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�ANNEX 1

(Source:	Document 8/20)

draft new recommendation ITU-R M.[Doc. 8/20]

methods for achieving coordinated use of spectrum by multiple non�Geostationary mobile-satellite service systems below 1 ghz and sharing with other services in existing �mobile-satellite service allocations

(Question ITU-R 83/8)

Summary

This Recommendation concerns methods for achieving coordinated use of spectrum by multiple non�geostationary mobile-satellite service systems below 1 GHz and sharing with other services in existing mobile-satellite service allocations. A table indicates the techniques to use for narrow band and wideband systems in connection with different services.

The ITU Radiocommunication Assembly,

considering

a)	that WARC-92, WRC-95 and WRC-97 allocated the bands 137 - 138 MHz, 148 � 149.9 MHz, 149.9 � 150.05 MHz (LMSS only), 399.9 - 400.05 MHz (LMSS only), 400.15 � 401 MHz, 454-455 MHz in certain countries, 455 � 456 MHz (Region 2 and in certain other countries) and 459 � 460 MHz (Region 2 and in certain other countries) to the MSS;

b)	that these allocations are shared by other space and terrestrial services;

c)	that Resolution 46 (Rev.WRC-97) provides for coordination between these services;

d)	that various techniques have been developed to achieve the coordinated use of these allocations among these services,

	noting

a)	that the aggregate impact of transmissions from MES of multiple MSS systems be taken into consideration when determining the coordinated use of spectrum.

recommends

1	that the techniques indicated in Table 1 be used as a guide to the coordinated use of existing MSS allocations below 1 GHz with both space and terrestrial services;

2	that for uplink sharing, between non-GSO MSS and other services the sharing techniques include the following:

	-	terrestrial services and FDMA MSS systems - dynamic channel assignment and/or operational constraint on the MES transmissions (see Recommendation ITU-R M.1039,

	-	terrestrial services and CDMA MSS systems - low power density transmissions and/or operational constraints on the MES transmissions,

	-	sharing between MSS systems may require separate spectrum assignments;

3	that for downlink sharing, principle techniques for sharing are the use of:

–	CDMA/FDMA sharing through use of opposite senses of circular polarization is made possible with high axial ratio performance of the spacecraft antennas;

–	pfd threshold to permit necessary coordination;

–	frequency assignment separation;

–	dynamic control of data rate to reduce interference to acceptable levels;

4	that for uplink sharing between non-GSO, MSS (see RR S5.224A) and RNSS, MES controlled frequency avoidance techniques and coordination distance should be used to avoid transmission on the same frequency during specified periods of time.

TABLE 1

Non-GSO MSS sharing summary

�Narrow-band�Wideband��Fixed and mobile�(148 - 149.9 MHz)�(455 - 456 MHz�and 459 - 460 MHz�in Region 2)�Combination:�–	Dynamic channel avoidance�	 (Rec. ITU-R M.1039)�–	Low duty cycle�–	Brief message duration�–	Geographical separation�	(Rec. ITU-R M.1185)�Combination:�–	Low output power density�–	Brief message duration�–	Low data rate�–	Filtering at satellite�–	Geographical separation��Fixed and mobile�(137 - 138 MHz)*�(400.15 - 401 MHz)�Ground level pfd per RR S5.208 (Resolution 46 (Rev. WRC-97), A2.1.1.1-3)�Ground level pfd per RR S5.208 (Resolution 46 (Rev. WRC-97), A2.1.1.1-3)��Meteorological�satellites�(137 - 138 MHz)*�(400.15 - 401 MHz)�Assignment separation�Combination:�–	Low pfd at ground level�–	Cross polarization discrimination�–	Adaptive filter at satellite��Space operations�Space research�(137 - 138 MHz)*�Channel avoidance�Combination:�–	Low pfd �–	Cross polarization discrimination��Space research�(400.15 - 401 MHz)�Channel avoidance�Combination:�–	Low pfd�–	Cross polarization discrimination��Meteorological aids�(400.15 - 401 MHz)�Channel avoidance�Combination:�–	Low pfd�–	Cross polarization discrimination��Radionavigation satellite�(149.9 - 150.05 MHz)�(399.9 - 400.05 MHz)�–	pfd limit�–	channel avoidance�–	coordination distance�–	antenna elevation limit���Other MSS systems�(uplink)�–	Assignment separation for �	spread-spectrum systems�–	Channel avoidance for FDMA �	systems�–	Geographic separation�-	Controlled frequency avoidance�–	Assignment separation for �	FDMA systems�–	Spectrum sharing for other 	SSMA systems�-	Controlled frequency avoidance��Other MSS systems�(downlink)�Combination:�–	Channel locations�–	Cross polarization discrimination�–	Assignment separation�Combination:�–	Low satellite e.i.r.p. density�–	Cross polarization discrimination�–	CDMA�–	Assignment separation��Other MSS systems�(400.15 - 401 MHz)�Assignment separation�Assignment separation��Radioastronomy�Filtering/Bit shaping �Filtering/Bit shaping ���ANNEX 2

(Source: 	Document 8/24)

Draft New Recommendation ITU-R M.[IMT.MSAT]

METHODOLOGY FOR THE CALCULATION OF �IMT-2000 SATELLITE SPECTRUM REQUIREMENTs

1	Introduction

International Mobile Telecommunication (IMT-2000) are third generation mobile systems which are scheduled to start service around the year 2000 subject to market considerations. They will provide access, by means of one or more radio links, to a wide range of telecommunication services supported by the fixed telecommunication networks (e.g. PSTN/ISDN), and to other services which are specific to mobile users.

A range of mobile terminal types is encompassed, linking to terrestrial or satellite based networks, and the terminals may be designed for mobile or fixed use.

Key features of IMT-2000 are:

–	high degree of commonality of design worldwide;

–	compatibility of services within  IMT-2000 and with the fixed networks;

–	high quality;

–	use of a small pocket-terminal with worldwide roaming capability;

–	capability for multimedia applications and a wide range of services.

IMT-2000 are defined by a set of interdependent ITU Recommendations of which this one is a member.

The IMT-2000 satellite component will accommodate a portion of the increasing general demands for mobile services. Considering that the satellite and terrestrial components of IMT-2000 are mutually complementary, and provide compatible services, adequate spectrum bandwidth is needed for both. A specific methodology is needed for the calculation of IMT-2000 satellite component requirements. Moreover, the IMT-2000 services will be information rich and user friendly (e.g. multimedia). Therefore, the need for providing users with access to various services which are compatible with those which are provided by the IMT-2000 terrestrial component, needs to be recognised.

2	Scope

This Recommendation presents a methodology for the calculation of the spectrum requirements of the IMT-2000 Satellite component This methodology is based on the requirements and objectives defined in the relevant IMT-2000 Recommendations�.

The methodology is structured to be  independent of the details of the various systems which comprise the satellite component (e.g., orbits).The nature of the services likely to be supported by the system capabilities should be taken into account by the choice of  appropriate values for the input parameters.

3	Related Recommendations

This Recommendation builds upon Recommendation ITU-R M.818-1 (Satellite operation within IMT-2000) and Recommendation ITU-R M.1167 (Framework for the satellite component of IMT 2000). It recognises the requirements defined for the satellite component in Recommendation ITU�R M.1034�1 (Requirements for the radio interface(s) for IMT-2000), the needs of developing countries (see Recommendation ITU-R M.819) and the increasing interest in the provision of higher bitrate services.

4	Background

The starting point for the development of a methodology is necessarily governed by the form of the telecommunication traffic statistics and their availability. It has been recognised in previous related Recommendations that the satellite component of IMT-2000 may have a variety of forms each of which will be the result of an optimisation to meet a perceived market. In the absence of publicly available detailed mobile-satellite traffic data, two commercial satellite operators have however declared some of their researches which give the expected total yearly traffic in the form of Millions of Mbytes for a number of market or service segments. This measure has therefore been used as the traffic basis for the methodology.

In general terms, advances in technology can be expected to result in the spectrum required to support a given amount of user traffic in a given service category to decrease over time. Technical advances associated with source coding and antenna design, for example, have allowed improved frequency re-use to be achieved in systems resulting in overall increases in spectrum efficiencies.  For the mix of services to be supported by IMT-2000, the introduction of packet switching and delay tolerance techniques also may contribute to an improvement in spectrum efficiency.

These improvements in the use of spectrum are expected to be incorporated in IMT-2000 systems.  They will help to offset requirements for additional spectrum created by projected increasing demands of user traffic, resulting from an increased customer base, which may be stimulated by the availability of new services. These factors have been taken into account in the development and application of the spectrum calculation methodology.

