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1. Background and introduction

At the RAN#69, the >6GHz channel model SI was approved [1]. Pathloss and shadow fadings are two of the most important parameters for the channel model. In this contribution we provide our measurement results of pathloss in multiple scenarios and multiple frequencies.
2. Channel measurement campaign

2.1. Measurement system setup and data post-processing
Sounder

The channel sounder in the pathloss measurements is built up of Rohde & Schwarz’s instruments as Figure 1. We use R&S SMW200A vector signal generator as transmitter at the Tx side, whose frequency ranges from 100 KHz to 40 GHz. The transmitted power before Tx antenna could be up to +30 dBm, which guarantees long distance measurements for indoor office scenario. At the Rx side, R&S FSW signal and spectrum analyzer is utilized and its maximum analysis bandwidth is 320 MHz. In our measurement campaign, 250 MHz bandwidth and a 16bit PN sequence are used in channel sounding. And both horn antenna and omni-directional antenna are used in the measurements. The basic parameters of these two kinds of antennas are listed in Table A2.1.1-1. Where E and A indicate the angle of elevation and azimuth, respectively.
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Figure 1 Channel sounder architecture.

Table. 1 Antenna Parameters

	
	Horn antenna
	Dipole antenna
	Omni-direction antenna

	Frequency range [GHz]
	0.8 to 18
	13 to 15
	2-18,18-40

	Polarization
	Vertical
	Vertical 
	Vertical

	Gain [dBi]
	14.1
	1.5
	2-5

	3dB beam width(E)
	-18°~ 18°
	-30°~ 30°
	-30°~ 30°

	3dB beam width(A)
	-16°~ 16°
	-180°~ 180°
	-180°~ 180°


Data processing
The pathloss could be calculaterd from the function below,

Pathloss = TxPower_db – RxPower_db +TxAntGain+RxAntGain-system_loss   (1)

Because the channel should be antenna agnostic, the pathloss are normally described as omni-directional pathloss, not the directional one. And the shadow fading could be derived from the standard deviation of samples and pathloss function.
3. Measurement campaign and results
Multiple measurements on different freqeuncy were  carried in UMI, indoor shopping mall and indoor office.

Floating intercept model and Close In reference model are 2 kinds of methods to fit the pathloss model. The floating intercept model is 

PL = alpha*log10(distance_m)+beta                                                                   (1)

Alpha is the pathloss exponent, which describes the trends of pathloss at different distance. And the beta is a constant. The 2 parameters are fully derived from data samples. 
Close in refrernce pathloss model is 


PL = FSPL(d0)+alpha* log10(distance/d0)                                                         (2)

CI model describes the propagation loss as a refrence pathloss at certain distance plus an addtional loss. The reference distance d0 usually is considered as 1 meter. And the pathloss at d0 is considered as a free space pathloss. Alpha describes the changes  over the reference pathloss at different distance. CI model is a one variable function.

CI model could provide a more obviours trend for pahtloss when the data samples are limited. But the problem is that in the real field of UMI or NLOS case, 1m free space pathloss could not be catched in the field  measurements. Due to the 10m’s height assumption of basestation in UMI, the measured data are far beyond 1m distance. Also the NLOS case could hardly happens in the real field when the Tx-Rx separation is one meter.
on the other side, the traditional 3GPP pathloss is based on the Floating Intercept model. The pathloss function are fully depends on data samples. Once the data samples are plenty enough, the FI model could provide a more realistic model.
Observation 1,

CI model could give a clear trend of pathloss when the data samples are limited. But in some cases the 1m reference pathloss do not exist in the real field, e.g. LOS cases in UMI, NLOS cases in all typical scenarios. 

