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[bookmark: dbreak]1	Introduction
Agenda item 1.13 of WRC-19 considers the identification of frequency bands between 24.25‑86 GHz for the future development of International Mobile Telecommunications (IMT). 
Resolution 238 (WRC-15) invites ITU-R to conduct sharing and compatibility studies to support eventual identification of IMT in these bands. Administrations are also invited to submit contributions to ITU-R and participate actively in these studies.
Under this scope, the modelling and simulation of IMT networks and systems for use in sharing and compatibility studies should be based on the methodology contained in Recommendation ITU-R M.2101 “Modelling and simulation of IMT networks and systems for use in sharing and compatibility studies”, under the responsibility of Study Group 5.
This information document presents an example of open-source implementation of Recommendation ITU-R M.2101 that can be used in the sharing and compatibility studies that have been conducted by Task Group 5/1. This implementation is a free software, which means that users are free to run, copy, distribute, study, change and make improvements. No sharing study is presented in this contribution, although the software can already be used to support studies between IMT and FSS, for example. Instead, IMT system modelling is briefly described and some IMT performance indicators are shown for the sake of comparison with other implementations. The tool is available on the Working Party 5D SharePoint website.
2	The open source simulation tool
In order to contribute actively with ITU-R studies, the Spectrum, Orbit and Broadcasting Division of the Brazilian National Telecommunication Agency (ANATEL) has been leading a collaborative project for the development of an open-source simulation tool called SHARC (simulator for SHARing and Compatibility studies). This is a free software that complies with the framework proposed by Recommendation ITU-R M.2101 for modelling and simulation of IMT systems. 
The focus of this simulator is the modeling of IMT systems, taking into account several characteristics of these systems such as: heterogeneous networks, antenna beamforming, distribution of base stations and user equipments, power control, resource-blocks allocation, and other parameters.
This simulation tool can be used to support sharing and compatibility studies between IMT and other radiocommunication services or systems, like fixed-satellite service (FSS), high-altitude platform system (HAPS), fixed point-to-point links, among others. 
SHARC is a free software licensed under the GNU Affero General Public License v3.0 (AGPL‑3.0), which means that the users have the freedom to run, copy, distribute, study, change and improve the software. 
The participation on the simulator development project does not require any financial commitment and so far the project has received many valuable contributions from local universities and independent entities.
The programming language that was chosen for the simulation development was Python and the source code is hosted in GitHub (https://github.com/SIMULATOR-WG/SHARC). Instructions on how to configure the development environment and run simulations are also available on simulator’s web page in GitHub.
3	Simulator development methodology
A Scrum-based methodology is adopted for the development of the software. The resources provided by GitHub platform may be used to manage the implementations of the features, to report bugs and to manage the overall software development.
In order to ensure software quality, different kinds of tests are taken, including: 
–	unit tests: classes are individually tested using the Python’s unit-test framework;
–	benchmarking of individual modules: plots are created to individually validate and verify the implementation of modules (ex.: plot and antenna pattern and compare with a reference plot that is provided by an ITU-R recommendation);
–	integration tests: once modules are individually tested and verified, their integration is tested to ensure that communication works properly. In some cases, a single snapshot of a simplified network is performed;
–	benchmarking of reference results: simulation results of SHARC can be compared with results provided by other implementations.
4	Simulation parameters 
This section presents simulation parameters for a reference urban macro scenario. This is only one of the possible scenarios that can be easily configured in the simulator through the appropriate input parameters.
4.1	Network topology
The considered network topology is urban macro, where 3-sector base stations (BS) are deployed in fixed positions on a regular grid. The user equipment (UEs) are distributed within the sector coverage area and the distance between a BS and UE is modelled by a Rayleigh distribution with scale parameter . The azimuth between them follows a normal distribution, truncated within the  range, with mean  and standard deviation . Elevation angles of user equipment are assumed to be uniformly distributed within the ±90° range. Azimuth angles that define UEs orientation range between -60° and 60° in the direction of the base station. Figure FIGURE 1 shows an example of the IMT network topology.
[bookmark: _Ref493175380]FIGURE 1 
IMT network topology
[image: ]
4.2	Antenna beamforming
Both IMT base stations and user equipments use antenna beamforming according to the model provided in Recommendation ITU-R M.2101. This model consists of several identical radiating elements in the yz-plane, having the same individual radiation pattern and with a certain separation distance. The beam direction is calculated by a weighting function. Figure 2 shows examples of 8×8 and 4×4 antenna arrays that are used by base stations and user equipment, respectively. 
[bookmark: _Ref493176769]FIGURE 2 
IMT base station and user equipment antenna patterns
[image: ]
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4.3	Simulation parameters
Table 1 summarizes the simulation parameters, including the parameters of the path loss model that was used in this case.
[bookmark: _Ref493254230]TABLE 1
Simulation parameters
[image: ]
5	Simulation results
This section presents some IMT key performance indicators for the simulation scenario described in the previous sections. These results are comparable with the ones provided by other independent implementations and previously presented in Document 5D/645, here attached.