5	Definitions

The parameters used in the methodology are the following. Their dependency on traffic category  is indicated by subscript (i). Each value of i denotes a unique combination of: service, environment, types of system, etc.

Traffic (Ti ): The input to the methodology is the total IMT-2000 satellite component traffic demand in the market assessment area in million Mbytes/year. The market assessment area is necessarily large (e.g. of continental proportions). There would typically be a number of traffic demand figures, for different traffic categories; e.g. different services (voice, data etc.) environments (urban, rural, remote, maritime, etc.) or types of systems (e.g. multimedia/non-multimedia systems).

Proportion of diurnal traffic in busy hour (pi): This is determined by the diurnal traffic distribution.

Busy hour offset factor (hi): The busy hour in different services, environments or systems may not occur at the same time. For example, business and non-business busy hours may occur at different times of the day. The spectrum calculations are therefore performed for an “overall busy hour”, for which the sum of the traffic from all services, environments and systems is at its maximum. The “busy hour offset factor” specifies what portion of the busy hour traffic for a particular service/environment/system occurs at the overall busy hour.

Number of beam clusters in market assessment area (bi): A beam cluster is a group of beams within which no frequency reuse is possible. The size of a beam cluster is determined by the frequency reuse pattern together with the average size of a beam footprint. Since the spectrum requirement is calculated for a given area, the number of clusters within that area has to be accounted for in the calculation.

Delay factor (di): This factor takes account of the fact that for packet-switched services it is possible to save bandwidth by delaying the transmission of data when there is a high demand, particularly during busy hour, thus smoothing out the time variations in traffic.

Capacity per carrier (Ci): Carrier information bit rate in kbit/s.

Carrier bandwidth (Wi): This is the bandwidth required to transmit the information plus all overheads, including any necessary guard bands between carriers (in kHz).

6	Recommended Methodology 

The ITU Radiocommunication Assembly 

recommends 

that the following methodology be used for the calculation of the frequency spectrum requirements of the satellite component of IMT-2000.

6.1	Overview

In outline form the satellite methodology can be stated as:

Determine the traffic statistics for a very large area (e.g. global, continental, regional);

Convert to bit rate in busy hour for the area;

Convert to bit rate in an area defined as that within which frequencies are not reused;

Determine the conversion between bit rate and bandwidth occupied on a modular basis (e.g. per carrier);

Calculate overall spectrum requirements for the area under study.

6.2	Detailed description 

A flow-chart illustrating the methodology is given in Figure 1.

The calculation of spectrum requirements proceeds as follows:

For each type of service and each environment the traffic can be converted to the average bit rate in the busy hour.

�EMBED Unknown���

Applying the busy hour offset gives the traffic in the overall busy hour bit rate for each service and environment:

�EMBED Unknown���

Next, the number of carriers required to carry this traffic is calculated:

�EMBED Unknown���

The frequency bandwidth requirement becomes :

�EMBED Unknown���

or in terms of the primary parameters :

� EMBED Equation.2  ���

The total spectrum requirement may be calculated by summing over all relevant services and environments:

�EMBED Unknown���

These calculation steps are shown in Figure 1 for a single service type and traffic environment.

Adjustments may have to be applied to account for:

1)	inefficiencies due to spectrum being divided up between several operators;

2)	granularity due to minimum spectrum requirements per operator.

The spectrum calculations should be carried out for several regions of the world, e.g. the three ITU Regions. To determine the peak spectrum requirement in a region, geographic peaking factors may have to be applied, depending on the resolution of the input traffic data.

Examples of the application of the methodology are given in Appendix 1.

� EMBED Word.Picture.6  ���

Figure 1

Flowchart of IMT-2000 Satellite Spectrum Requirements Calculation Methodology (the flow-chart shows the calculation steps for a single traffic category)

�APPENDIX 1

Examples of application of the methodology

1	Traffic data

Traffic forecasts for the satellite component of IMT-2000 for the years 2005 and 2010 have been provided from two mobile-satellite operators. These forecasts will be referred to as Source A and Source B.

A summary of the forecasts and a short discussion on their relationship can be found in Attachment 1.

2	Spectrum calculations

Examples of the application of the methodology are given in Tables 1 and 2, which show the input parameters and the intermediate stages in the calculation of spectrum requirement for global peak demand. The example calculations use sub-sets of the data provided by Source A and the Source B covering the situation for IMT-2000 traffic for the year 2010. As shown in Tables 1 and 2, in both cases the traffic forecasts are split into 4 different services. In the case of the Source A forecasts, the forecasts also differentiate between “multimedia” and “non-multimedia” traffic. This refers to the type of system carrying the traffic; a multimedia system would offer all four services (including “broadband” services), while a non-multimedia system would offer only voice and low-speed data.

Tables 1 and 2 give the predicted traffic demand for one transmission direction. The Source A market studies have shown that satellite based asymmetric services can be characterised as having a balanced overall traffic demand in both transmission directions. Therefore the total spectrum requirements will be twice the figures shown. The same assumption was taken for the Source B forecasts.

TABLE 1

Spectrum calculation based on the Source A traffic data �for IMT-2000 traffic in the year 2010 (MHz per transmission direction)

�Non-multimedia

voice�Non-multimedia

low speed

data�Multimedia voice�Multimedia

low speed data�Multimedia asymmetric data�Multimedia

interactive data��Total global traffic (million Mbytes/year)�123�119�206�445�4510�307��% of traffic in hot spot�12�12�10�10�10�10��Traffic in area, T (million Mbytes)�14.76�14.28�20.6�44.5�451�30.7��Proportion in busy hour, p�0.15�0.15�0.1�0.1�0.1�0.1��Average busy hour bit rate, R (Mbit/s)�13.48�13.04�12.54�27.09�274.58�18.69��BH offset factor, h�0.82�0.81�0.79�0.81�0.79�0.79��Traffic in overall busy hour, R' (Mbit/s)�11.05�10.56�9.91�21.95�216.92�14.77��Number of beam clusters in area, b�2�2�2�2�2�2��Delay factor, d�1�2�1�2�5�1��Capacity per carrier, C (kbit/s)�144�144�144�144�144�144��Number of carriers, n�38.38�18.34�34.40�38.10�150.64�51.27��Carrier bandwidth, W (kHz)�200�200�200�200�200�200��Spectrum required, F (MHz)�7.68�3.67�6.88�7.62�30.13�10.25��

The following factors have been considered in choosing values for the input parameters shown in Table 1:

( % in hot spot: The calculations have been carried out for a global “hot spot”, which is approximately 3 million km2 in area. The % of traffic in the hot spot specifies the percentage of the total world-wide traffic which originates from this area as predicted by the market forecast; 

( Proportion of diurnal traffic in the busy hour: based on the market forecasts, this has been chosen as p = 0.1 for multimedia traffic and p = 0.15 for non-multimedia traffic;

( The busy hour offset factor, h: this factor has been calculated by considering 12 different traffic environments and calculating the weighted average of the busy hour offset factors for these environments;

( Number of beam clusters in the area, b: in choosing this value, it has been considered that already planned non-IMT-2000 MSS systems would typically cover the area in question with 1 beam cluster or less. Future MSS systems are expected to provide improved reuse, however, it is unlikely that any MSS systems will be able to provide more than 2 beam clusters in the area by 2010. For the purpose of this worked example, it has been assumed that IMT�2000 satellites will have 2 beam clusters in the area (b=2). This corresponds to, for example, an average footprint of around 200,000 km2 and a frequency reuse pattern of 7. This frequency reuse has not yet been achieved, but is expected to be possible in the planned IMT-2000 time-frame.

( The choice of the factor b has been considered together with the choice of modulation efficiency, i.e. C/W, since neither can be improved without considering the effect on the other. For example, an improved modulation efficiency will require a higher carrier-to-noise ratio, leading to a degradation in reuse. Also, in determining these factors, it was considered that actual frequency reuse can never be perfect, due to geographical variations in traffic volume.

( Delay factor, d = 1 for the circuit-switched voice and interactive services. Based on the market studies, for the packet-switched low-speed data and asymmetric services, d has been taken as 2 and 5 respectively;

( The capacity per carrier, C, is assumed to be 144 kbit/s;

( The carrier bandwidth, W, has been taken as 200 kHz;

( The information bit rate of 144 kbit/s plus overhead of approximately 30 kbit/s is thus assumed to be accommodated in a carrier bandwidth of 200 kHz, which can be achieved for example by QPSK modulation with an FEC rate approximately 0.6.