Proposal 1,

Once the data sample numbers is enough, the FI model could provide a more realistic model.
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. Surround buildings are much higher than the transmitter.  
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Figure 2 UMI measurement campaign, the transmitter’s position and the views of the transmitter

3.5GHz, 6GHz, 14GHz measurements are carried out in this scenario. The measurements of 3.5GHz and 6GHz are carried out based on the EB sounder [3,4] with dipole antennas.  6GHz and 3.5GHz are compared in the Figure 3. And the fitting functions are listed in the Table 2. Floating intercept fitting methods are used for the 2 frequencies.
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Figure 3. 3.5GHz and 6GHz UMI pathloss in LOS(left) and NLOS(right) cases

The fuction of 3.5GHz and 6GHz pathloss could be list in Table 2
Table 2, 6GHz and 3.5GHz pathloss and shadow fading

	
	Pathloss
	Shadow fading
	Distance,m

	6GHz-LOS
	PL = 22.7*log10(d)+43.8
	3.4
	30~200

	6GHz-NLOS
	PL = 41.9*log10(d)+17.2
	1.1
	60~100

	3.5GHz-LOS
	PL = 20.3*log10(d)+41
	2.6
	30~200

	3.5GHz-NLOS
	PL = 34.5*log10(d)+23.6
	2.9
	60~100


 14GHz measurements are carried out in the same environments but the measurement routs are slightly different. 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 measurement of 14GHz pathloss use the R&S channel sounder.
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Figure 4 the routes of 14GHz in UMI measurement
Figure 5 illustrates teh 14GHz pathloss samples and the fitting curves. Due to 14GHz using fixed position measurements, the pathloss samples are discrete. Pathloss functions are listed in Table 3.
[image: image8.emf]10

1

10

2

10

3

75

80

85

90

95

100

105

110

115

120

125

distance,m

pathlos,dB

 

 

14GHz los pathloss

14GHz LOS fitting

14GHz NLOS pathloss

14GHz NLOS fitting


Figure 5. 14GHz UMI pathloss 
Table 3, 14GHz pathloss and shadow fading

	
	Pathloss
	Shadow fading
	Distance,m

	LOS
	PL = 16.45*log10(d)+61.88
	4.6098
	18~143

	NLOS
	PL = 42.41*log10(d)+36.24
	5.2799
	32~89

	LOS, close in
	PL = 20.4*log10(d)+55.3
	3.77
	18~143

	NLOS, close in
	PL = 31.25*log10(d)+55.3
	3.12
	32~89


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 ditribution of rms delay at the 14GHz  UMI could be seen in the figure below.
During the measurements in route 4, the transition from LOS case is captured in the measurements. 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 3, measurements moving from LOS to NLOS
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Figure 3, pathloss and delay spreads transition from los to nlos in 14GHz Umi
Observation 2
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 2

Addtional losses around 15db could be observed when UE moves from LOS to NLOS, which will impact the perfromance servely. The transition from los to nlos should be modeled in the >6GHz channel model to facilitate furture technology developments and evaluations.
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 4, the scenario of shopping mall
The transmitter antenna height is 2.5m and receiver height is 1.5m Figure 5 shows the measurement results for 14GHz in the shopping mall scenario. And the pathloss are gived in Table 4.
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Figure 5, 14GHz shopping mall pathloss

Table 4 14GHz pathloss in shopping mall
	
	Pathloss
	Shadow fading
	Distance,m

	LOS
	PL = 21.3*log10(d)+51.7
	4.2688
	20-50

	NLOS
	PL = 41.25*log10(d)+26.3
	1.29
	20-60


3.3. Indoor office
Indoor office measurements are carried out in the CMCC’s office. The layout and the scenario are illustrated in Figure 6. 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. The measurement equipments are from R&S.
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Figure 6. the layout of indoor office scenario

3.3.1. Isolated measurement for 14GHz and 28GHz
The  14GHz measurement campaign are figured in the below
[image: image19.png]= =T ==

=l B E—-@IE—





Figure 7 14GHz LOS pathloss measurement
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Figure 8 14GHz NLOS pathloss measurements

14GHz pathloss in los and nlos cases are present in figure 9.
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Figure 8 14GHz LOS and NLOS pathloss 

