
	9.52 
	4.87 
	14.05 
	4.26 
	8.34 

	Mean,log10(o) 
	1.21 
	1.32 
	1.15 
	1.53 
	1.21 
	1.37 

	Std,log10(o)
	0.11 
	0.16 
	0.13 
	0.16 
	0.11 
	0.13 


Observation 3
Multiples cluster or paths could be observed from the angle measurements. Beside the LOS lobe at each location, multiple reflection lobes could be observed. The direction change of the lobe according different positions could be observed.
Proposal 2
The angle of arrival should be changed according to different location. The strong relationship between location and angle of departure and arrival should be reflected in the channel model, which is part of spatial consistency.
4. Conclusion
In this contribution, we present the larger scale parameters for UMI, indoor shopping mall and indoor office. Most measurement only cover single carrier frequencies.. In section 3.3.2 we carried out a multiple frequencies measurements in the same area and the exactly same position. Several observations and proposals are present.
Observation 1
The transition from los to nlos could be observed in the measurements. Due to the blockage of buildings,  additional 15db losses could be observed. And the delay spreads also increases during the transition.
Observation 2
The dynamic range of rms delay spread could be observed increase according to the distance increments. It could be observed a slight trend that the mean value of rms delay spread decreases while the centre frequency increases.
Observation 3
Multiples cluster or paths could be observed from the angle measurements. Beside the LOS lobe at each location, multiple reflection lobes could be observed. The direction change of the lobe according different positions could be observed.
Proposal 1
Once the transition from los to nlos are introduced in the simulation. The changle of delay spread should be captured in the channel modeling. And it also should be an important part of spatial consistency in >6GHz channel model.
Proposal 2
The angle of arrival should be changed according to different location. The strong relationship between location and angle of departure and arrival should be reflected in the channel model, which is part of spatial consistency.
Multiple pathloss and shadow fadings are given.
· 14GHz delay spreads  in UMI scenarios are given in Table 2
· 14GHz delay spreads  in indoor shoping mall are given in Table 3
· Ioslated 14GHz and 28GHz delay spreads  in indoor shoping mall are given in Table 4 and 5
· Angle spreads of 20/23/28GHz in indoor office are given in the Table 6
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