TABLE 2

Spectrum calculation based on the Source B traffic data for IMT-2000 traffic in the year 2010�(MHz per transmission direction)

�Voice�Messaging�Medium

multimedia�High

interactive

multimedia��Traffic in area, T (million Mbytes/year)�38.3�3.8�46.7�2.7��Proportion in busy hour, p�0.1�0.15�0.15�0.15��Average busy hour bit rate, R (Mbit/s)�23.34�3.49�42.62�2.46��BH offset factor, h�1�1�1�0.9��Traffic in overall busy hour, R' (Mbit/s)�23.34�3.49�42.62�2.22��Number of beam clusters in area, b�1�1�1�1��Delay factor, d�1�2�2�1��Capacity per carrier, C (kbit/s)�144�144�144�144��Number of carriers, n�162.06�12.12�147.97�15.39��Carrier bandwidth, W (kHz)�200�200�200�200��Spectrum required, F (MHz)�32.39�2.41�29.62�3.08��

The following factors have been considered in choosing values for the input parameters shown in Table 2:

( As for the Source A forecasts, the size of a beam cluster was assumed to be 1.5 million km2. The Source B market forecasts were given for several large geographical regions. Based on preliminary estimates the traffic was further sub-divided to calculate the portion of the total traffic in a beam cluster in the global “hot spot”; this resulted in the figures shown in Table 2. These estimates may need further consideration, taking into account the size of the (land mass of) each geographical region and the traffic variations within the regions;

( Proportion of diurnal traffic in the busy hour: based on the market forecasts, this has been chosen as p = 0.1 for voice traffic and p = 0.15 for other services;

( The busy hour offset factor, h: as these forecasts are focused primarily on the business/industrial user, the busy hour offset factor is close to one (1), since there is no non-business vs. business busy hour to take into consideration;

( Number of beam clusters in the area, b: the calculations are done for one beam cluster, see also the comments made re. the Source A calculations;

( Delay factor, d = 1 for the circuit-switched voice and interactive services. Based on the market studies, for the packet-switched low-speed data and asymmetric services d has been taken as 2;

( As with the Source A calculations, the capacity per carrier, C, is assumed to be 144 kbit/s;

( As with the Source A calculations, the carrier bandwidth W = 200 kHz.

3	Discussion of example results

The example results shown above are based on the available traffic information. However, the results only present calculations for a sub-set of the forecasts for an estimated global peak demand. Furthermore, the worked examples verify the robustness of the methodology. The accuracy of any estimates of spectrum requirements, of course, will be dependent upon the accuracy of the input data.

The results shown in these examples should not be considered as providing an answer to the question of future spectrum requirements for the IMT-2000 satellite component, as all figures given in these examples are still under study and all environments and services that must be considered for completeness may have not been included in the examples.

�Attachment 1 �(to APPENDIX 1)

Traffic Forecast Data and Commentary

1	Traffic Forecast Summary

Extensive market information has been obtained by Source A and by the Source B. For the purpose of illustrating the application of the methodology in this Recommendation this is presented in a summarised and condensed form in Table 3.

TABLE 3

Traffic Forecast Data

Source A (MSS and IMT-2000 compliant forecast)�Source B (IMT-2000 compliant)��						2005	2010

Subscribers (000s)

	Non-Multimedia		4,875	  7,500�	Multimedia			6,585	10,975



Usage per suscriber (KBs per month)

	Non-Multimedia�		Voice			8,709	  8,491�		Low Speed Data		6,208	  5,587�	Multimedia�		Voice			1,194	  1,561�		Low Speed Data		2,584	  3,380�		Assymetric	  26,154	34,247�		Interactive		 1,781	  2,334

Total Annual Traffic (Million MB’s)

	Non-Multimedia�		Voice			    509	     764�		Low Speed Data		    491	     736�	Multimedia�		Voice			      94	     206�		Low Speed Data		    204 	     445�		Assymetric	     2,067	  4,510�		Interactive		    141	     307�				      Total	 3,506	  6,968

Annual Traffic (Million MB’s) - IMT-2000 Traffic

	Non-Multimedia�		Voice			      34	     123�		Low Speed Data		      33	     119�	Multimedia�		Voice			      94	     206�		Low Speed Data		    204 	     445�		Assymetric	     2,067	  4,510�		Interactive		    141	     307�				      Total	 2,573	  5,710�						2005	2010

Subscribers (000s)

	Voice, Messaging,�	Medium Multimedia	12,000	24,000�	Interactive			  4,800	  9,600

Usage per suscriber (KBs per month)

	Voice				2,700	  2,700�	Messaging			   540	     540�	Medium Multimedia		6,263	  6,576�	Interactive			   450	     473





















Annual Traffic (Million MB’s)

	Voice			   389 	     778�	Messaging		     78	     156�	Medium Multimedia	   902	  1,894�	Interactive		     26	       54�Total					1,394	  2,881

��2	Comments on Traffic Data

2.1	Similarities

The Source A and Source B forecasts are similar in the following respects:

Both focus exclusively on "mobile" applications only (none of the services identified are for fixed terminals);

Both focus on services that have been identified specifically as IMT-2000 types of applications (voice and multimedia services);

Both focus on forecast usage in 2005 and 2010; and 

Both forecasts include “frequent users” (i.e., those people who require and use satellite communications as a key part of their day-to-day communications needs) and “infrequent users” (i.e. predominantly terrestrial wireless IMT-2000 subscribers who rely on satellite communications when they occasionally roam outside of terrestrial wireless coverage).

2.2	Differences

The Source A and Source B forecasts differ in the following respects:

While both forecasts include frequent and infrequent users, the “frequent” portion of the Source B forecast is reported as “very conservative”.  The Source A forecast, on the other hand, provides more information on the frequent user of multimedia services; and

While both forecasts use primary market research as a basis for their projections, the research has been focused on different areas. The Source A primary research focused on frequent users (and usage) of multimedia services, whereas the Source B primary research focused on global subscribers and voice usage. 

�2.3	General

The variations between the two traffic forecasts are easily attributable to differences in the underlying focus of each company’s market research and approach.  Such variations are to be expected in a forward-looking time-frame, particularly in an industry that spans such a large customer base.  Both forecasts are highly defensible and show a significant demand for satellite IMT-2000 services. However, given the conservative basis of the Source B forecast, it is considered that the Source A forecasts reflect more closely the likely satellite IMT-2000 traffic demand.

3	Definition of Services

Messaging services: Defined to include both SMS (Short Message Service), paging, and email, messaging services will not differ dramatically in concept from those available over terrestrial wireless today.  However, MSS quality will be enhanced to include extended message length, better delivery rates, and two-way paging. File length will range between 10 kbytes to 40 kbytes.

Voice - quality basic voice at 8/16 kbit/s.

Low speed data - predominantly messaging and e-mail (without attachments) type services at 9.6/16 kbit/s.

Asymmetric services - this includes the predominantly one way services including file transfer, database/LAN access, Intranet/Internet, WWW, E-mail (with attachments), image transfer etc. Rates of transmission will be up to and around 144 kbit/s.

Interactive multimedia - predominantly relating to video-conferencing and video-telephony at data speeds of around 144 kbit/s.

Medium multimedia services: Defined as asymmetric and “bursty” in nature, medium multimedia services will require relatively high transmission capabilities (up to 144 kbps), with typical file sizes averaging 500 kbytes.

High interactive multimedia services: Defined as symmetric applications requiring continuous high-speed connections. These types of services will require the highest available speeds (up to 384 kbps)



�ANNEX 3

(Source:     Document 8/25)

Draft New Recommendation ITU-R M.[IMT-MTER]

METHODOLOGY FOR THE CALCULATION OF IMT-2000 TERRESTRIAL SPECTRUM REQUIREMENTS



Introduction

IMT-2000 are third generation mobile systems which are scheduled to start service around the year 2000 subject to market considerations. They will provide access, by means of one or more radio links, to a wide range of telecommunication services supported by the fixed telecommunication networks (e.g. PSTN/ISDN), and to other services which are specific to mobile users.

A range of mobile terminal types is encompassed, linking to terrestrial and/or satellite based networks, and the terminals may be designed for mobile or fixed use.

Key features of IMT-2000 are:

–	high degree of commonality of design worldwide;

–	compatibility of services within IMT-2000 and with the fixed networks;

–	high quality;

–	use of a small pocket-terminal with worldwide roaming capability;

–	capability for multimedia applications and a wide range of services.

IMT-2000 are defined by a set of interdependent ITU Recommendations of which this one is a member.

Spectrum requirements for the terrestrial component of IMT-2000 were estimated in Report ITU-R M.1153 prior to WARC-92. Speech services were considered to be the major source of traffic at the time.  As technological advancements provide additional capabilities in telecomunications users will demand more from wireless services.  Future wireless services must support, not only speech but also a rich range of new services that will serve a wide range of applications.  Services such as multimedia, Internet access, imaging and video conferencing will be needed in third generation wireless systems. In response to these new applications, IMT-2000 will support high rate data services.  The provision of new services described in Recommendation ITU-R M.816 (Framework for Services Supported by IMT-2000) has an impact on the spectrum requirements for IMT-2000 systems.