5.1	IMT downlink results
FIGURE 3
CDF of base station antenna gain towards user equipment
[image: ]
FIGURE 4
CDF of downlink SNR
[image: ]
FIGURE 5
CDF of downlink SINR
[image: ]
5.2	IMT uplink results
FIGURE 6
CDF of user equipment antenna gain towards base station
[image: ]
FIGURE 7
CDF of user equipment transmit power
[image: ]
FIGURE 8
CDF of uplink SINR
[image: ]


[bookmark: _GoBack]6	Conclusions
This document presents an open-source implementation of Recommendation ITU-R M.2101. Since it is a free software, users have freedom to run the program as they wish, as well as study the source code and make changes. Some IMT results indicate that this simulator provides results which are comparable with the ones provided by other implementations.
Contact:	Questions about this open-source implementation can be raised to Mr. Edgar Souza (edgar@anatel.gov.br).

Disclaimer: 		this open-source implementation tool is provided “AS IS” WITH NO WARRANTIES, EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO, THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NON-INFRINGMENT OF INTELLECTUAL PROPERTY RIGHTS and neither the Developer (or its affiliates) nor the ITU shall be held liable in any event for any damages whatsoever (including, without limitation, damages for loss of profits, business interruption, loss of information, or any other pecuniary loss) arising out of or related to the use of or inability to use this tool.
______________
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Parameter

Base station |

User equipment.

System related parameters

Center frequency 26 GHz 26 GHz
Channel bandwidth 200 MHz -
Signal bandwidth 90% of channel bandwidth 90% of channel bandwidth
RB bandwidth 180 kHz 180 kHz
Noise figure 10 dB 10 dB
Path loss model Alpha-Beta-Gamma (ABG)

Alpha 3.4

Beta 19.2

Gamma 2.3

5 (shadowing) 6.5

Deployment related parameters

Network layout Macrocell NOTE (1)
Indoor percent 0% 5%
Frequency reuse 1 -
Active UE's per sector - 3
Macrocell ISD 150 m -
Coverage angle 120°
Azimuth angle 60°, 180°, 300° -60° to 60°
Elevation angle -10° -90° to 90°
Height 6m 15m
Network loading factor 50 % 50 %
Antenna type Beamforming Beamforming

Element gain 5dBi 5 dBi

Element horiz. f545; 65° 90°

Element vert. #345 65° 90°

Front-to-back ratio 30 dB 25 dB

Num. elements 8x8 x4

Horiz. element spacing 0.5\ 05\

Vert. clement spacing 0.5\ 05\
Array Ohmic loss 3dB 3dB
Body loss 0dB 1dB
Power per ant. element 10 dBm/200 MHz -
Uplink power control - Yes

Pemax - 22 dBm

Po_puscu - -95 dBm

a 10

(1) Distance from BS to UE modeld by Rayleigh random variable and relative angle modelled
by Normal random variable according to Annex 1 to Document 5-1/92-E





image6.emf
R15-WP5D-C-0645!! MSW-E[1].docx


R15-WP5D-C-0645!!MSW-E[1].docx
- 19 -

5D/645-E

		Radiocommunication Study Groups

		[bookmark: ditulogo][image: ]



		

		



		

		



		[bookmark: recibido][bookmark: dnum]Received:	6 June 2017

		Document 5D/645-E



		[bookmark: ddate]

		8 June 2017



		[bookmark: dorlang]

		English only



SPECTRUM ASPECTS



		[bookmark: dsource]Intel Corporation, Telefon AB-LM Ericsson, Nokia Corporation, 
Samsung Electronics Co. Ltd.



