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[bookmark: dbreak]1	Introduction
[bookmark: _Ref345683987]In the following, the tool for the implementation of the methodology to determine global spectrum requirements for IMT in Recommendation ITU-R M.1768-1 is presented[footnoteRef:1]. This methodology and tool could also be used to estimate the total IMT spectrum requirements of a specific country if all the input parameter values are specified (as described in the methodology itself). [1:  	The user guide also contains a section that identifies sensitivities related to the application of the methodology, which should be kept in mind when using the tool.] 

2	Methodology flow and calculation steps
Use of the software tool
The methodology of estimating the spectrum requirements for IMT is implemented in MS Excel as a Spectrum Calculator tool to facilitate its use. The tool is available on the ITU-R WP 5D web-page for users with TIES accounts.
The tool consists of 27 worksheets and seven modules of macros. The worksheets present input parameter values, intermediate calculation results obtained from worksheet calculations and macro calculations, and the final spectrum requirements. The tool is executed from its opening sheet called “Main”, which is the core of the tool.
Figure 1 shows the relationship between the methodology flow chart and the corresponding worksheets in the “Spectrum Calculator” tool as well as the different input parameters to the methodology calculation steps. The worksheets with a grey background colour in Figure 1 denote the locations in the tool where the input parameter values are inserted. The worksheets with a white background colour in Figure 1 are where the actual calculation is implemented including intermediate calculation results.
Figure 1
Input parameters, methodology flow chart and corresponding worksheets 
in the “Spectrum Calculator” tool 


A graphical description of the functioning of the tool is summarized in the attachment below.




In the following sub-sections, a quick guide to the spectrum requirement estimation tool and its use is presented.
1)	Enable macros
Macros need to be enabled in order to run the calculations. Many of the calculation algorithms are implemented with macros including for example, traffic calculation and distribution, and capacity calculation which correspond to Steps 2-5 in Figure 1.
2)	Ensure that all required input parameter values are inserted into correct worksheets in the tool
The spectrum requirement estimation methodology uses a number of market/traffic and radio‑related input parameters that need specific values in the calculation. Before using the tool, all relevant input parameter values need to be inserted into the relevant worksheets of the tool. Market/Traffic related input parameters are inserted into worksheets “Market-Setting”, “RATG‑DistRatio-Input”, “SE-Input” and “SCategory-Input”. Radio-related input parameters are inserted into worksheets “Main”, “RATG1&2Def-Input”, “RATGEff-Input” and “RATG3&4 Def‑Input”.
3)	Press “Run All” button in the front sheet “Main”
The tool is run by using the “Run All” button in the front sheet “Main” which conducts the following calculation steps:
–	resets old values;
–	reads input parameter values and calculates overall traffic demand (Steps 2-3 in Figure 1);
–	distributes traffic to the different RATGs (Radio Access Technology Group) and radio environments (Step 4);
–	calculates distributed traffic of RATGs 1 and 2 (Step 4);
–	calculates required capacity for reservation-based and packet-based traffic for
 RATGs 1 and 2 (Step 5);
–	calculates intermediate spectrum requirements (Step 6); and
–	applies necessary adjustment to obtain the final spectrum requirement estimates for 
IMT systems in 2020 (Steps 7-9).
4)	Final results: spectrum requirements of RATG 1 and RATG 2 in 2020
After the calculations are done using the “Run All” button in the opening sheet (“Main”), the final spectrum requirements of RATG 1 and RATG 2 in 2020 are shown in the “Output” box below the calculation buttons. The final spectrum requirements are calculated in the last worksheet “Adjs&AggSpectrum” from which they are copied to the “Main” sheet.
5)	Separate calculations need to be run for different settings
The calculations will need to be run separately for lower and higher user density settings. For separate calculations, the appropriate market setting parameters in the worksheet “Market-Setting” need to be changed.