There is a need to develop a new methodology for determination of spectrum requirements that can accommodate not only the new services of IMT-2000 but also the new radio transmission technologies being developed.

Scope

This Recommendation contains a methodology for the calculation of terrestrial spectrum requirement estimates for IMT-2000. This methodology could also be used for other public land mobile radio systems.  It provides a systematic approach that incorporates geographic influences, market and traffic impacts, technical and system aspects and consolidation of spectrum requirement results.  The methodology is applicable to both circuit switched and packet switch based radio transmission technologies and can accommodate services that are characterised by asymmetrical traffic flows.� 



The ITU Radiocommunication Assembly,

considering

a)	that the Radio Regulations identify the bands 1 885-2 025 MHz and 2 110-2 200 MHz as intended for use on a worldwide basis by Administrations wishing to implement IMT-2000, as indicated in RR S5.388, and Resolution 212 (Rev. WRC-97);

b)	that the initial implementations of IMT-2000 are expected to commence around the year 2000 subject to market considerations;

c)	that the bands identified in considering a) are used differently in various countries;

d)	that the traffic and service mix carried by IMT-2000 systems may vary from country to country, and also within countries. In some parts of the world additional spectrum may be required, whilst in other parts of the world frequency bands identified by considering a) could be adequate to meet IMT�2000 services present and future demands;

e)	the need to support the operation of IMT-2000 terminals in different regulatory environments;

f)	that the various radio access technologies that may be appropriate for IMT-2000 may have different channel bandwidth requirements, and hence varying impact on the basic frequency usage possibilities;

g)	that traffic handled by mobile systems as well as the number and diversity of services will continue to grow;

h)	that future systems may include the use of a range of cell types from indoor cells to satellite cells, which must be able to coexist in a given location;

j)	that IMT-2000 will offer higher data rate services than earlier systems in order to meet increasing customer demands, and this could create a demand for additional spectrum beyond that earlier estimated;

k)	that efficiency of spectrum use requires consideration of the balances between IMT�2000 system costs and bandwidth needed;

l)	that the methodology in Annex 1 is considered flexible enough to accommodate either a global view or the unique requirements of regional markets relative to terrestrial spectrum needs.

recommends

1	that the methodology for the calculation of terrestrial IMT-2000 spectrum requirement estimates as specified in Annex 1 should be used by Administrations as the basis for performing calculations involving estimates of future IMT-2000  terrestrial spectrum needs;

2	that the methodology in Annex 1 could also be considered for the calculation of terrestrial spectrum estimates for other public land mobile radio systems, and its use is highly encouraged;

�ANNEX 1 TO ANNEX 3

IMT-2000 Terrestrial Spectrum Requirement Methodology

1	Terrestrial Methodology Overview

A methodology for development of a terrestrial spectrum requirement is presented below. This methodology enables the calculation of spectrum estimates to support mobile communication services of today and the future. The equation for this estimate is provided in Equation 1.1.  

This methodology is consistent with the global IMT-2000 vision and is also consistent with the services as presented in Recommendation ITU-R M.816-1: “Framework for Services Supported by IMT-2000.”  The methodology is flexible enough to accommodate either a global view of spectrum needed or the unique requirements of regional markets.

The basic theme of this methodology is to determine the individual spectrum requirements for all representative combinations of specific environments and services (Fes) in a given geographical area, and to combine the set of individual spectrum requirements Fes together into a total terrestrial component spectrum requirement estimate, FTerrestrial by employing appropriate weighting�factors (�symbol 97 \f "Symbol" \s 12�a�es) to the summation.  The factor (�symbol 97 \f "Symbol" \s 12�a�es) takes into account the impact of concurrent services in a given geographical area.  An additional adjustment factor (�symbol 98 \f "Symbol" \s 12�b�) is available to apply to the composite summation to accommodate impacts such as multiple operators, spectrum sharing, and the like.

The estimation of a spectrum requirement for many years into the future  is not an exact calculation.  In particular, the methodology provided in this document is not intended to include the second or third order effects, but rather the calculations capture the significant first order influences which are the primary factors for terrestrial spectrum needed.

The spectrum required (FTerrestrial ) in MHz is:

		FTerrestrial = �symbol 98 \f "Symbol" \s 12�b� �symbol 83 \f "Symbol" \s 12�S��symbol 97 \f "Symbol" \s 12�a�es Fes= �symbol 98 \f "Symbol" \s 12�b� �symbol 83 \f "Symbol" \s 12�S��symbol 97 \f "Symbol" \s 12�a�es Tes/Ses	(1.1)



where “e” and “s” are subscripts denoting dependency on environments and services respectively.

Therefore, FTerrestrial is the total required spectrum as a weighted summation of co-existing individual Fes in the same geographical area for all environments “e” and services “s” considered relevant, adjusted for influences such as spectrum sharing, multiple operators,

where,

FTerrestrial  = Terrestrial Component Spectrum Requirement			Units: MHz

Tes  = Traffic/Celles									Units: Mbit/s/cell

Ses  = System capability  							Units: Mbit/s/MHz/cell

�symbol 97 \f "Symbol" \s 12�a�es  = Weighting factor							Units: dimensionless 

�symbol 98 \f "Symbol" \s 12�b�     = Adjustment factor							Units: dimensionless  

Equation 1.1 addresses both circuit and packet switched services and includes consideration for traffic asymmetry in the uplink and downlink directions.  Each of the factors of Equation 1.1 will be defined further in the following subsections.

The calculations, parameters, and definition of inputs within the methodology are divided into four categories and serve to group similar aspects of the methodology into sub-units:

A	Geographic Considerations,

B	Market and Traffic Considerations, 

C	Technical and System Considerations,

D	Spectrum Results Considerations. 

An example is included in Appendix 1 that shows how the methodology is applied.  This example is based on a representative subset of environments and services.  The example is calculated with parameter values estimated from market research on public land mobile communications services, including IMT-2000, and with technical parameter values estimated from IMT-2000 radio transmission technologies, for the year 2010.

The results shown in this example should not be considered as providing an answer to the question of future spectrum requirements for public land mobile communications services, including IMT�2000, as all environments and services that must be considered for completeness have not been included in the example.  Nonetheless, the example includes all environments and services required to sufficiently exercise all aspects of the methodology.

2	Methodology Flowchart

The following material presents the methodology in “flowchart” format with a sequential listing of the steps divided among the four sub-categories.  Subsequent sections of this document provide detail information and description of the terms, parameters, calculations performed.�

A	Geographic Considerations

A1	Select   “e”

“e” – environment type:	selects density and mobility

These environments are defined by a combination of a density attribute and a mobility attribute considered jointly, and are show in the following matrix:



Mobility�In-building�Pedestrian�Vehicular��Density�����Dense Urban (CBD)�����Urban�����Suburban�����Rural�����For example, “dense urban, in-building” could be a value of “e”.

A2	Select Direction of Calculation

Uplink (from the mobile station to the base station) or downlink (from the base station to the mobile station)

A3	Establish Representative Cell Area and Geometry  	Units:  meters

Diameter if circular omnidirectional cell geometry; Radius of vertex if sectored hexagonal cell geometry

A4	Calculate Cell_Area	 Ae  					Units:  km2

Cell_Areae 

B	Market And Traffic Considerations

B1	Select   “s”

s – service type:	selects service type and hence Net_User_Bit_ Rates (kbit/s) 

B2	Establish Population_Densitye 				Units:  potential 											users/km2

B3.  Establish Penetration_Ratees 					Units:  %

B4	Calculate Users/Celles 						Units:  users

Users/Celles =Population_Densitye*Penetration_Ratees*Cell_Areae

B5	Establish Traffic Parameters

Busy_Hour_Call_Attemptses						Units:  calls in busy hour

Effective_Call_Durationes						Units:  seconds

Activity_Factores								Units:  dimensionless

B6	Calculate Traffic/Useres						Units:  call-seconds

Traffic/Useres =  Busy_Hour_Call_Attemptses*Call_Durationes* Activity_Factores		

(NOTE – may be expressed as Erlangs, where an Erlang = call-seconds/3600)

B7	Calculate Offered_Traffic/Celles				Units: call-seconds/cell

Offered_Traffic/Celles = Traffic/Useres*Users/Celles		

(NOTE – may be expressed as Erlangs, where an Erlang = call-seconds/3600)

B8	Establish Quality_of_Service_Functiones Parameters	Units:  varied

Group_Sizees; 

Blocking Criterias {Formula and Grade of Service for circuit switched; Formula and Delay for packet switched}

