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Introduction
A SID on Study on channel model for frequency spectrum above 6 GHz is agreed in RAN # 69 meeting [8]. The objectives of the study are to develop a channel model to enable feasibility study and developing framework of using high frequency spectrum ranging from 6 GHz to 100 GHz. In order to achieve this, the study item should fulfil the following objectives.
· RAN1 should develop a channel model(s) for frequencies up to 100 GHz taking into account the outcome of RAN-level discussion and discussion in the ‘5G’ requirement study item. 
· Define the additional details of the scenarios of interest required for RAN1 work for 3GPP based radio communication above 6GHz.
· Consider the work done outside 3GPP as well as earlier 3GPP work, such as the 3GPP 3D-channel model, as a starting point and identify and agree modifications and additions for proper modelling of wireless channels of the high frequency spectrum for the identified scenarios. 
· Consider possible implication of the new channel model on the existing 3D channel model for below 6 GHz.
In this contribution, we summarize the penetration loss models in the recently literatures. Based on these penetration loss models, link budgets of UMi/UMa O2I scenarios are analyzed. Finally, we evaluate the feasibility of UMi/UMa O2I scenario deployments according to the link budgets calculation at 15, 28 and 38 GHz.
Penetration Loss 
Figure 1 summarizes the material penetration losses over different frequency bands [1]-[6]. The measurement results performed a lower bound on expected penetration loss in real scenarios, such as old building, with regular glass. The modern window and door showed an attenuation of 20-40 dB. In the case of the modern wall, no signal was detected for the mmWave throughout the measurement. As Figure 1 shown, on average, an attenuation of the modern wall is higher than an attenuation of the modern window and door. Table 1 provides the simple single-slope models for frequency-dependent penetration loss [3][5]. The model for modern glass coated with energy-efficiency material considers all the data from the modern window and modern door. The model for modern wall considers the 45 cm thick multi-layer wall composed of reinforced-concrete (mainly) and brick. Finally, the model for old glass is provided based on the data from the old glass window. With these three models, the behavior at wide range frequency can be predicted.
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Figure 1. Measured different material penetration losses [1]-[6].


Table 1. Frequency-dependent Penetration Loss Models [3][5]
	Element
	Model

	Modern Wall
	

	Modern Glass
	

	Old Glass
	



Observation 1: On average, the modern window, door and wall present an attenuation of higher 30 dB at the mmWave frequency band.
Observation 2: Materials coated or composed of metal, such as IRR glass and reinforced-concrete, have high losses even at lower frequency.
Observation 3: The penetration loss appears to increase linearly with frequency.

Outdoor-to-Indoor Feasibility for UMa/UMi Deployments
In this section, we analyze LTE link budget to evaluate the feasibility or coverage range of UMa/UMi (O2I) deployments. Table 2 shows an example of LTE link budget for the downlink transmission with 100 MHz bandwidth. At eNB transmitter, the transmitter power is assuming to be 41/46 dBm for UMi/UMa scenarios and antenna gain with beamforming is 16 dBi, then the transmitted EIRP will be 55/60 dBm. At UE receiver, a 3 dB interference margin, 1 dB control channel overhead and 6 dB UE noise figure are assumed. The SINR requirement for LTE with MCS 0 will be -7 dB. To maintain minimum receiver sensitivity of -94.9 dBm, the maximum affordable path loss becomes 145.9/150.9 dBm for UMi/UMa scenarios.




Table 2. LTE Link Budget Analysis for Downlink Transmission
	Transmitter – Base Station

	A
	TX power (dBm)
	41/46 for UMi/UMa

	B
	TX antenna gain (dBi)
	16

	C
	Cable loss (dB)
	2.0

	D
	EIRP (dBm)
	55/60 for UMi/UMa

	 

	Receiver – UE

	E
	UE noise figure (dB)
	6.0

	F
	Thermal noise (dBm)
	-93.9= K* T(298K)* B(100 MHz)