3	Sensitivities related to the application of the methodology
The tool consists of two parts:
–	a framework for the input parameters (market, service category, radio and other parameters) used in the methodology which are based on the year 2020;
–	the methodology itself (the validity of which is not limited in time).
As a consequence, the tool provides an estimate of spectrum requirements for the year 2020. 
It should be recognised that methodology is general in nature and that the chosen values for a number of the input parameters are interdependent. Therefore the spectrum requirements output from the tool are sensitive to the resultant changes to these parameters. It should further be noted that there are a range of other factors in relation to the methodology itself that could have an impact on spectrum requirements. The tool should be employed with this in mind.
3.1	Examples of input parameter sensitivities 
The following input parameters to the tool are examples that have been identified as being particularly sensitive in terms of impact on the spectrum requirement calculation:
•	Different values for the application data rate, population coverage percentage, area spectral efficiency, and cell area (of a given radio environment) could change the dominant radio environment and teledensity combination that gives the largest spectrum requirements and therefore change the overall spectrum requirements. It should be noted that some of these parameters are interrelated and therefore have to be carefully chosen.
•	Half of the service categories are assumed to be delivered via reservation-based transmission scheme. However, some of these service categories might be delivered through packet-switched transmission scheme depending on their required QoS.
3.2	Sensitivities in the methodology itself
The following are examples of the sensitivities in the methodology:
•	The methodology is not designed to calculate the individual spectrum requirements for specific frequency ranges, and consequently the modelled cell areas across different cell types do not vary with frequency band.
•	In real deployments, cell sizes would be determined as a function of the entire area that operators are required to cover while designing to achieve efficient network topology. The methodology however does the reverse, i.e., fixed cell sizes are initially given as input parameters.
•	The methodology does not consider the fine-grained local spatial and temporal distribution of traffic demand, which means it does not reflect peak traffic demand.
•	The manner in which spectrum is assumed to be shared among the different cell layers would impact the estimated total spectrum requirements.
3.3	Other factors not considered by the methodology
Following are some other factors not considered that are nonetheless relevant and that have an impact on spectrum requirements:
· Economic factors, such as operators’ decision on RAT group choices and network deployment architecture considering their cost, are not considered in the tool nor in the methodology.
______________
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Graphical description of the functioning of  the spectrum requirements estimation tool for IMT

Note:  The following slide sets are prepared to explain the methodology and give an overall description of the relevant sheet and table names in the tool that are associated with the input parameters and calculation steps. It should be noted that the objective of the slide set is to present an overview of the tool rather than a detailed and complete description.







Flow-chart of the methodology

Step 1: Define

Service  Categories (SCs), Service Environments (SEs)

Radio  Access Technique Groups (RATGs), Radio Environments (REs) and Teledensities  

Step 2: Analyse collected market data

Step 3: Compute traffic demand: by SCs and SEs

Step 4: Distribute traffic among RATGs and within each RATG

Step 5: Calculate system capacity required to carry the traffic

Step 6: Unadjusted spectrum requirements for RATG2

RATG1 (Pre-IMT systems, IMT-2000 and its enhancements) 

RATG3
(Existing radio LANs and their enhancements)

RATG2 (IMT-Advanced)

Step 7: Apply adjustments (e.g. guardbands, multi-operator, minimum deployment spectrum) 

Step 8: Calculate aggregate spectrum requirements

Step 9: Overall spectrum requirements 

Note 1: Steps 1 and 2 are not conducted by the tool itself.

Step 5: Calculate system capacity required to carry the traffic

Step 6: Unadjusted spectrum requirements for RATG1

Step 7: Apply adjustments (e.g. guardbands, multi-operator, minimum deployment spectrum) 

RATG4

(Digital mobile broadcasting systems and their enhancement)

Note 2: The steps after Step 4 are not performed for RATGs 3 and 4 in the tool.













Step 1: Service categories

				Conversational		Streaming		Interactive		Background

		Super-high MM* (30 Mbit/s-
1 Gbit/s)		SC1
(U, Q, R, µ, J)		SC6
(U, Q, R, µ, J)		SC11
(U, Q, R, µ, J)		SC16
(U, Q, R, µ, J)

		High MM* 
(< 30 Mbit/s)		SC2
(U, Q, R, µ, J)		SC7
(U, Q, R, µ, J)		SC12
(U, Q, R, µ, J)		SC17
(U, Q, R, µ, J)

		Medium MM* 
(< 2 Mbit/s)		SC3
(U, Q, R, µ, J)		SC8
(U, Q, R, µ, J)		SC13
(U, Q, R, µ, J)		SC18
(U, Q, R, µ, J)