		[bookmark: drec]EXAMPLE IMPLEMENTATIONs OF THE METHODOLOGY 
CONTAINED IN RECOMMENDATION ITU-R M.2101



		[bookmark: dtitle1]





[bookmark: dbreak]Introduction

WRC-19 agenda item 1.13 considers identification of frequency bands for the future development of International Mobile Telecommunications (IMT), including possible additional allocations to the mobile service on a primary basis, in accordance with Resolution 238 (WRC-15).

Resolution 238 (WRC-15) invites the ITU-R to conduct the appropriate sharing and compatibility studies. 

Study Group 5 has adopted Recommendation ITU-R M.2101 to describe the modeling and simulation of IMT networks and systems for use in sharing and compatibility studies.

This contribution provides a description and results of up to four independent implementations of the simulation methodology contained in Recommendation ITU-R M.2101. The results are intended to allow comparison with other implementations with the goal of validating the various simulation software packages. This contribution provides initial results and further contributions on results from additional implementations of the model are invited.

Proposal

WP 5D is kindly invited to make use of the material in the Attachment of this contribution in dissemination of information on Recommendation ITU-R M.2101 methodology in any appropriate form they see fit. It is important to note that this paper does not present a sharing study, but rather example implementations of the methodology contained in the Recommendation ITU-R M.2101 for validation purposes. 
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Example implementations of the methodology contained 
in Recommendation ITU-R M.2101



Introduction

WRC-19 agenda item 1.13 considers identification of frequency bands for the future development of International Mobile Telecommunications (IMT), including possible additional allocations to the mobile service on a primary basis, in accordance with Resolution 238 (WRC-15).

Resolution 238 (WRC-15) invites the ITU-R to conduct the appropriate sharing and compatibility studies need to address the possible identification of IMT in certain bands.

Study Group 5 has developed Recommendation ITU-R M.2101 to describe the modeling and simulation of IMT networks and systems for use in sharing and compatibility studies.

This contribution provides a description and results of up to four independent implementations of the simulation methodology contained in Recommendation ITU-R M.2101.  The results are intended to allow comparison with other implementations with the goal of validating the various simulation software packages. The differences in implementations are due to minor differences in aspects where Recommendation ITU-R M.2010 allows differences in implementation. For instance, geographic distribution of UEs in the network and how it is implemented in the simulations could have some impact on the intermediate results.

Implementation of the methodology contained in Recommendation ITU-R M.2101 for validation purposes

This paper does not present a sharing study. The example implementations of the methodology contained in Recommendation ITU-R M.2101 presented here addresses the performance of IMT uplinks and downlinks for an urban macro deployment.  The results are presented as a cumulative distribution function (CDF) for selected link performance metrics. These CDF curves could be used for the purpose of verification of simulations by users wishing to implement the methodology provided in Recommendation ITU-R M.2101. 

The simulation methodology implementation presented in this paper is structured as follows:

1. Assign simulation parameters such as the IMT environment and topology, and the assumed propagation models.

2. Assign system characteristics.

3. Define IMT base stations (BS) deployment positions based on the IMT topology under consideration.

4. Distribute a sufficient number of user equipment (UE) stations randomly throughout the system deployment area.

5. Assign indoor IMT BS and UE stations, if applicable.

6. Determine IMT BS and UE stations pointing vectors.

· For antennas using fixed pointing (e.g., IMT BS), the pointing vector is determined from the specified azimuth and elevation angles.

· For antennas using random pointing (e.g., IMT UE), the pointing vector can be in any orientation within a specified range of angles.

7. Define all possible links between IMT BS and UE stations, and compute the associated propagation and coupling losses.

· Determine the angle from the BS pointing direction to the UE station.

· Transform vector from BS to UE into local coordinate system to compute the azimuth and elevation components of the BS station pointing.

· Determine the angle from the UE pointing direction to the BS station.

· Transform vector from UE to BS into local coordinate system to compute the azimuth and elevation components of the UE station pointing.

· Compute off-axis gains.

· Compute propagation loss.

· Determine IMT path building losses for indoor devices.

· Compute coupling loss.

8. Find all viable IMT UE to BS links (i.e., links that meet the required minimum SINR) that are within the minimum coupling loss plus the handover margin.

9. Define the interfering station position and pointing vectors. (Note that this step is included in the methodology, but no interfering station is considered in the example calculations present here.)

