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[bookmark: _Ref129681832]Introduction
In 3GPP RAN1 #85 meeting, lots of evaluation parameters for eMBB usage scenarios were determined [1]. It was agreed that for dense urban and urban macro scenarios, 20% users are located outdoors while 80% are located indoors. Since a large part of users are located indoors while the base stations in these scenarios are typically deployed outdoors, it is quite necessary to take the outdoor to indoor (O2I) penetration loss into account especially for system level performance evaluation.
In the meanwhile, the study on channel model for high frequency, i.e., above 6GHz, was finished in last meeting, in which a new outdoor to indoor penetration loss model was introduced in TR 38.900 [2]. This model is highly material and frequency dependent, in which different materials such as standard mutli-pane glass, infrared reflective (IRR) glass, concrete and wood were studied. In order to facilitate the application of this new model, two mixed penetration loss models were proposed, i.e., low-loss model (30% standard glass + 70% concrete) and high-loss model (70% IRR glass + 30% concrete). It was agreed that both low-loss and high-loss models are applicable to UMa and UMi-street canyon scenarios, however, the specific ratio of these two models for high frequency evaluation are still under discussion.
Furthermore, in [2], spatial consistency model to describe the correlation of propagation features for two adjacent users was agreed. Therefore, if two users are close enough to each other, they should have the same outdoor/indoor and high-/low-loss state. 
In this paper, we plan to discuss the building material distribution in dense urban and urban macro scenarios, then derive the mixed ratio of high-/low-loss model for indoor users in order to assist the performance evaluation of high frequency related technologies, and then propose an alternative to determine the penetration loss model for each indoor user in a spatial consistent way. 

Revisit of outdoor to indoor penetration loss models for above 6GHz
In [2], the O2I penetration loss model was further refined as three parts: the building penetration loss through the external wall (PLtw), the inside loss (PLin) dependent on the depth into the building and the standard deviation for the penetration loss (σP). 
PLtw is characterized as:



 is an additional loss is added to the external wall loss to account for non-perpendicular incidence;


, is the penetration loss of material i, example values of which can be found in Table 1. pi is proportion of i-th materials, where ; and N is the number of materials.
[bookmark: _Ref445048671][bookmark: _Ref445048576]Table1 Material penetration losses
	Material
	Penetration loss [dB]

	Standard multi-pane glass
	

	IRR glass
	

	Concrete
	

	Wood
	

	Note: f is in GHz



Table 2 gives PLtw, PLin and σP  for two O2I penetration loss models. The O2I penetration is UT-specifically generated, and is added to the SF realization in the log domain.
[bookmark: _Ref445049023]Table2 O-to-I penetration loss model
	 
	Path loss through external wall:  [dB]
	Indoor loss:  [dB]
	Standard deviation: σP  [dB]

	Low-loss model
	

	0.5d2D-in
	4.4

	High-loss model
	

	0.5d2D-in
	6.5



From [3] we can see that many high-rise buildings are designed with floor-to-ceiling view glass in occupied spaces, resulting to an overall window-to-wall ratio (WWR) of 69%. Furthermore, from [2] the use of high-loss glass currently appears to be more predominant in commercial buildings than in residential buildings in some regions of the world, thus we can use high-loss model to help describe the penetration loss feature of signals through the external wall of commercial buildings. On the other hand, for the low-rise buildings such as residential ones, WWR of 20% and 40% are considered in [3], then we could use low-loss model for these residential buildings.
[bookmark: OLE_LINK1]Discussion on penetration loss model ratio
A deployment scenario usually denotes a category of environment where similar propagation features, buildings proportion, BS deployment and UE distribution may exist. Here, we focus on a certain area, e.g., a community district, to study the proportion of buildings and its impact on the penetration loss model ratio. Note that typically there are many different kinds of buildings in a community district, thus in order to simplify the analysis, we consider only two kinds of buildings, i.e., commercial and residential ones. If we can get the overall areas of two different buildings and the related user densities, then we can get the total number of users in each kind of buildings. Since users in different kinds of buildings will experience different penetration loss model, then we can derive the ratio of each model by measure the proportion of users in each kind of buildings. 
Here we focus on two typical eMBB related deployment scenarios, i.e., dense urban and urban macro. Usually the main types of communities in urban areas can be a metropolitan area (population usually over 1million) or a city (population over 100 thousands) [4]. We try to use some city or even district to represent the above scenarios, and found that Manhattan blocks might be a good choice. On one hand, Manhattan is the most densely populated borough of New York City, whose population is estimated to be 1.6 million [5]. On the other hand, Manhattan Island is loosely divided into Downtown, Midtown and Uptown, which have quite different layouts. To be specific, we choose a downtown in Manhattan, i.e., community district 1 [6] to denote the typical dense urban scenarios, as the population density is about 1.56*104 persons squared kilometers, and most high-rise buildings are deployed which leads to the densely deployment of base stations. While for urban macro scenario, we choose Manhattan community district 6 [7] as the building number and area are obviously reduced. 
	