		Low  rate data & low MM* 
(< 144 kbit/s)		SC4
(U, Q, R, µ, J)		SC9
(U, Q, R, µ, J)		SC14
(U, Q, R, µ, J)		SC19
(U, Q, R, µ, J)

		Very low rate data (< 16 kbit/s)
This includes speech & SMS		SC5
(U, Q, R, µ, J)		SC10
(U, Q, R, µ, J)		SC15
(U, Q, R, µ, J)		SC20
(U, Q, R, µ, J)



Packet-switched

Reservation-based

Service type

Traffic class



User density (U): 	      users/km2

Session arrival rate per user (Q): session arrival/h/users

Mean service bit rate (R): 	      kbit/s

Average session duration (µ):       sec/session

Mobility ratio (J): 	      1, 2 & 3 for lowest, 			       medium & highest

Reservation–based:  U x Q x R x µ

Packet-switched:       U x Q x R x µ 

*MM：Multi-Media

Traffic amount for each SC can be calculated as:

Traffic related parameters defined for each SC

 Service Categories (SCs):  A combination of service type and traffic class
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Step 1: Service and Radio Environments, Teledensities, RATGs

				Dense urban		Suburban		Rural

		Home		SE1		SE4		SE6

		Office		SE2		SE5		

		Public area		SE3				



Service 

usage pattern

Teledensity

				Dense urban		Suburban		Rural

		Macrocell						

		Microcell 						–

		Picocell						

		Hot spot						



Radio 

Environments

Teledensity

RATG1: pre IMT-2000, IMT-2000 and its enhancements

RATG2: IMT-Advanced

RATG3: Existing radio LANs and their enhancements

RATG4: Digital mobile broadcasting systems and their enhancement

 Service Environments (SEs): A combination of service usage pattern and teledensity

 Radio Environments (REs): Cell layers in a network consisting of hierarchical cell layers

 Radio Access Technique Groups (RATGs)







Step 2: Analyse collected market data

First: List of applications and services

Second: Specify market attribute values of each service

Third: Map the services into SC per SE

Fourth: Calculate market attribute values per SC & SE

“Analyse collected market data” consisting of the following four steps are detailed in the subsequent slides. 

It should be noted that these four steps are not conducted in the tool; however, market attribute values to be used in the tool need to be prepared based on this analysis.







Step 2: Analyse collected market data

First: List of applications and services

Second: Specify market attribute values of each service

		List of applications/services seen in the responses to the questionnaire: 
Table 65 from Report M.2072														

		Seq no of service		Sub-seq number		SC		Rep name of appln or service		Name of appln or service		…….		Mean service bit rate		Average session duration

		1		1		5		Voice telephony		Phone						

		1		2						Voice 				16 kbit/s		120-210 s

		………		………		….		…………….		……….		……		………		………

		4		1		15		VoIP2		VoIP				16 kbit/s		65-148 s

		………		………		….		…………….		……….		……		………		………

		97		1		3		IP Web Radio		IP Web Radio						



		User density (users/km2)		Session arrival rate per user (sessions/h/user)		Mean service bit rate
(kbit/s)		Average session duration
(s)		Mobility ratio						

										Stationary		Low 		High		Super-high





The market attribute parameters are specified over a time interval t, due to user behaviour  changing depending on time of day.  
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Step 2: Analyse collected market data

Table 55 in Report ITU-R M.2072 contains “calculated” market attribute values and each of these values is indicated by a range in many cases (see below)



























The Min (Market) and Max (Market) values in the spread-sheet “Market-Input 2020” are read from M.2072. The values in the “Current value” column are derived using the Market attribute percentages shown in the spread-sheet “Market-Setting” and are used for spectrum requirements calculation

		SC		SE		User density (users/km2)		Session arrival rate per user (sessions/h/
user)		Mean service bit rate (kbit/s)
		Average session duration (s)
		Mobility ratio						

														Stationary		Low 		High		Super-high

		……		……		          ……..		     ……..		     ……..		       ……..		      ……..		   ……		   ……		   ……