C	Technical And System Considerations

C1	Calculate number of Service_Channels/Celles required to carry Offered_Traffic/Celles									Units:  none

�Service_Channels/Celles = 

(Quality_of_Service_Functions { Offered_Traffic/Celles*Group_Sizees ; Blocking Criterias})/Group_Sizees

C2	Determine Service_Channel_Bit_Ratees needed to carry Net_User_Bit_Rates											Units:  kbit/s

C3	Calculate Traffices							Units:  Mbit/s/cell

Tes = Service_Channels/Celles*Service_Channel_Bit_Ratees 

(Note conversion to Mbit/s from kbit/s)

C4	Determine Net_System_Capabilityes Parameters		Units:  varied

System Spectral Efficiency; Coding Factor; Overhead Factor; Deployment Model; and other factors

C5	Calculate Net_System_Capabilityes			Units:  Mbit/s/MHz/cell

Ses = Function of {Spectral Efficiency; Coding Factor; Overhead Factor; Deployment Model, and other factors}

D	Spectrum Results Considerations

D1	Calculate individual Fes Component

(Answer will be for direction of calculation chosen either uplink or downlink)

Fes = Tes/Ses 	(either uplink or downlink)				Units:  MHz

D2	Repeat Process For Calculation of Other Direction (either downlink or uplink as appropriate)

Repeat steps  A2 through D1

D3	Calculate Fes For the Service “s” Combining uplink and downlink components

Fes = (Fes uplink + Fes downlink)					Units:  MHz

D4	Repeat Process (steps A1 through D3) for All Desired  “e”, “s”

D5	Determine Weighting Factor Applicable to Each Individual Fes    �									Units:  None

�symbol 97 \f "Symbol" \s 12�a�es

D6	Determine Adjustment Factor(s) 				Units:  None

�symbol 98 \f "Symbol" \s 12�b�

D7	Calculate Final Total FTerrestrial Spectrum Value		Units:  MHz

FTerrestrial = �symbol 98 \f "Symbol" \s 12�b� �symbol 83 \f "Symbol" \s 12�S��symbol 97 \f "Symbol" \s 12�a�es  Fes

3	Detailed Description of the Methodology

A	Geographic Considerations

A1	Environment

The initial point for consideration of terrestrial spectrum requirements is to determine the characteristics of the cells which the system will use.  The system will operate in a variety of scenarios, encompassing various combinations of density and mobility.  A table of possible environments is given below, although no indication has been given of which specific environments should be considered.  It is thought that the matrix below is flexible enough to cover most situations encountered in deployment of a public land mobile radio system.

The variable subscript “e” represents the environment for which the calculation is performed, and the environment is defined by a combination of a density attribute and a mobility attribute considered jointly, and are show in the following matrix:



Mobility�In-building�Pedestrian�Vehicular�� Density�����Dense Urban (CBD)�����Urban�����Suburban�����Rural�����		For example, “dense urban, in-building” could be a value of “e”.

Clearly some of these environments may be (geographically) overlapping, whilst others may be separate.  For the calculation of the total spectrum required for IMT-2000, it will be necessary to determine the maximum spectrum which might realistically be needed in any one area.  It is anticipated that not all combinations (values of “e”) will be needed and in most cases only a few combinations will need to be considered.  For example, “dense-urban, vehicular” as a value of “e” may not be required in practice in some calculations. Therefore the first stage of the methodology is to determine the environments which could co-exist, and which would give rise to the greatest total spectrum demand.  

In practice this will be a combination of overlapping dense urban and urban environments.  The method to determine the total spectrum required is then applied to each of the members of this set of overlapping environments. 

A2	Select direction of calculation 

Uplink (from the mobile station to the base station ) or downlink (from the base station to the mobile station).

The traffic and spectrum figures in steps A2 through D1 are calculated separately for uplink and downlink directions because of the traffic asymmetry in some services.  The spectrum required for any Fes is the sum of the requirement for both directions.

A3	Establish representative cell_area and geometry

For each of the “e” environments identified in A1, the cell area and geometry has to be established.  Typical examples could be a circle or hexagon, either of which could be considered as a whole or could be sectored.  It is possible that, for operational reasons, different environments will use cells with differing geometry, and certainly there may be a range of cell sizes.

A4	Calculate Cell_Areae						Units:  km2

Having identified the cell geometry and dimensions for each environment, it is necessary to calculate the area of the cell .

For example:

For a circular cell, 	Cell_Areae 	= ( R2 	= ( D2 / 4�Where: 				R = radius of the circle.

D = diameter of the circle.

For a hexagonal cell,	Cell_Areae	= (3 / 2) * ((3) * R2 �Where: 					R = radius (to vertex) of the hexagon.

For a cell which is a sector of a circle/hexagon, the area that should be used (Cell_Areae) is the area of the sector, and it may be sufficient to divide the area of the full circle/hexagon to obtain the sector area.

Other cell geometries and corresponding formula for calculating area may be used.

B	Market And Traffic Considerations

B1	Select   “s”

“s” – service type: 	       selects service type and hence Net_User_Bit_ Rates (kbit/s) 	

For a given public land mobile radio service there is a set of services that are offered. Selecting a service type “s” chooses a particular service from that set for the purpose of calculation.

As an example, in IMT-2000, a reasonable set of services (the range of  “s”) might be:

–	Speech						(circuit switched)

–	Simple Message				(packet switched)

–	Switched Data				(circuit  switched)

–	Medium Multimedia			(packet switched)

–	High Multimedia				(packet switched)

–	High Interactive Multimedia		(packet switched)

B2	Establish Population_Densitye				Units:  potential users/km2 

For each environment considered, it is also necessary to determine a density of population.  This will be a basic figure for the number of persons per unit area within the environment under consideration.  

Similar geographic locations can have differing population densities as a function of the mobility component.  For example, urban-pedestrian may have a population density of 100,000 users/km2, yet the same area would not be physically able to have an urban-vehicular density of more than 3000 users/km2.

B3	Establish Penetration_Ratees 				Units:  %

This parameter is the ratio of the number of people subscribing to the service “s” over the total population, in environment “e”.

It should be noted that the use of each service is not exclusive.  Each Penetration_Ratee refers to the penetration of that service as a proportion of the total potential user base . Since users can use more than one service it is possible for the total penetration in an environment (across all services) to exceed one (100%) if a high proportion of users are using more than one service.

B4	CalculateUsers/Celles

This parameter is dependent upon the population density and the cell area for each environment “e”, and on the penetration rate for the service “s” and the environment “e”.

It represents the number of people actually subscribing to the service “s” in a cell of environment “e”.

Users/Celles = Population_Densityes * Penetration_Ratees * Cell_Areae

B5	Establish traffic parameters

For each service, in each environment, the following parameters must be established:

Busy_Hour_Call_Attemptses  				    Units: number of calls in busy hour

Defined as the average number of calls attempted for the average user during the busy hour. It should be noted that these calls may originate either from the user or from the network. No distinction is made here between these two sources, the result in terms of resource needed being the same.  This parameter is self explanatory for circuit-switched services, and for packet-switched services a call is understood as a session. 

Call_Durationes 									Units:  seconds

This parameter is defined as the mean actual duration of the call or of the session during the busy hour.

Activity_Factores 								Units:  dimensionless

Defined as the percentage of time during which the resource is actually used during the call. For example, if voice is transmitted only if the user speaks, or if a packet transmission is bursty, the transmission is only active during a relatively small amount of time.

B6	Calculate Traffic/Useres						Units: call-seconds

This parameter is defined as the probability that the user is "offhook" and active in the busy hour for a cicuit-switched call or a packet-switched session. It is clearly defined in Erlangs (call-seconds/3600) for circuit-switched services and for packet switched services has the equivalent unit of average relative activity in a period of reference of the busy hour.

Traffic/Useres = Busy_Hour_Call_Attemptses * Call_Durationes * Activity_Factores 

B7	Calculate Offered_Traffic/Celles 				Units: call-seconds

This is the total traffic issued in a given cell of environment “e” for service “s” during the busy hour.

Offered_Traffic/Celles = Traffic/Useres * Users/Celles 

It is clearly defined in Erlangs (call-seconds/3600) for circuit-switched services and for packet switched services has the equivalent unit of average relative activity in a period of reference of the busy hour.

B8	Establish Quality_of_Service_Functiones  (QOSes) Parameters     Units: Varied

Parameters required:

Group_Sizees 

Blocking Criterias (Formula and Blocking for circuit switched) 

						or

Blocking Criterias  (Formula and Delay for packet switched)

Discussion of Quality Of Service Aspects

Bearer channel capabilities are characterized in terms of parameters having Quality of Service and Grade of Service significance.  Establishing Quality_of_Service_Functiones parameter values (herein Quality_of_Service_Functions is used generically to apply to both Quality of Service specifically and also to Grade of Service) directly impacts on the number of service channel resources that are required to transport the User_Net_Bit_Rates streams.