	G
	Receiver noise floor (dBm)
	-87.9

	H
	SINR (dB)
	-7

	I
	Receiver sensitivity (dBm)
	-94.9

	J
	Interference Margin (dB)
	3.0

	K
	Control Channel Overhead (dB)
	1.0

	L
	RX antenna gain (dBi)
	0

	

	Maximum affordable path loss (dB)
	145.9/150.9 for UMi/UMa
= D - I - J - K + L



The path loss of a LTE link consists of the following four parts:
 , where
 : Basic outdoor path loss given by the UMa or UMi path loss models
SF : Shadow fading of N(0,σ), σ is the SF standard deviation
 : Building penetration loss
 : Inside loss dependent on the depth into the building 
The main issue for the feasibility of UMa/UMi O2I deployments is the model of penetration loss. Currently, the 3GPP penetration loss is modeled as PLp=20 dB. Recent measurement results [1]-[6] show that the penetration loss increases linearly with frequency at higher frequency band.  Instead of 3GPP model, we use frequency-dependent penetration loss models in Table 1 to evaluate the link budget for UMi/UMa O2I deployments. Basic outdoor path loss PLb follows the close-in (CI) model in [7] and PLin=0.5din. In the following analysis, the depth into the building din assumes to be 15 m.
Figure 2 and 3 show the indoor UMa and UMi street canyon LOS/NLOS path losses at 15 GHz, 28 GHz and 38 GHz. The path losses are calculated by the modern wall penetration loss model in Table 1. Since the penetration loss of modern wall induces severely power degradation as the frequency increases, only the path loss at 15 GHz band could reach the requirements of maximum affordable path loss 145.9/150.9 dBm. In the case of LOS UMi street canyon, the maximum distance that UE could maintain a radio link is merely 10 m. It does not fulfill the coverage range of UMi. The bottleneck of O2I coverage range is the severe 60-150 dBm penetration loss of modern concrete wall.
Figure 4 and 5 replace the modern wall penetration loss model with modern glass model. The frequency-dependent slope of modern glass is not steep as modern wall model. We can see the UMi LOS case in Figure 5 that the covered range can be 50 m even at 38 GHz. But the covered range for UMi NLOS is not more than 30 m at 15 GHz and merely 9 m at 38 GHz frequency band. Since the modern building is composed of composite building materials, the penetration loss of modern glass can be seen as a lower bound. The actual penetration loss will be more severe in real environment. According the link budge analyses, we have the following three proposals:
Proposal 1: The penetration loss models should be carefully investigated to accommodate the complex complicated building materials.
Proposal 2: The UMi/UMa O2I scenario deployment is more suitable for lower frequency band (below 15 GHz).
Proposal 3: To deploy the UMi/UMa O2I scenario for higher frequency band (above 15 GHz), a wireless indoor relay is needed to provide an additional link budget.
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Figure 2. Path loss with PLp: modern wall model in Table 2 and PLb: CI model of UMa LoS/NLoS in [7].
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Figure 3. Path loss with PLp: modern wall model in Table 2 and PLb: CI model of UMi street canyon LoS/NLoS in [7].
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Figure 4. Path loss with PLp: modern glass model in Table 2 and PLb: CI model of UMa LoS/NLoS in [7].
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Figure 5. Path loss with PLp: modern glass model in Table 2 and PLb: CI model of UMi street canyon LoS/NLoS in [7].
Summary
[bookmark: _GoBack]In this contribution, we discussed the O2I communication issues. Based on our investigation, the following observations and proposals can be made.

Observation 1: On average, the modern window, door and wall represent an attenuation of higher 30 dB at the mmWave frequency band.
Observation 2: Materials coated or composed of metal, such as IRR glass and reinforced-concrete, have high losses even at lower frequency.
Observation 3: The penetration loss appears to increase linearly with frequency.
Proposal 1: The penetration loss models should be carefully investigated to accommodate the complex complicated building materials.
Proposal 2: The UMi/UMa O2I scenario deployment is more suitable for lower frequency band (below 15 GHz).
Proposal 3: To deploy the UMi/UMa O2I scenario for higher frequency band (above 15 GHz), a wireless indoor relay is needed to provide an additional link budget.
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