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[bookmark: _Ref301342314]Introduction
The above 6 GHz path loss channel modeling was approved in [1]. This contribution discusses path loss and shadow fading of Urban Micro-cell(UMi) scenario and Urban Macro-cell(UMa) scenario.
Discussion on Path loss and shadow fading
The path loss (PL) models need to be developed up to 100GHz and for wide range of operating scenarios. For this purpose, three PL models have been considered in the literature: namely, the close-in (CI) free space reference distance PL model [3][4][5], the close-in free space reference distance model with frequency-dependent PL exponent (CIF) [6], and the Alpha-Beta-Gamma (ABG) PL model [6-9]. It would be necessary to check which of CI or ABG model is proper for > 6GHz, in the LoS and the NLoS environments.

The CI PL model is given as [4-6] 
	,
	


·  is the frequency in Hz, 
· n is the PL exponent, 
· d is the distance in meters, 
· [image: ] is the shadow fading (SF) term in dB, and 
· the free space path loss (FSPL) at 1 m, and frequency   is given as:
	

	



The ABG PL model is given as:
	
	


·  captures how the PL increase as the transmit-receive in distance (in meters) increases,
·  is a the floating offset value in dB, 
·  captures the PL variation over the frequency  in GHz, and 
· [image: ] is the SF term in dB. 
It is noted that the CI PL model is the special case of ABG PL model, with  = 32.44. 

Table 1 presents parameters to characterize CI and ABG models [10].

Table 1. UMi and UMa path loss parameters

	
	Parameters

	
	n/
	(dB)
	
	(dB)

	UMi
	LoS
	CI
	1.98
	N/A
	3.1

	
	NLoS
	CI
	3.19
	
	8.2

	
	
	ABG
	3.48
	21.02
	2.34
	7.8

	UMa(SC)
	LoS
	CI
	2.0
	N/A
	4.1

	
	NLoS
	CI
	3.0
	
	6.8

	
	
	ABG
	3.4
	19.2
	2.3
	6.5



The SF is determined differently depending upon which of two types PL models is used. For the LOS cases, it is observed that CI PL model can characterize PL with relatively small SF. As CI PL model is also simpler than the ABG model, it is proposed to adopt CI PL model for the LOS cases.

Proposal 1: CI model is used for LOS pathloss modelling for UMi and UMa scenarios. 

In Table 2 and 3, the SF of NLoS environments are presented with the CI PL model and the ABG PL model for UMi Street Canyon(SC) and Open Square(OS) scenario, respectively.

Table 2. UMi NLOS SC: shadow fading vs. frequency and PL model

	NLoS
SF
	2GHz
	2.9GHz
	6GHz
	18GHz
	26GHz
	28GHz
	29GHz
	37GHz
	60GHz
	73.5GHz

	SF
(CI model)
	7.70
	3.33
	1.60
	8.03
	5.80
	20.22
	5.40
	6.23
	5.50
	7.87

	SF
(ABG model)
	7.64
	3.17
	1.08
	7.95
	5.66
	19.63
	5.31
	6.22
	5.32
	7.82



Table 3. UMi NLOS OS: shadow fading vs. frequency and PL model

	NLoS
SF
	2GHz
	2.9GHz
	18GHz
	29GHz
	60GHz

	SF
(CI model)
	7.88
	3.33
	8.67
	5.40
	2.22

	SF
(ABG model)
	7.39
	3.17
	7.89
	5.31
	1.79



The tables show SF of the ABG PL model is a little smaller than SF of CI PL model in UMi scenario.

Table 4. UMi NLOS: Shadow fading vs. distance

	SF
	50m
	100m
	200m
	400m

	CI model
	7.43
	7.68
	7.61
	4.99

	ABG model
	6.25
	6.96
	7.18
	4.78



Table 4 shows SF as a function of distance with CI and ABG models in the UMi scenario. When the BS-MS distance is small, SF of ABG model is smaller than that of CI. However when the BS-MS distance increases, the SF of the two models becomes similar.

[image: ]
Figure 1. Shadow fading cdf with two different NLoS PL models at two MS-BS distance ranges: ray-tracing with Daejeon city model

Figure 1 shows the SF of the NLoS Daejeon 28GHz ray-tracing data by the distance and PL model. Similarly to the observation made with the measurement data above, the SF of the CI PL model is bigger than the ABG PL model in the short MS-BS distance (40m to 100m). 

[image: ][image: ]
Figure 2. Shadow fading vs distance with wo different NLoS PL models

In Figure 2, the left figure shows the SF vs. MS-BS distance in UMi derived with NLoS PL measurement data, and the right figure shows the CDF of SF in UMi derived with PL measurement data of under 200m MS-BS distance. 

In the left figure, it can be seen that the SF of ABG PL model is smaller than the SF of CI PL model under 50m. This reveals that CI PL modelling estimates PL smaller than real path loss values in short MS-BS distances. As many UEs are indeed distributed within short distances from the BSs, ABG PL model can be a better model in UMi scenario.

The SF of ABG PL model is suitable than CI PL model in UMi scenario. Because the SF of ABG PL model is more lognormality and smaller SF than CI PL model between the near BS-MS distance in UMi scenario. 

Table 5. UMa: shadow fading vs. frequency and PL model

	Frequency
	2GHz
	10.25GHz
	18GHz
	28GHz
	28.5GHz
	39.3GHz
	73.5GHz

	SF
(CI model)
	9.62
	12.58
	6.49
	18.16
	12.10
	11.69
	10.10

	SF
(ABG model)
	9.36
	12.52
	6.12
	17.56
	11.99
	11.56
	9.99



The SF of NLoS environments are calculated with CI PL model and ABG PL model for UMa scenario in Table 5. 
The table shows the SF derived with UMa measurement data, in terms of carrier frequency[13]. The table shows the SF of the ABG NLoS PL model is a little smaller than SF of CI NLoS PL model in UMa scenario, similarly as in UMi scenario. The SF of ABG NLoS PL model is smaller than the SF of CI NLoS PL model, too.

The below equation shows curve fitting of SF in the UMa NLoS environments in [14], in terms of distance, where SF represents the shadow fading magnitude:

The SF of ABG PL model is smaller than CI PL model in the short MS-BS distance in both UMi and UMa. Hence, it seems that ABG PL model is more suitable than CI PL model. In addition, the SF in case of CI PL model does not seem to be a good PL modeling in short MS-BS distances in UMa scenario. As many UEs are distributed within short distances from the BSs, ABG PL model can be a better model. ABG PL model can maintain log-normality in the whole distance range, and is more suitable than CI PL model which shows limitation in short MS-BS distances. 

Proposal 2: ABG model is used for NLOS pathloss modelling for UMi and UMa scenario.

Conclusions
Based on the discussions in this contribution the following is proposed:
· Proposal 1: CI model is used for LOS pathloss modelling for UMi and UMa scenarios.
· Proposal 2: ABG model is used for NLOS pathloss modelling for UMi and UMa scenarios.
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