Table 5 14GHz pathloss and shadow fading  in indoor office
	
	Pathloss
	Shadow fading
	Distance,m

	LOS
	PL = 20.76*log10(d)+ 51.36
	7.87
	1-45

	NLOS
	PL = 48.11*log10(d)+29.41
	5.74
	20-50


28GHz pathloss share the similar scenarios. And pathloss figure and parameters are given in the below.
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Figure 8 28GHz LOS and NLOS pathloss Table 6 28GHz pathloss and shadow fading 

Table 6 28GHz pathloss and shadow fading  in indoor office
	
	Pathloss
	Shadow fading
	Distance,m

	LOS
	PL = 15.06*log10(d)+ 63.83
	5.59
	1-45

	NLOS
	PL = 52.62*log10(d)+30.34
	8.993
	10-50


3.3.2. Multiple frequency measurements
To get an observation for the difference of pathloss at exactly each locaton, multiple frequency meausremnts are carried out in the open office scenario. The frequency catains 3.5GHz, 6GHz, 14GHz, 23GHz,26GHz, 28GHz.
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Figure 9 the scenario for multiple frequencies pathloss measurements
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Figure 10 fitting pathloss for each single carrier

Table 7 multiple frequencies pathloss and shadow fading  in indoor office
	Scenario
	Environment
	Distance [m]
	Model
	Frequency [GHz]
	PLE/(
	( [dB]
	SF[dB]

	Indoor office
	LoS
	1-40
	ABG
	3.5
	1.54
	48.67
	5.4665 

	
	
	
	
	6
	1.45
	51.09
	5.0497 

	
	
	
	
	14
	2.07
	52.9
	6.4726 

	
	
	
	
	23
	1.74
	58.47
	5.4219 

	
	
	
	
	26
	1.95
	58.59
	6.2883 

	
	
	
	
	28
	1.92
	61.58
	6.0239 

	
	NLoS
	15-45
	ABG
	3.5
	3.6
	29.52
	 5.4788

	
	
	
	
	6
	3.21
	37.69
	 4.3506 

	
	
	
	
	14
	3.8
	38.32
	6.1355 

	
	
	
	
	23
	4.6
	29.86
	 6.3095 

	
	
	
	
	26
	3.78
	41.76
	 5.7847 

	
	
	
	
	28
	3.77
	46.84
	 5.7844 


When we put the 6 frequencies together and do the estimation of 3 variables, the impact factor of frequencies could also be derived.
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Figure 11. Multiple frequency pathloss fitting
Table 8 Parameters path loss model in indoor office scenario

	Scenario
	Environment
	Distance [m]
	Model
	Frequency [GHz]
	PLE/(
	( [dB]
	Shadow fading

	Indoor office
	LoS
	1-40
	FI
	3.5-28
	1.78
	34.1
	1.89

	
	NLOS
	15-45
	FI
	3.5-28
	3.67
	16.68
	2.03


And because the NLOS measurements in section 3.3.1 contain several different cases for the NLOS, the PLE of NLOS in this section is different. 
4. Conclusion

In this contribution, we present the pathloss and shadow fading measurements 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,

CI model could give a clear trend of pathloss when the data samples are limited. But in some cases the 1m reference pathloss do not exist in the real field, e.g. LOS cases in UMI, NLOS cases in all typical scenarios. 

Observation 2
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 data sample numbers is enough, the FI model could provide a more realistic model.
Proposal 2

Addtional losses around 15db could be observed when UE moves from LOS to NLOS, which will impact the perfromance servely. The transition from los to nlos should be modeled in the >6GHz channel model to facilitate furture technology developments and evaluations.

Multiple pathloss and shadow fadings are given.

· 3.5GHz, 6GHz, 14GHz pathloss and shadow fading  in UMI scenarios are given in Table 2 and 3

· 14GHz pathloss and shadow fading  in indoor shopping mall are given in Table 4

· Ioslated 14GHz and 28GHz pathloss and shadow fading  in indoor office are given in Table 5,6
· Multiple freqeuncies covers 3.5GHz, 6GHz, 14GHz, 23GHz,26GHz, 28GHz in the indoor office scenarios are given in Table 7,8
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