These parameters are necessary to determine the actual amount of resource which is needed to carry the traffic issued from the cell. For circuit-switched services, the necessary parameter is acceptable blocking, the maximum percentage of calls which cannot be treated by the network. 

For packet-switched services, the quality of service is defined in terms of maximum packet delay and packet loss probability.  The acceptable values of these parameters must be established for a given Service_Type “s”.

The throughput of a packet switched system is dependent on the choice of a suitable multiple access protocol (e.g.,Aloha, PMRA, etc.).  Given a particular protocol, the total throughput may be determined for a particular Service_Type “s” by application of a suitable traffic model and an appropriate packet Quality_of_Service_Functiones.

Traffic models for packet switched are dependent on many parameters, some of which might be included in the Net_System_Capabilityes variable.  Some example packet switched traffic parameters are:

–	statistical arrival times of various sessions;

–	numbers of packet bursts per session;

–	arrival times of packet bursts within a session;

–	packet size statistics.

The values of the above are also Service_Type “s” dependent.  When a session consists of multiple services an aggregate traffic model should be used.

The requisite function that is used for the calculation of Quality_of_Service_Functiones relative to the number of service channels is a matter of choice of the appropriate function to match the Service_Type “s” selected.  For example, Erlang B with a blocking value of some percentage (say 2% blocking) has traditionally been used for speech (circuit switched) and may be an appropriate choice to apply in the determination of spectrum associated with the speech service type.  Other functions as discussed previously, which describe Quality_of_Service_Functiones appropriate to packet switched would be used in calculations of packet based service types.

In consideration that radio transmission technologies and system deployments may provide some measure of traffic “sharing” or “redirection” among adjacent cells (perhaps in hierarchical or other arrangements) it is appropriate to consider traffic and Quality_of_Service_Functiones within a grouping of cells.

The term Group_Sizees is used to describe the number of cells considered to be grouped for the purpose of application of traffic and Quality_Of_Service_Functiones.  The Group_Sizees does not imply any particular geometry, although an example could be a regular hexagonal cell grid which results in a Group_Sizees of seven, the value arising from the cell in question and the surrounding six first tier cells.

Essentially, the Traffic/Celles is multiplied by the Group_Sizees and the Blocking_Criterias function applied over this grouping.  Then to obtain the Service_Channels/Celles the Group_Sizees is divided out to restore the valuation to a per cell basis. 

This calculation step has the impact of some reduction in the number of Service_Channels/Celles by considering some improvement in efficiency in the traffic spread in a geographic grouping.  To the extent that grouping and/or traffic sharing across geographically grouped cells is included in the System_Capabilityes parameter, then the Group_Sizees should be set to the value of one and the Blocking_Criterias function calculation performed on the traffic in a single cell.

Similarly, if the effects of a Quality_of_Service_Functiones are included in the System_Capabilityes parameter, then the Blockings function should be set to a value of one, which should in principle, also require that the Group_Sizees value be set to unity.

C	Technical And System Considerations

C1	Calculate number of Service_Channels/Celles required to carry Offered_Traffic/Celles									Units:none

The calculation of the number of Service_Channels/Celles is a complex function that involves use of the parameters discussed previously:

Service_Channels/Celles = (QOSes {Offered_Traffic/Celles*Group_Sizees; 

  Blocking Criterias})/Group_Sizees	

Service_Channels/Celles is the actual number of “channels” that must be provisioned to carry the intended traffic.  A service channel is a channel which supports a service needing to have transported the corresponding Net_User_Bit_Rates for the selected service “s”.  

In general terms, a physical transmission facility offers a corresponding physical bitrate, which may be sub-divided into several sub-rate transmission pipes, each of which can support a number of service channels.

C2	Determine Service_Channel_Bit_Ratees needed to carry Net_User_Bit_Rates  										Units:  kbit/second

Due to modularity of the bitrate of the service channel, it is possible that the Service_Channel_Bit_Ratees might be equal to or greater than the corresponding Net_User_Bit_Ratees.  An example of this would be a Service_Channel_Bit Ratees of 16 kbit/s to carry a 14 kbit/s Net_User_Bit_Rates, or an 80 kbit/s Service_Channel_Bit_Ratees to carry a 64 kbit/s Net_User_Bit_Rates.

Service_Channel_Bit_Ratees can also include impacts related to coding factors and channel overhead.  To the extent that the actual bit rate of the service channel, coding factors and channel overhead impacts are not included in the Net_System_Capabilityes.  they should be included here. Ignoring any factors related to Service_Channel_Bit_Ratees that cause it to be greater than the Net_User_Bit_Rates, the Service_Channel_Bit_Ratees is merely equal to the Net_User_Bit_Rates . 

C3	Calculate Traffices							Units:  Mbit/s/cell

(Note conversion to Mbit/s from kbit/s)

Tes = Service_Channels/Celles*Service_Channel_Bit_Ratees

At this stage the traffic has been totaled for all the factors represented by the environment, service type, selected direction of transmission, cell geometry, quality of service aspects, traffic efficiencies across a group of cells, and service channel bit rate requirements.

C4	Net_System_Capabilityes  ( Ses )				Units:  Mbit/s/MHz/cell

(An equivalent expression for bits/s/Hz/cell)

Determine Net_System_Capability Parameters			Units:  varied

Ses is a measure of the system capacity of a specific technology.  It is related to the spectral efficiency of mobile communication systems but contains many other factors.   Ses has the unit dimension of Mbit/s/MHz/cell. which is a direct equivalent to bits/s/Hz/cell.  Net_System_Capabilityes is not the same as spectral efficiency of the radio transmission technology.  It is comprised of a number of effects  that are combined in a complex manner appropriate to the radio transmission technology and the service type “s” and environment “e”.  Often the values required to determine the Net_System_Capabilityes are obtained from the results of complex system simulations.  

The major components of the Net_System_Capabilityes may include the following:

1)	Radio transmission technology design or engineering impacts including but not limited to:

–	Physical spectral efficiency of access technology used;

–	Requirements of a specific Eb/N0;

–	Requirements of a specific C/I;

–	Requirements for a specific frequency reuse plan;

–	Coding factors used by the radio transmission technology;

–	Overhead factors used by the radio transmission technology;

–	Environment - indoor, outdoor, stationary, pedestrian, vehicular.

2)	Deployment models and/or deployment technique including microcells, macrocells, hierarchical cells, or overlay cells, etc.

It therefore follows that there is a tradeoff between Net_System_Capabilityes and the quality or grade of service.

C5	Calculate Net_System_Capabilityes

Ses = Function of {Spectral Efficiency, Coding Factor, Overhead Factor, Deployment Model, and other factors}

This calculation proceeds using the values and parameters discussed previously as a function of appropriate combining functions.

D	Spectrum Results Considerations

D1	Calculate individual Fes Component for a given direction  

–	uplink (from the mobile station to the base station) or 

–	downlink (from the base station to the mobile station)

The amount of spectrum required for a given service and environment, in a given direction, is determined by dividing the Traffices (as determined in section C3) by the Net_System_Capabilityes (as determined in section C4).

Fes = Tes/Ses 	(either uplink or downlink)				Units:  MHz

D2	Repeat Process For Calculation of Other Direction (either downlink or uplink as appropriate)

Repeat steps A2 through D1 for the other direction (if not previously calculated).

D3	Calculate Fes for the Service “s”, combining uplink and downlink components

The total amount of spectrum required for a given service and environment is determined by directly adding the spectrum required for the uplink and downlink components.

Fes = (Fes uplink + Fes downlink)					Units:  MHz

D4	Repeat Process (steps A1 through D3) for All Desired  “e”, “s”

Repeat steps A1 through D3 for each combination of “e” and “s” that is being considered.

D5	Determine weighting factor (�symbol 97 \f "Symbol" \s 12�a�es) applicable to each individual Fes�									Units:  None

The weighting factor (�symbol 97 \f "Symbol" \s 12�a�es ) provides appropriate weighting in the spectrum requirements calculations and includes the following:

–	weighting to adjust for geographical offsets in overlapping environments;

–	weighting to correct for non-simultaneous busy hour traffic requirements.

The value for �symbol 97 \f "Symbol" \s 12�a�es  may range from zero up to unity, and the default value is 1.