10. Determine adjacent channel interference ratio (ACIR), if applicable (refer to section 3.2.3 of ITU-R M.2101.

11. For each “snapshot”, repeat the remaining steps:

12. Randomly assign the required number of IMT links from all viable links.

13. Assign active IMT links based on IMT base station loading factor.

14. Apply power control for IMT user equipment transmitters (refer to section 4 of Recommendation ITU-R M.2101).

15. For each active link, repeat the following steps.

16. Compute IMT carrier receive power density.

17. Compute IMT intra-system interference.

18. Determine pointing vectors and angles between interfering transmit and wanted receive stations (using essentially the same methodology as described in the first four bullets of step 7 above, but with respect to the interfering transmitter and the wanted receiver).

19. Compute off-axis gains.

20. Compute propagation loss.

21. Determine interfering path building and clutter losses, as applicable.

22. Compute interference carrier power density.

23. Collect results.

24. Compute other performance and interference measures.

Again, note that although steps 18 through 24 are part of the simulation methodology, no external interference calculations are included in the example implementations addressed herein.

For this sample calculation, a fixed value of 20 dB was used for the building loss applicable to indoor devices. Clutter loss is inherent in the propagation model used.




Simulation parameters

The simulation parameters used for these example implementations are shown in Table 1.

Table 1

Simulation parameters

[image: ]



IMT base station and user equipment characteristics

The IMT characteristics assumed for this paper are shown in Table 2.

Table 2

IMT base station and user equipment characteristics

[image: ]



The IMT network deployment modeled in this example (urban macro) is illustrated in Figure 1.  Nineteen cells are arranged in a hexagonal pattern with each cell consisting of three sectors.  An IMT base station is located at the center of each cell and operates with a 3-sector antenna.  Each antenna serves a single sector covering 120 degrees of the cell. 

Figure 1

IMT network layout

[image: ]



The IMT stations use beamforming antennas based on an antenna array and consists of a number of identical radiating elements located in the yz-plane with a fixed separation distance (e.g. λ/2), all elements having identical radiation patterns and “pointing” (having maximum directivity) along the x-axis.  A weighting function is used to direct the beam in various directions. Total antenna gain is the sum (logarithmic scale) of the array gain and the element gain. This model is described below.

The θ and φ definition is based on the coordinate system are illustrated in Figure 2.

Figure 2

Array antenna model geometry
(θ: elevation, range from 0 to 180 degree; φ: Azimuth, range from -180 to 180 degree)

[image: ]

The radiation elements are placed uniformly along the vertical z-axis in the Cartesian coordinate system. The x-y plane denotes the horizontal plane. The elevation angle of the signal direction is denoted as θ (defined between 0° and 180°, with 90° representing perpendicular angle to the array antenna aperture). The azimuth angle is denoted as φ (defined between -180° and 180°).

The array antenna model is determined by array element pattern, array factor and signals applied to the array system. The element pattern and composite antenna pattern are described in Tables 3 and 4.

Table 3

Element pattern for antenna array model

		Horizontal Radiation Pattern

		





		

Horizontal 3dB bandwidth of single element / deg ()

		Input parameter



		Front-to-back ratio: Am and SLAv

		Input parameter



		Vertical Radiation Pattern  

		

 dB



		

Vertical 3dB bandwidth of single element / deg ()

		Input parameter



		Single element pattern

		





		Element Gain (dBi), GE,max

		Input parameter





Table 4

Composite antenna pattern

		Configuration

		Multiple columns (NV × NH elements)



		

Composite array radiation pattern in dB 

		For beam i:





the super position vector is given by:





the weighting is given by:







		Antenna array configuration (Row × Column)

		Input parameter



		Horizontal radiating element spacing d/ λ

		Input parameter



		Vertical radiating element spacing d/λ

		Input parameter



		Down-tilt angle (deg)

		Input parameter







Using this description of the array antenna result in the following patterns for a scan direction along the antenna boresight (i.e., normal to the array) using input parameters shown in Table 2.

Figure 3A

IMT base station antenna pattern

[image: ] [image: ]

Figure 3B

IMT user equipment antenna pattern

[image: ] [image: ]



It is important to note that the scan angle (azimuth and elevation) and the off-axis angle (azimuth and elevation) are relative to the coordinate system of the array antenna, and not the Earth-centered coordinate system.

