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1. Introduction
In RAN1 #84, scenarios for above 6GHz channel model were agreed in principle and channel modeling methodologies were also discussed [1]. For scenarios for above 6GHz channel modeling, the following scenarios are prioritized for this SI. 

	· The following scenarios for above 6GHz Channel Modeling should be considered as first priority scenarios for the SI.
· UMi

· UMi-Street Canyon with O2O,I2I, and O2I

· UMi-Open Square with O2O,I2I and O2I
· UMa
· Indoor

· Indoor-Office: Open Office, Mixed Office

· LoS Probability need separately modeled in indoor office scenarios

· Indoor-Shopping Mall: large multiple-story building with open ceiling in the middle


In this contribution, we discuss pathloss and shadow fading in indoor office scenarios for above 6GHz channel modeling and provide some simulation results based on ray tracing for parameterization. Note that AWE Ray Tracing Tool [2] is used for our simulations. 
2. Pathloss Model and Shadowing Factor in Indoor office scenarios
In [3], two indoor office scenarios were introduced; one is indoor open office and another is indoor mixed office including open cubicle areas, meeting rooms, walled offices, corridors, etc. In order to investigate whether separate modeling is needed for pathloss and shadow fading between the two indoor office scenarios, we examine some ray tracing results for pathloss and shadow fading in both indoor office scenarios.
2.1. Description for test environments
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(a) Open Office Layout (120mX50m) 
        (b) Mixed Office Layout (120mX50m)

Figure 1. Illustration of test map in Office scenarios

One of the differences between open office layout and mixed office layout is that there are closed room which let the propagation path obstruct. We disposed one desk of which height is 0.7m per one cubicle of which height is 1.5m in a line on parallel with horizontal direction of the map. And we built corridors between the lines.
Table 1. Reference description for our layout [4]
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Parameters

Indoor – office 

open office

Indoor – office 

mixed office

Layout

Room size (WxLxH) [120mx50mx3m]

ISD 20m

BS antenna height (h

BS

) 3 m (ceiling)

UE location

LOS/NLOS FFS FFS

Height (h

UE

) 1.0 m

UE mobility (horizontal plane only) 3 km/h

Min. BS - UE distance (2D) FFS

UE distribution (horizontal) Uniform


For calibration of the test, the environment description [4] for indoor office scenarios was introduced in RAN1 #84. We referred to the parameters for test environments. In addition, we set specific parameters for the simulation as table 2.
                                             Table 2. Specific description for our layout
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Parameters

Indoor – office 

open office

Indoor – office 

mixed office

Outer wall Thickness 20cm Concrete

Inner wall

(closed room)

-

Thickness 10cm 

Concrete

[10mX10mX3m]

Cubicle Thickness 10cm wood(Birch) [50mX60mX1.5m]

Desk

Spatial Resolution for RT 0.5mX0.5m 0.5mX0.5m

Total test samples Around 100,000 

samples

Around 100,000 

samples

Max. Num. Reflections 6 6

Max. Num.

Diffractions

1 1

Num. Multipath Component 60 60

Minimum Received Power -250dBm -250dBm

Thickness 5cm

wood(Fir)

[5mX4mX0.7m] 

Medium 

information


For both scenarios, BSs are placed uniformly with an interval of 20m as illustrated in Figure 2, which is referred to the indoor layout in [4]. 
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Figure 2. BS placements for the test (Mixed Indoor Scenario)
2.2. Ray tracing results for PL and SF
Figure 3 illustrates how the propagation loss in simulation expresses in our test campaigns. In mixed office case, the loss of the areas deployed in low height cubicle have similar loss to one of the areas in open office but the loss in closed room severely increases by propagation blocking due to interior walls. The gap of pathloss (PL) increases as a test frequency increases.
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(a) Illustration of PL in mixed office at 15GHz (Tx = (10m, 15m, 3m))
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(b) Illustration of PL in mixed office at 30GHz (Tx = (10m, 15m, 3m))
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(c) Illustration of PL in open office at 15GHz (Tx = (10m, 15m, 3m))
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(d) Illustration of PL in open office at 30GHz (Tx = (10m, 15m, 3m))
Figure 3. 2D pathloss simulation results (Rx height: 1m)
With respective to the effect, in mixed office case, shadowing factor (SF) increases as the propagation distance increases shown as figure 4. On the other hand, the fluctuation of SF is almost unchanged as the propagation distance increases in open office case.
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(a) PL and SF in Mixed Office in 15GHz
          (b) PL and SF in Mixed Office in 30GHz
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(c) PL and SF in Open Office in 15GHz 
         (d) PL and SF in Open Office in 30GHz