D6	Determine adjustment factor (�symbol 98 \f "Symbol" \s 12�b�)				Units:  None

The adjustment factor (�symbol 98 \f "Symbol" \s 12�b�)  provides for impacts such as:

–	multiple operators (reduced trunking/spectral efficiency);

–	sharing with other IMT-2000 services/systems;

–	sharing with non- IMT-2000 services/systems;

–	guard bands;

–	technology modularity.  For example, if a technology uses 10 MHz FDD channels, then the requirements will necessarily be an integer factor of 20 MHz;

–	other adjustments to be justified.

This adjustment factor is an approximation across impacts of environments “e”, services “s” and other influences.  The default value for �symbol 98 \f "Symbol" \s 12�b� is 1, and other values should be technically justified.

D7	Calculate the final total FTerrestrial Spectrum Value	Units:  MHz

For each environment and service, each Fes is multiplied by �symbol 97 \f "Symbol" \s 12�a�es, and then the individual products are added together.  The result of the summation is multiplied by the adjustment factor (�symbol 98 \f "Symbol" \s 12�b�) to derive the total terrestrial spectrum required  FTerrestrial..

FTerrestrial  =  �symbol 98 \f "Symbol" \s 12�b� �symbol 83 \f "Symbol" \s 12�S��symbol 97 \f "Symbol" \s 12�a�es  Fes		MHz



�Appendix 1

Example Calculations

This example provides guidance on the application of the methodology detailed in Sections 2 and 3 of Annex 1.

The example is calculated with parameter values estimated from market research on public land mobile communications services, including IMT-2000, and with technical parameter values estimated from IMT-2000 radio transmission technologies, for the year 2010 view.  The results shown in this example should not be considered as providing an answer to the question of future spectrum requirements for public land mobile communications services, including IMT-2000, as all environments and services that must be considered for completeness may have not been included in the example.

Examination of environments and services reveals that there are potentially twelve values of the subscript “e” and six values for the subscript “s” that are representative major contributors to a spectrum requirement.  Hence, a complete calculation of the terrestrial spectrum requirement estimate for public land mobile communications services, including IMT-2000, would require the use of seventy-two terms in the summation of individual Fes terms. 

This example is based on a representative subset of environments and services as presented in the matrix below and these are sufficient to exercise all aspects of the methodology.



Representative Environments "e" and Services "s" (values for Fes )



Environments "e"�high density-in building�(CBD)�Urban pedestrian�Urban vehicular��Services "s"�����Speech (S)�Fes�Fes�Fes��Simple Message (SM)�Fes�Fes�Fes��Switched Data (SD)�Fes�Fes�Fes��Medium Multimedia (MMM)�Fes�Fes�Fes��High Multimedia (HMM)�Fes�Fes�Fes��High Interactive Multimedia (HIMM)�Fes�Fes�Fes��

The figures presented in the tables below are often rounded figures, but the calculation is performed with more digits to provide more accurate example results.

�A	Example for Year 2010

A1	Environment

A subset of all environments is considered for the purpose of this example: only high density-in building  also generally known as Central Business District (CBD); urban pedestrian, and urban vehicular. This subset of three environments is extracted from all possibilities because they correspond to superimposed layers in city centers.

It should be noted that no user should occupy two operational environments at a time.

A2	Direction of calculation 

–	uplink (from the mobile station to the base station) or 

–	downlink (from the base station to the mobile station).

The following calculations are detailed for each of the direction.

A3	Establish representative cell_area and geometry

The environments are defined to have the following geometry :

Table � SEQ Table \* ARABIC �1�

Environment description

Environment "e"�high density-in building�(CBD)�urban pedestrian�urban vehicular��geometrye�Circular�Hexagonal with three sectors�Hexagonal with three sectors��cell dimensione�Diameter=100 m�Radius = 600 m�Radius = 600 m��A4	Calculate Cell_Area

Based on the cell description, the cell areas are calculated as follows :

Table 2

Cell_Areae



Environment "e"�high density-in building

(CBD)�urban pedestrian�urban vehicular��cell_areae (km2)�7.85 ( 10-3�3.12 ( 10-1�3.12 ( 10-1��

�B1	Select service "s"

The services are as follows :

Table 3

Description of Service_Type “s” and corresponding Net_User_Bit_Rates

Net_User_Bit_Rates�(downlink) DL net bit rate (kbit/s)�(uplink) UL net bit rate (kbit/s)��Service Type "s"����Speech (S)�16�16��Simple Message (SM)�14�14��Switched Data (SD)�64�64��Medium Multimedia (MMM)�384�64��High Multimedia (HMM)�2000�128��High Interactive Multimedia (HIMM)�128�128��B2	Establish Population_Density

For the three environments considered, population densities can be chosen as follows :

Table 4

Population_Densitye

Environment "e"�high density-in building

(CBD)�urban pedestrian�urban vehicular��Population_Densitye�250,000�100,000�3,000��B3	Establish Penetration_Ratees

The following Table describes the penetration rates used in this example calculation:

Table 5

Penetration_Ratees in Percent

Environments "e"�high density-in building�(CBD)�Urban pedestrian�Urban vehicular��Services "s"�����Speech (S)�73 %�73 %�73 %��Simple Message (SM)�40 %�40 %�40 %��Switched Data (SD)�13 %�13 %�13 %��Medium Multimedia (MMM)�15 %�15 %�15 %��High Multimedia (HMM)�15 %�15 %�15 %��High Interactive Multimedia (HIMM)�25 %�25 %�25 %���B4	Calculate Users/Celles

Table below gives the Users/Celles calculated with the above assumptions:

Table 6

Users/Celles

Environments "e"�high density-in building�(CBD)�number of users�Urban pedestrian�

number of users�Urban vehicular�

number of users��Services "s"�����Speech (S)�1433�22756�683��Simple Message (SM)�785�12469�374��Switched Data (SD)�255�4052�122��Medium Multimedia (MMM)�295�4676�140��High Multimedia (HMM)�295�4676�140��High Interactive Multimedia (HIMM)�491�7793�234��

B5	Establish traffic parameters

The following traffic parameters are considered representative of the average user in each of the environment for each of the services:

Table 7

Busy_Hour_Call_Attemptes  expressed as calls in busy hour

Environments "e"�high density-in building (CBD)�calls in busy hour�Urban pedestrian�calls in busy hour�Urban vehicular�calls in busy hour��Services "s"��������Speech (S)�0.9��0.8��0.4���Simple Message (SM)�0.06��0.03��0.02���Switched Data (SD)�0.2��0.2��0.02���Medium Multimedia (MMM)�0.5��0.4��0.008���High Multimedia (HMM)�0.15��0.06��0.008���High Interactive Multimedia (HIMM)�0.1��0.05��0.008���

�Table 8

Call_Durationes  in seconds



Environments "e"�high density-in building�(CBD)�seconds�Urban pedestrian

seconds�Urban vehicular

seconds��Services "s"��������Speech (S)�120��120��120���Simple Message (SM)�30��30��30���Switched Data (SD)�156��156��156���Medium Multimedia (MMM)�13.9��13.9��13.9���High Multimedia (HMM)�53.3��53.3��53.3���High Interactive Multimedia (HIMM)�180��180��180���

Table 9

Activity_Factores



Environments "e"�high density-in building�(CBD)�dimensionless�Urban pedestrian

dimensionless�Urban vehicular

dimensionless��Services "s"�Uplink�Downlink�Uplink�Downlink�Uplink�Downlink��Speech (S)�0.5�0.5�0.5�0.5�0.5�0.5��Simple Message (SM)�1�1�1�1�1�1��Switched Data (SD)�1�1�1�1�1�1��Medium Multimedia (MMM)�1�1�1�1�1�1��High Multimedia (HMM)�1�1�1�1�1�1��High Interactive Multimedia (HIMM)�0.8�0.8�0.8�0.8�0.8�0.8��

�B6	Calculate Traffic/Useres

Table 10

Traffic/Useres  in call-seconds



Environments "e"�high density-in building

(CBD)

call-seconds�Urban pedestrian



call-seconds�Urban vehicular



call-seconds��Services "s"�Uplink�Downlink�Uplink�Downlink�Uplink�Downlink��Speech (S)�54�54�48�48�24�24��Simple Message (SM)�1.8�1.8�0.9�0.9� 0.6� 0.6��Switched Data (SD)�31.2�31.2�31.2�31.2�3.12�3.12��Medium Multimedia (MMM)�6.95�6.95�5.56�5.56�0.111�0.111��High Multimedia (HMM)�8�8�3.2�3.2�0.427�0.427��High Interactive Multimedia (HIMM)�14.4�14.4�7.2�7.2�1.15�1.15��

B7	Calculate Offered_Traffic/Celles

Table 11

Offered_Traffic/Celles  in call-seconds



Environments “e”   �high density-in building

(CBD)

call-seconds�Urban pedestrian



call-seconds�Urban vehicular



call-seconds��Services “s”�Uplink�Downlink�Uplink�Downlink�Uplink�Downlink��Speech (S)�7.74 ( 104�7.74 ( 104�1.09 ( 106�1.09 ( 106�1.64 ( 104�1.64 ( 104��Simple Message (SM)�1.41 ( 103�1.41 ( 103�1.12 ( 104�1.12 ( 104�2.24 ( 102�2.24 ( 102��Switched Data (SD)�7.96 ( 103�7.96 ( 103�1.26 ( 105�1.26 ( 105�3.79 ( 102�3.79 ( 102��Medium Multimedia (MMM)�2.05 ( 103�2.05 ( 103�2.60 ( 104�2.60 ( 104�1.56 ( 101�1.56 ( 101��High Multimedia (HMM)�2.36 ( 103�2.36 ( 103�1.50 ( 104�1.50 ( 104�5.98 ( 101�5.98 ( 101��High Interactive Multimedia (HIMM)�7.07 ( 103�7.07 ( 103�5.61 ( 104�5.61 ( 104�2.69 ( 102�2.69 ( 102��

The group size is selected to be equal to 7. The Offered Traffic/Cell shown below is the traffic across all 7 cells expressed in Erlangs.  