IMT throughput parameters

The calculation of throughput for the IMT system is described in Document 5-1/36 (applicable section is included as Annex 1).

Table 5

IMT throughput parameters

[image: ]



Propagation model

The propagation model used in this example implementation is a non-line-of-sight model here referred to as the ABG model (please see Annex 2).

Table 6 summarizes the propagation model parameters used in this analysis.

Table 6

Propagation models

[image: ]

Results

The following plots show the distribution of various IMT uplink performance measures including:

· Gain of the BS toward the UE

· UE TX Power

· Downlink C/N

· Downlink C/(N+Iintra-system)

· Uplink C/(N+Iintra-system).

Each figure shows the results from up to four independent software implementations.

Figure 4

BS to UE gain

[image: ]

Figure 5

UE TX power (Uplink Power Control)

[image: ]

Figure 6

Uplink C/(N+Iintra-system)

[image: ]






Figure 7

Downlink C/N

[image: ]

Figure 8

Downlink C/(N+Iintra-system)

[image: ]





Conclusions

This paper presents up to four independent example implementations of the methodology contained in Recommendation ITU-R M.2101.  Results from these sample calculations are intended to allow comparison with other implementations with the goal of validating the various simulation software packages.






Annex 1

Throughput of IMT system

(Excerpt from Document 5-1/36)



SINR operating range and mapping function

The following equations approximate the throughput over a channel with a given SINR, when using link adaptation:



where:

	S(SINR)	Shannon bound, S(SINR) =log2(1+SINR) (in bps/Hz);

		Attenuation factor, representing implementation losses;

	SINRMIN	Minimum SINR of the code set, dB;

	SINRMAX	Maximum SINR of the code set, dB.

[bookmark: OLE_LINK2][bookmark: OLE_LINK1]The parameters α, SINRMIN and SINRMAX can be chosen to represent different modem implementations and link conditions. The parameters proposed in Table 9 represent a baseline case, which assumes: 

–	1:1 antenna configurations

–	AWGN channel model 

–	Link Adaptation (see table 9 for details of the highest and lowest rate codes)

–	No HARQ.

Table 1

Parameters describing baseline Link Level performance for 5G NR

		Parameter 

		DL 

		UL 

		Notes 



		α

		0.6

		0.4

		Represents implementation losses



		SINRMIN, dB

		–10

		–10

		Based on QPSK, 1/8 rate (DL) & 1/5 rate (UL)



		SINRMAX, dB

		30

		22

		Based on 256QAM 0.93(DL) & 64QAM 0.93 (UL)







[bookmark: _Toc454254834]
Annex 2

ABG propagation model

(Excerpt from “5G Channel Model for bands up to 100 GHz”, Revised version 2.0, March 2016) 

(Source: http://www.5gworkshops.com/5GCM.html)
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Parameter Downlink (BS -> MS) Uplink (MS -> BS)


Value Value


Throughput


Attenuation factor (alpha) 0.6 0.4


Minimum SINR -10 dB -10 dB


Maximum SINR 30 dB 22 dB
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Parameter Urban Macro


Terrestrial Path Propagation


Model ABG


Alpha 3.4


Beta 19.2


Gamma 2.3


Sigma (with shadowing) 6.5


Sigma (no shadowing) 0
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6.2 Path loss models

To adequately assess the performance of 5G systems, multi-frequency path loss (PL) models, LOS
probability, and blockage models will need to be developed across the wide range of frequency bands
and for operating scenarios. Three PL models are considered in this white paper; namely the close-in
(CI) free space reference distance PL model [Andersen 1995][Rappaport 2015][SunGCW2015], the
close-in free space reference distance model with frequency-dependent path loss exponent (CIF)
[MacCartney 2015], [Haneda 2016] and the Alpha-Beta-Gamma (ABG) PL model [Hata 1980]
[Piersanti ICC2012][ [MacCartney GC2013] [MacCartney 2015] [Haneda 2016]. These models are
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described in the following text and are then applied to various scenarios. Note that the path loss
models currently used in the 3GPP 3D model is of the ABG model form but with additional
dependencies on base station or terminal height, and with a LOS breakpoint. It may also be noted that
the intention is to have only one path loss model (per scenario and LOS/NLOS) but that the choice is
still open for discussion.