		3		5		400 – 10,000		0.35 – 0.573		64 – 768		91 – 120		10 – 88		12-20		0-60		0-10

		3		6		20 – 750		0.055 - 0.199		64 - 768		74 – 120		5 – 87		10-13		0-70		0-15

		4		1		50 – 13,751 		0.100 – 0.720 		64 – 144		100 – 2390 		55 – 100		0-25		0-20		0-10

		……		……		          ……..		     ……..		     ……..		       ……..		      ……..		   ……		   ……		   ……

		5		6		20 – 2648		0.446 – 3.454		15 – 16		35 – 610		5 – 70		10-28		5-70		5-15

		……		……		          ……..		     ……..		     ……..		       ……..		      ……..		   ……		   ……		   ……
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Step 2: Analyse collected market data

Note that in the Market-Studies spread-sheet, each of the parameters (U, Q, µ, R and MR) is in a separate table. Also, further separation occurs for: 

Unicast D/L

Unicast U/L

Multicast D/L

		SC		SE1		SE2		SE3		SE4
		SE5		SE6

		SC1		U1, t, 1
Q1, t, 1
µ1, t, 1
R1, t, 1
MR1, t, 1		U2, t, 1
Q2, t, 1
µ2, t, 1
R2, t, 1
MR2, t, 1								U6, t, 1
Q6, t, 1
µ6, t, 1
R6, t, 1
MR6, t, 1

		SC2		         ……..		         ……..		         ……..		         ……..		         ……..		         ……..

		……		         ……..		         ……..		         ……..		         ……..		         ……..		         ……..

		SC19		         ……..		         ……..		         ……..		         ……..		         ……..		         ……..

		SC20		         ……..		         ……..		         ……..		         ……..		         ……..		U6, t, 20
Q6, t, 20
µ6, t, 20
R6, t, 20
MR6, t, 20



Third: Map the services into SC per SE







Step 2: Analyse collected market data -calculate market parameter values

the “Market-Setting” spread-sheet gives the % values to be used to calculate the values of U, Q, µ, R and MR from their ranges shown in Rep. ITU-R M.2072.





















Different U(%)s are used for low user-density settings and for high user-density settings

Using the values of U(%) in the spread-sheet “Market-Studies”, their corresponding user densities in real values are output in the spread-sheet “Market-Input 2020”

		SC		U (%)		Q (%)		R (%)
		µ (%)		Mobility ratio

		1		46		40		40		40		2

		2		46		40		40		40		2

		3		46		40		40		40		2

		     ……		    .…..		     ……..		     ……..		       ……..		      ……..

		19		46		40		40		40		2

		20		46		40		40		40		2



		SC		U (%)		Q (%)		R (%)
		µ (%)		Mobility ratio

		1		25		40		40		40		2

		2		25		40		40		40		2

		3		25		40		40		40		2

		     ……		    .…..		     ……..		     ……..		       ……..		      ……..

		19		25		40		40		40		2

		20		25		40		40		40		2



Fourth: Calculate market attribute values per SC & SE







Step 3: Calculate the traffic demand

Traffic input is taken from the “Market-Studies” spread-sheet and the output traffic volume is fed into the “AreaArrivalRate,” “Session Volume” and “AreaTrafficVolume” spread-sheets

AreaArrivalRate: Product of number of users/km2  (U) and the session arrival rate per user (Q). Units of session arrivals/s/km2. So U x Q sessions/s/km2. 

SessionVolume: Vol of traffic for one session (kbit/s/session) = Mean service bitrate*Mean session duration(s). So R x µ kbit/session. 

AreaTrafficVolume: calculated as the product of session arrival rate per area and the session volume. So U x Q x R x µ kbit/s/km2.

These calculations are done for Unicast traffic (D/L and U/L), and only SessionVolume are calculated for multicast D/L. 







Step 4: Distribute traffic among, and within, RATGs

Check possible combinations of: RATGs  for SCs, SEs, REs 




Allowed combinations of RATGs are identified (Shown in “Dist-comb” sheet) 

Distribution ratios are calculated based on Mobility Ratios, Coverage percentages, RATG distribution and the possible combinations. (Shown in “Dist-Ratio-Matrix” sheet.)