[image: ]    [image: ]
Figure1 Profile of Manhattan community district 1 (left) and Manhattan community district 6 (right)

Based on the mentioned methodology and statistics, we can derive the ratio of commercial buildings in dense urban and urban macro deployment scenarios in the following table. 
Table3 Proportion of commercial buildings in dense urban and urban macro scenarios
	Area (square foot)
	Dense urban
	Urban macro

	1-2 family residential
	45.0 
	415.2 

	multi-family residential
	1983.2 
	6064.2 

	mixed residential/commercial
	3384.9 
	8049.2 

	Commercial/office
	8379.8 
	3731.2 

	Institutions
	10233.3 
	4413.0 

	Total commercial building
	20305.6 
	12168.8 

	Total residential building
	3720.7 
	10504.0 

	Commercial building ratio
	0.8 
	0.5 



Note that for the mixed residential/commercial buildings, we assume they are half-to-half for each type. In addition, we take institutions as a kind of commercial buildings as typically energy efficient glass is largely used in them. From the table we can see that for dense urban scenario, commercial buildings dominates the proportion of total buildings (e.g., about 80%), while for urban macro scenario, the ratio of commercial buildings decreases (e.g., about 50%).

Proposal1: For dense urban deployment scenario, the ratio of high-loss penetration model and low-loss penetration model is 80% and 20%, respectively.
Proposal2: For urban macro deployment scenario, the ratio of high-loss penetration model and low-loss penetration model is 50% and 50%, respectively.

Spatial consistency of penetration loss model
In [2], the procedure of spatial consistency model was introduced, and it would impact the distribution of users located outdoors/indoors. For example, if spatial consistency is disable, two users would have independent state of outdoors/indoors, no matter how close they are located together, which obviously is impractical. On the contrary, if spatial consistency is enabled, two adjacent users would have quite similar location states. This is achieved with the specific random number generation procedure provided in [8].
[image: ] [image: ]
Figure2 Distribution of outdoor/indoor UEs without(left)/with(right) spatial consistency
From Figure2 we can see that if spatial consistency is not applied, users would experience independent location types as shown in the left figure. However, if spatial consistency is taken into account, adjacent users would have the same location type in most cases.
  
Proposal3: Use spatial consist uniform random variables with correlation distance of 50m as an alternative to determine the location types (indoor/outdoor) of users.

Furthermore, if two indoor users are located close to each other, they should also experience similar outdoor to indoor penetration loss, especially for the external wall. Thus it is reasonable to introduce the spatial consistency of penetration loss model for indoor users. We could reuse the procedure to generate spatial consist uniform random variables to determine the penetration loss model types for each indoor user. The impact of spatial consistency on the distribution of penetration loss models are vividly shown in Figure3.
[image: ] [image: ]
Figure3 Distribution of mixed penetration loss models without(left)/with(right) spatial consistency
Proposal4: Use spatial consist uniform random variables with correlation distance of 50m as an alternative to determine the penetration loss model types (high-/low-loss) of indoor users.