Table 6 shows the parameters of the CI, CIF, and ABG path loss models for different environments
for omni-directional antennas. It may be noted that the models presented here are multi-frequency

models, and the parameters are invariant to carrier frequency and can be applied across the 0.5-100
GHz band.

The CI PL model is given as [Rappaport 2015][MacCartney 2015] [SunGCW2015]

PLY(f, d)[dB] = FSPL(f.1 m) + IOnlogm(%] + X, @

where fis the frequency in Hz, n is the PLE, d is the distance in merers, XS’ is the shadow fading

(SF) term in dB, and the free space path loss (FSPL) at 1 m, and frequency /' is given as:

FSPL (f.1m) =20 1@,0[%), ©6)
where ¢ is the speed of light.
The ABG PL model is given as :
PLY% (f.d)[dB] =10clogy (d)+ 5 ) -

+107log,y (f)+ X2
where ¢ captures how the PL increase as the transmit-receive in distance (in meters) increases, S is a
the floating offset value in dB, y captures the PL variation over the frequency fin GHz,, and X 25¢

is the SF term in dB.
The CIF PL model is an extension of the CI model, and uses a frequency-dependent path loss
exponent given by:

PL (f.d)[dB]=FSPL(f.1 m)+10n[1 +b[@J]1ogm(i)+X§’” ©

o 1m

where n denotes the path loss exponent (PLE), and b is an optimization parameter that captures the
slope, or linear frequency dependency of the path loss exponent that balances at the centroid of the
frequencies being modeled (e.g., path loss increases as f increases when b is positive). The term f; is a
fixed reference frequency, the centroid of all frequencies represented by the path loss model, found as
the weighed sum of measurements from different frequencies, using the following equation:
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where K is the number of unique frequencies. and N; is the number of path loss data points
corresponding to the & frequency f;. The input parameter f; represents the weighted frequencies of
all measurement (or Ray-tracing) data applied to the model. The CIF model reverts to the CI model
when b = 0 for multiple frequencies. or when a single frequency f = f; is modelled. For InH. a
dual-slope path loss model might provide a good fit for different distance zones of the propagation
environment. Frequency dependency is also observed in some of the indoor measurement campaigns
conducted by co-authors. For NLOS, both a dual-slope ABG and dual-slope CIF model can be
considered for 5G performance evaluation (they each require 5 modelling parameters to be optimized),
and a single-slope CIF model (that uses only 2 optimization parameters) may be considered as a
special case for InH-Office [MacCartney 2015]. The dual-slope may be best suited for InH-shopping
mall or large indoor distances (greater than 50 m). The dual slope InH large scale path loss models are
as follows:

fo= 10)

Dual-Slope ABG model :

@, *10logy (d) + B, + 7 *10log10(f) 1<d<dg
PLzG ()= @, *10log, (d ) + B, + 7 *10logl O(f) + &, * 1olog,,,(di) d>dg an
>
Dual-Slope CIF model:
FSPI(f,Im)+l(ln,[1+bl[/;n/n Hlogm(%) 1<d<dg 12

PLS ()=

FSPI(f,lm)+l(]n,[l+b‘l/;n/“ ]]10,;,‘,(‘::)“0’.211»1‘ f;af" ]]lugm(di) d>dgp

In the CI PL model. only a single parameter. the path loss exponent (PLE). needs to be determined
through optimization to minimize the SF standard deviation over the measured PL data set
[SunGCW2015] [Sun VTCS2016] [Rappaport2015]. In the CI PL model there is an anchor point that
ties path loss to the FSPL at 1 m, which captures frequency-dependency of the path loss, and
establishes a uniform standard to which all measurements and model parameters may be referred. In
the CIF model there are 2 optimization parameters (n and b). and since it is an extension of the CI
model, it also uses a 1 m free-space close-in reference distance path loss anchor. In the ABG PL
model there are three optimization parameters which need to be optimized to minimize the standard
deviation (SF) over the data set. just like the CI and CIF PL models [MacCartney2015][Sun
VTCS2016]. Closed form expressions for optimization of the model parameters for the CL CIF. and
ABG path loss models are given in [MacCartney 2015]. where it was shown that indoor channels
experience an increase in the PLE value as the frequency increases. whereas the PLE is not very
frequency dependent in outdoor UMa or UMi scenarios [Rappaport 2015].[SunGCW2015].[Thomas
VTCS2016].[Sun VTCS2016]. The CL CIF, and ABG models, as well as cross-polarization forms
and closed-form expressions for optimization are given for indoor channels in [MacCartney 2015].
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Table 6. CI, CIF and ABG model parameters for different environments