Figure 4. PL and SF with fitting curve (ABG PL model and CIF PL model)

Linear fitting for PL of which representative methodology are Alpha-Beta-Gamma model (ABG) and closed-in with frequency dependency model (CIF) is essential to obtain SF characteristics. From ray tracing results, we provide parameterizations of PL and SF with two models for both indoor office scenarios as table 3. Note that ABG and CIF models are shown as follow equations in [5]
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Table 3. Parameterization and RMSE of ABG and CIF (
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= 2.49, b=0.06, and 
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f

=24.2 [5])
	scenarios
	Frequency(GHz)
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	SF(RMSE)

	Open Office
	15GHz
	ABG
	23.14
	2.494
	4.501dB

	
	
	CIF
	-
	2.341
	4.5526dB

	
	30GHz
	ABG
	19.23
	2.899
	4.777dB

	
	
	CIF
	-
	2.61
	4.9155dB

	Mixed Office
	15GHz
	ABG
	13.89
	4.21
	28.7634dB

	
	
	CIF
	-
	3.508
	28.8631dB

	
	30GHz
	ABG
	3.952
	5.378
	39.9377dB

	
	
	CIF
	-
	4.018
	40.1373dB


Observation 1: It would be preferable to design PL model by using either ABG PL model or CIF PL model with frequency dependence for above 6GHz channel modeling with proper parameterizations. 
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(a)  15GHz SF (below 20m)

         (b) 15GHz SF (between 20m and 40m)
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(c) 15GHz SF (between 40m and 60m)
           (d) 15GHz SF (between 60m and 80m)
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(e) 15GHz SF (between 80m and 100m)
               (f) 15GHz SF (above 100m)
Figure 5. SF histogram with respect to Tx/Rx propagation distance (Mixed Indoor Scenario, 15GHz)

From Figure 5, we observe that mode of SF is shifted as propagation distance increases.
Observation 2: In mixed indoor scenario, since SF seems to have high distance-dependency, it would be beneficial to model SF as a function of distance with consideration of the following options:

Option 1: 
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 if the distribution of SF is log-normal.
Option 2: 
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 is any distribution but an additional loss per unit distance. 
3. Additional consideration points

In addition to PL and SF discussed above, the floor penetration loss in indoor scenarios might need to be taken into account for above 6GHz channel modeling. In [6], the floor penetration loss factors according to the number of floors penetrated can be seen for various environments in channel below 6GHz, which were derived by measurement. Toward more concrete channel modeling above 6GHz for 5G system, it would be beneficial to further consider the floor penetration loss for indoor scenarios in channel modeling above 6GHz.
Observation 3: It would be beneficial to further consider the floor penetration loss for indoor scenarios in channel modeling above 6GHz.
4. Conclusion
In this contribution, we discussed the PL and SF modeling for channel modeling above 6GHz. Based on above discussion, we suggest the following observations:

Observation 1: It would be preferable to design PL model by using either ABG PL model or CIF PL model with frequency dependence for above 6GHz Channel model with proper parameterizations.
Observation 2: In mixed indoor scenario, since SF seems to have high distance-dependency, it would be beneficial to model SF as a function of distance with consideration of the following options:
Option 1: 
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 if the distribution of SF is log-normal.
Option 2: 
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 is any distribution but an additional loss per unit distance. 
Observation 3: It would be beneficial to further consider the floor penetration loss for indoor scenarios in channel modeling above 6GHz.
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