		Distribution Ratio (z) for DL in RATG #2 year 2020																										

		SC		SE1								SE2								…		SE6						

				Distribution Ratio (z)								Distribution Ratio (z)										Distribution Ratio (z)						

				Macro		Micro		Pico		Hot 
Spot		Macro		Micro		Pico		Hot Spot				Macro		Micro		Pico		Hot Spot

		SC1		0		0		0		0		0		0		0		0				0		0		0		0

		SC2		0		  0.18		  0.08		  0.32		0		  0.05		  0.10		  0.38				0		  0.23		0		  0.38

		….		….		….		….		….		….		….		….		….				….		….		….		….

		SC19		0		0		  0.10		  0.40		0		0		  0.10		  0.40				0		  0.18		0		  0.40

		SC20		0		0		  0.10		  0.40		0		0		  0.10		  0.40				0		  0.18		0		  0.40



Calculate traffic separately for RATGs 1 and 2 for each RE and SC:

Independently for 

PS category and CS (Reservation –based)

DL and UL

Unicast and Multicast

 (Shown in “CS/PSTraffic-op” sheet.)

Finally, traffic per teledensity: 

Aggregate traffic amount for teledensity

 (Shown in “CS/PSTraffic-opPSTraffic-op-teledensity” sheet.)

		PS DL Unicast Traffic Matrix for RATG #2																								

		SC		Dense Urban								Sub Urban								Rural						

				Macro		Micro		Pico		Hot Spot		Macro		Micro		Pico		Hot Spot		Macro		Micro		Pico		Hot Spot

				year 2020		year 2020		year 2020		year 2020		year 2020		year 2020		year 2020		year 2020		year 2020		year 2020		year 2020		year 2020

		SC1		0		0		0		0		0		0		0		0		0		0		0		0

		….		….		….		….		….		….		….		….		….		….		….		….		….

		SC11		0		 38 742.72		 1 853.04		  42.63		0		0		 53 521.56		  621.23		0		0		  3.07		  0.31

		SC12		0		2 720 686.47		 84 950.75		 8 269.18		 436 654.49		 443 447.03		 4 261.90		  269.52		 469 383.24		0		  97.69		  19.84

		SC13		 8 087.64		 13 547.65		  462.19		  45.06		  691.93		  439.28		  4.96		  0.38		  992.28		0		  0.17		  0.04

		….		….		….		….		….		….		….		….		….		….		….		….		….

		SC20		0		  0.06		  0.05		  0.01		  0.16		  0.45		  0.00		  0.00		  0.14		0		  0.00		  0.00



Dist-Ration-Matrix

PSTraffic-op-teledensity







Step 5: Calculate system capacity

For PS capacity calculations an M/G/1-FCFS queuing model  is assumed.

For CS capacity calculations a multi-dimensional Erlang-B formula is used.

This formula calculates capacity for given blocking probabilities

C = no of channels per cell x channel data rate 

Calculations are done separately for PS, CS (reservation-based), for DL and UL, for unicast and multicast.  

Non-pre-emptive priorities (no interrupting current job until its completion even if higher priority job arrives)

Capacity is affected by mean delay, mean packet size, second moment of packet size and blocking probability (these parameters are found in the spread-sheet “SCategory-Input”) and other input parameters.

In either case (PS or CS), the unit of outputs(capacities) is kbit/s/cell

FCFS: First Come First Served







Step 6: Calculate unadjusted spectrum requirement

Combine capacity requirements of DL & UL traffic

(only for unicast traffic)

Combine capacity requirements of PS & CS traffic

(only for unicast traffic)

kbit/s/cell

Calculate spectrum requirements by taking into account spectral efficiency values (bits/s/Hz) shown in “RATGEff-Input” sheet 

(for unicast and multicast traffic)

		2020								

		RATG #2								

		Teledensity		Radio Deployment Environments						

				Macro cell		Micro cell		Pico cell		Hot Spot

		Dense Urban		4		5		5		7.3

		Sub Urban		4		5		5		7.3

		Rural		4		5		5		7.3



Combine unicast and multicast spectrum requirements

		Unicast Spectrum Requirement - RAT Group #2																								

		Year 2020
 		Dense Urban								Sub Urban								Rural						

				Macro		Micro		Pico		Hot Spot																

		CS System capacity (kbit/s/cell) 		1 063 936.00		2 860 384.00		1 005 744.00		 866 800.00																