Scenario CUCIF Model ABG Model Parameters
Parameters
UMa- LOS 1=2.0,05s=4.1dB NA
UMa-nLOS 1=3.0. 05~ 6.8 dB a=3.4. B=19.2. y=2.3. Osr = 6.5
dB

UMi-Street n=2.1, 0y =3.76 dB NA
Canyon-LOS
UMi-Street n=3.17. o5y = 8.09 dB 0=3.53. p=224. y=2.13. O =
Canyon-nLOS 7.82 dB
‘UMi-Open Square-LOS 1n=1.85. oz =4.2 dB NA
UMi-Open n=2.89, 0z =7.1 dB a=4.14, p=3.66, =243, o =
Square-nLOS 7.0 dB
InH-Indoor Office-LOS n=1.73. 0 =3.02dB NA
WH-Indoor 1n=3.19, b=0.06. fo=24.2 0=3.83. p=17.30.y=2.49. 05 = 8.03
Office-nLOS single GHz. 05 =8.20 dB aB
slope (FFS)

InH-Indoor-Office nLOS n,=2.51. b,=0.12. f=24.1 a;=1.7. B;=33.0. y=2.49. dgp = 6.90

dual slope GHz, 1,74.25, b,=0.04, dgp = mo,=4.17. o =7.78 dB
7.8 m. 0g=7.65 dB

InH-Shopping Malls-LOS 1n=1.73, 0z =2.01 dB NA

InH-Shopping Malls-nLOS 1=2.59. b=0.01. f;=39.5 a=3.21. p=18.09. y=2.24. 0z = 6.97
single slope (FFS) GHz, 0z =7.40 dB dB

InH-Shopping Malls-nLOS | n,=2.43, b;=-0.01. f,=39.5 0;=2.9. $;=22.17.y=2.24. dgp =

dual slope GHz. 1,=8.36. b,=0.39. dgp = 147.0 m 0,=11.47. 05 = 6.36 dB
110 m. osr = 6.26 dB

Note: the parameters of ABG model in the LOS conditions are not mentioned for the UMa and UMi
scenarios because the o is almost identical to the PLE of the CI model. and also y is very close to 2.
‘which indicates free space path loss with frequency. and this is modelled in both the CI and CIF
models within the first meter of free space propagation.
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Parameter Value


IMT Deployment


Environment Urban


Topology Macro


Interference mode Co-channel


IMT Path Propagation


Model ABG - no shadowing


Building loss (mean / sigma / min / max) 20 / 0 / 20 / 20 dB




image3.emf

Parameter IMT Base Station IMT User Equipment


System related parameters


Transmitter


Frequency 26 GHz 26 GHz


Channel bandwidth 200 MHz -


Signal bandwidth factor 0.9 0.9


ACLR 27.5 dB 17.0 dB


Receiver


Noise figure 10 dB 10 dB


ACS 23.5 dB 22.5 dB


Throughput parameters Table 3 Table 3


Deployment characteristics


Percent indoor 0 % 5 %


Height 6 m 1.5 m


Number of sectors 3 -


Number of UEs per sector - 3


Network loading factor 50 % 50 %


Gain pattern Array Array


Element gain 5 dBi 5 dBi


Element horizontal 3 dB beamwidth 65 deg 90 deg


Element vertical 3 dB beamwidth 65 deg 90 deg


Element front-to-back ratio 30 dB 25 dB


Element vertical sidelobe attenuation 30 dB 25 dB


Array elements (row x column) 8 x 8 4 x 4


Array horizontal element spacing 0.5 0.5


Array vertical element spacing 0.5 0.5


Feed loss 3 dB 3 dB


Conducted power 10 dBm -


Coverage angle 120 deg -


Number of cells 19 -


Cell radius 100 m -


Deployment scenario Macro Uniform 


Azimuth angle 60, 180, 300 deg -60 to 60 deg


Elevation angle -10 deg -90 to 90 deg


Body loss 0 dB 4 dB


Power control


P_CMAX - 22 dBm


P_0_PUSCH - -95 dBm


Alpha - 1.0


Resource block noise bandwidth - 200 kHz


Handover margin - 3 dB
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