Conclusions
In this paper, we discussed the building material distribution and mixed ratio of high-/low-loss models in dense urban and urban macro scenarios for high frequency. Based on the analysis, the following proposals are drawn.
Proposal1: For dense urban deployment scenario, the ratio of high-loss penetration model and low-loss penetration model is 80% and 20%, respectively.
Proposal2: For urban macro deployment scenario, the ratio of high-loss penetration model and low-loss penetration model is 50% and 50%, respectively.
Proposal3: Use spatial consist uniform random variables with correlation distance of 50m as an alternative to determine the location types (indoor/outdoor) of users.
Proposal4: Use spatial consist uniform random variables with correlation distance of 50m as an alternative to determine the penetration loss model types (high-/low-loss) of indoor users.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424][bookmark: _Ref409101664][bookmark: _Ref412961601]References
[bookmark: _Ref454994589][bookmark: _Ref454994342][bookmark: _Ref445731601][bookmark: _Ref444940176][bookmark: _GoBack]3GPP TR 38.802, “Study on New Radio Access Technology Physical Layer Aspects”, v0.0.3, Jun. 2016.
3GPP TR 38.900, “Channel model for frequency spectrum above 6 GHz”, v2.0.0, Jun. 2016.
Matthew Leach, Chad Lobato, Adam Hirsch, etc., “Technical support document: strategies for 50% energy savings in large office buildings”, Sept. 2010.
https://en.wikipedia.org/wiki/Developed_environments
https://en.wikipedia.org/wiki/Manhattan
http://www1.nyc.gov/site/planning/community/community-portal-1.page?cd=mn01
http://www1.nyc.gov/site/planning/community/community-portal-1.page?cd=mn06
[8]    3GPP RAN1 R1-161622, “Spatial consistency modeling in drop based model”, Intel Corporation, Ericsson, Huawei, HiSilicon, Nokia Networks, Samsung, AT&T, CMCC, KT Corporation, NTT DOCOMO, Qualcomm, Mar. 2016.
image2.wmf
npi

PL


oleObject2.bin

image3.wmf
f

b

a

L

i

material

i

material

i

material

×

+

=

_

_

_


oleObject3.bin

image4.wmf
1

1

=

å

=

N

i

i

p


oleObject4.bin

image5.png
ict Profile

MANHATTAN COMMUNITY DISTRICT 1

TOTAL POPULATION 1990 2000 2010
25366 3440 60978

- »1 M2

VITAL STATISTICS

Births: Number
Rate per 1000

Deaths: Number
Rate per 1000

Infant Mortalty: Number
Rate per 1000

INCOME SUPPORT

Cash Assistance (TANF)

Lots  Sq.Ft(oo0) %

2 450
81 19832
a9 33u9
48 83198
3192

2 43
68 102333





image6.png
ict Profile

MANHATTAN COMMUNITY DISTRICT 6

TOTAL POPULATION 1990 2000

2010

133748 136152

- 18

VITAL STATISTICS

102745

[t

Births: Number
Rate per 1000

Deaths: Number
Rate per 1000

Infant Mortalty: Number
Rate per 1000

INCOME SUPPORT

Cash Assistance (TANF)
Supplemental Seurity ncome.
Medicaid Only

Total Persons Assisted

TOTAL LAND AREA

1-2 Famiy Residentl
Malt-Family Residental
Mied Resd./ Commercial
‘Commercial/ Office
Industial
Transportation / Ublty
Instiubons

Open Space / Recreation
Parking Faciites
Vacant Land
Miscelaneous

Total

Lots  Sq.Ft(o00) %
2 452 16
108 60642 231
7% 80482 306
o 3B
7 a2
40 1820
A2 44130
] 914 34
%92 10
% 699 27
6 us 02

278 262111





image7.png
Distribution of outdoor/indoor UEs without spatial consistency
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Distribution of UEs of mixed penetration loss models without spatial consistency
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