		PS System capacity (kbit/s/cell) 		 25 867.97		3 039 135.10		 108 009.61		 14 411.89																

		Spectrum Requirement (kHz)		 272 450.99		1 179 903.82		 222 750.72		 120 713.96																



		Total Spectrum Requirement - RAT Group #2 (MHz)																								

		 Year 2020
		Dense Urban								Sub Urban								Rural						

				Macro		Micro		Pico		Hot Spot																

		Spectrum Requirement (MHz)		  362.81		 1 179.90		  222.75		  120.71																



Combine total spectrum requirements: RATGs 1 & 2
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Step 7: Apply adjustments
Step 8: Aggregate spectrum requirements

Adjustments are required to take following assumptions into account :

The number of operators

The minimum spectrum requirement per network deployment

Guard bands 

Spectrum requirements are then aggregated over REs.

Final spectrum requirements are the largest requirements amongst those for the teledensities. 

		Spectrum Requirements per Network Deployment  - RAT Group #1 (MHz) - Year 2020								

		Teledensity/RE		Macro		Micro		Pico		Hot Spot

		Dense Urban		  300		  200		  40		  20

		Sub Urban		  340		  100		  20		  20

		Rural		  220		  0		  20		  20



		Spectrum Requirements per Network Deployment - RAT Group #2 (MHz) – Year 2020								

		Teledensity/RE		Macro		Micro		Pico		Hot Spot

		Dense Urban		  380		 1 180		  240		  140

		Sub Urban		  560		  380		  120		  120

		Rural		  320		  0		  120		  120









Step 9: Final spectrum requirements

		Spectrum Requirements per Network Deployment aggregate over REs - RAT Group #1 (MHz)		

		Teledensity		year 2020

		Dense Urban		  540

		Sub Urban		  460

		Rural		  240



		Spectrum Requirements per Network Deployment aggregate over REs - RAT Group #2 (MHz)		

		Teledensity		year 2020

		Dense Urban		 1 420

		Sub Urban		  680

		Rural 		  440



		Total Spectrum Requirements for all Deployments, including Guardband Adjustment - RAT Group #1 (MHz)		

		Teledensity		year 2020

		Dense Urban 		  540

		Sub Urban 		  460

		Rural 		  240



		Total Spectrum Requirements for all Deployments, including Guardband Adjustment - RAT Group #2 (MHz)		

		Teledensity		year 2020

		Dense Urban 		 1 420

		Sub Urban 		  680

		Rural 		  440



		Final Spectrum Requirements (MHz)		

		Spectrum for RATG		year 2020

		RAT Group #1		  540

		RAT Group #2		 1 420



Aggregate over REs

Guardband adjustment

Final spectrum requirements

Note: There is no impact on the spectrum requirements through the guard band adjustment in the example below .









Summary
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1   Introduction   In the following, the tool for the implementation of the methodology to determine global spectrum  requirements for IMT in Recommendation  ITU - R  M. 1768 - 1 is presented

1

.  This methodology  and  tool  could also be used to estimate the total IMT spectrum requireme nts of a specific country if all  the input parameter values are specified (as described in the methodology itself).   2   Methodology flow and calculation steps   Use of the software tool   The methodology of estimating the spectrum requirements for IMT is impleme nted in MS Excel as  a  Spectrum Calculator   t ool to facilitate its use.   The   tool is available  on the   ITU - R  WP 5D  web - page  for users  with  TIES   accounts .   The tool consists of 27 worksheets and seven modules of macros. The worksheets present input  parameter val ues, intermediate calculation results obtained from worksheet calculations and macro  calculations, and the final spectrum requirements. The tool is executed from its opening sheet called  “Main”, which is the core of the tool.   Figure 1 shows the relationshi p between the methodology flow chart and the corresponding  worksheets in the “Spectrum Calculator” tool as well as the different input parameters to the  methodology calculation steps. The worksheets with a grey background colour in Figure 1 denote  the loca tions in the tool where the input parameter values are inserted. The worksheets with a white  background colour in Figure 1 are where the actual calculation is implemented including  intermediate calculation results.   ____________________  

1

    The user guide also contains a section that identifies sensitivities related to the application of the  methodology, which should be kept in mind when using the tool.  
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