�Table 11a

Offered_Traffic/Celles *Group_Sizeesin Erlangs



Environments “e”   �high density-in building

(CBD)

call-seconds�Urban pedestrian



call-seconds�Urban vehicular



call-seconds��Services “s”�Uplink�Downlink�Uplink�Downlink�Uplink�Downlink��Speech (S)�150.5�150.5�2123.88�2123.88�31.86�31.86��Simple Message (SM)�2.75�2.75�21.82�21.82�0.44�0.44��Switched Data (SD)�15.49�15.49�245.85�245.85�0.74�0.74��Medium Multimedia (MMM)�3.98�3.98�50.51�50.51�0.03�0.03��High Multimedia (HMM)�4.58�4.58�29.09�29.09�0.12�0.12��High Interactive Multimedia (HIMM)�13.74�13.74�109.1�109.1�0.52�0.52��

B8	Establish Quality_of_Service_Functiones (QOSes) parameters

The quality of service function for circuit switched is selected to be Erlang B with a blocking of 2%. For packet switched services the Quality of service function is a rounding up to the next integer number.

C1	Calculate number of Service_Channels/Celles required to carry Offered_Traffic/Celles

The number of traffic channels required in the group is presented below:

Table 12a

Service_Channels per Group



Environments “e”�high density-in building

(CBD)�Urban pedestrian

�Urban vehicular

��Services “s”�Uplink�Downlink�Uplink�Downlink�Uplink�Downlink��Speech (S)�164�164�2137�2137�41�41��Simple Message (SM)� 3� 3�22�22�1�1��Switched Data (SD)�23�23�259�259�4�4��Medium Multimedia (MMM)�4�4�51�51�1�1��High Multimedia (HMM)�5�5�30�30�1�1��High Interactive Multimedia (HIMM)�21�21� 122� 122�3�3��

�The number of traffic channels required in the cell is service channels in the group divided by the group size of 7 and then rounded up. It is presented below:

Table 12b

Service_Channels/Celles



Environments “e”�high density-in building

(CBD)�Urban pedestrian

�Urban vehicular

��Services “s”�Uplink�Downlink�Uplink�Downlink�Uplink�Downlink��Speech (S)�23.43�23.43�305.3�305.3�5.86�5.86��Simple Message (SM)�0.43�0.43�3.14�3.14�0.14�0.14��Switched Data (SD)�3.29�3.29�37.0�37.0�0.57�0.57��Medium Multimedia (MMM)�0.57�0.57�7.29�7.29�0.14�0.14��High Multimedia (HMM)�0.71�0.71�4.29�4.29�0.14�0.14��High Interactive Multimedia (HIMM)�3.0�3.0� 17.43� 17.43�0.43�0.43��

C2	Determine Service_Channel_Bit_Ratees needed to carry Net_User_Bit_Rates

In this example, it is assumed that the Service_Channel_Bit_Ratees is equal to the Net_User_Bit Rates.

Table 13

Service_Channel_Bit_Ratees



Environments “e”�high density-in building

(CBD)

kbit/s�Urban pedestrian



kbit/s�Urban vehicular



kbit/s��Services “s”�Uplink�Downlink�Uplink�Downlink�Uplink�Downlink��Speech (S)�16�16�16�16�16�16��Simple Message (SM)�14�14�14�14�14�14��Switched Data (SD)�64�64�64�64�64�64��Medium Multimedia (MMM)�64�384�64�384�64�384��High Multimedia (HMM)�128�2000�128�2000�128�2000��High Interactive Multimedia (HIMM)�128�128�128�128�128�128��

�C3	Calculate Traffices

Based on the number of channels needed and on the service channel bit rate, the traffic in each cell can be derived.

Table 14

Traffices

Environments “e”�high density-in building

(CBD)

Mbit/s/cell�Urban pedestrian



Mbit/s/cell�Urban vehicular



Mbit/s/cell��Services “s”�Uplink�Downlink�Uplink�Downlink�Uplink�Downlink��Speech (S)�0.37�0.37�4.88�4.88�0.09�0.09��Simple Message (SM)�0.01�0.01�0.04�0.04�0.002�0.002��Switched Data (SD)�0.21�0.21�2.37�2.37�0.04�0.04��Medium Multimedia (MMM)�0.04�0.22�0.47�2.80�0.01�0.05��High Multimedia (HMM)�0.09�1.43�0.55�8.57�0.02�0.29��High Interactive Multimedia (HIMM)�0.38�0.38� 2.23� 2.23�0.05�0.05��

C4	Net_System_Capabiliy_ Parameterses (Ses)

A number of parameters must considered in determining key elements that influence the value of Net_System_Capabilityes. 

C5	Calculate Net_System_Capabilityes

For the purpose of this example, an improvement factor that is the expected improvement of system capabilities in the year 2010 relative to current systems is applied to current generation capabilities to obtain Net_System_Capabilityes

In this example, the following net system capabilities have been used:

Table 15

Net_System_Capabilityes (Ses) 

Environments “e”�high density-in building

(CBD)

kbit/s/MHz/cell�Urban pedestrian



kbit/s/MHz/cell�Urban vehicular



kbit/s/MHz/cell��Services “s”�Uplink�Downlink�Uplink�Downlink�Uplink�Downlink��Speech (S)� 67� 67� 67� 67� 67� 67��Simple Message (SM)� 73� 73� 73� 73� 73� 73��Switched Data (SD)� 73� 73� 73� 73� 73� 73��Medium Multimedia (MMM)� 73� 73� 73� 73� 73� 73��High Multimedia (HMM)� 73� 73� 73� 73� 73� 73��High Interactive Multimedia (HIMM)� 73� 73� 73� 73� 73� 73���D1	Calculate individual Fes component for a given direction (either uplink or downlink)

D2	Repeat process for calculation of other direction (either downlink or uplink as appropriate)

Using the traffic calculated above and the example net system capability, the Fes components for each direction, each environment and each direction can be derived as follows :

Table 16

Individual spectrum requirements (Fes)



Environments “e”�high density-in building

(CBD)

MHz�Urban pedestrian



MHz�Urban vehicular



MHz��Services “s”�Uplink�Downlink�Uplink�Downlink�Uplink�Downlink��Speech (S)� 5.6� 5.6� 72.9� 72.9� 1.4� 1.4��Simple Message (SM)� 0.08� 0.08� 0.6� 0.6� 0.03� 0.03��Switched Data (SD)� 2.9� 2.9� 32.4� 32.4� 0.5� 0.5��Medium Multimedia (MMM)� 0.5� 3.0� 6.4� 38.3� 0.1� 0.8��High Multimedia (HMM)� 1.3� 19.6� 7.5� 117.4� 0.3� 3.9��High Interactive Multimedia (HIMM)� 5.3� 5.3� 30.6� 30.6� 0.8� 0.8��

D3	Calculate Fes for the service "s", combining uplink and downlink components

The summation gives the following results:

Table 17

Fes combining the uplink and downlink components



Environments "e"�high density-in building

(CBD)

MHz�Urban pedestrian�



MHz�Urban vehicular�



MHz��Services "s"�����Speech (S)� 11.2� 145.8� 2.8��Simple Message (SM)� 0.2� 1.2� 0.05��Switched Data (SD)� 5.8� 64.9� 1.0��Medium Multimedia (MMM)� 3.5� 44.7� 0.9��High Multimedia (HMM)� 20.8� 124.9� 4.2��High Interactive Multimedia (HIMM)� 10.5� 61.1� 1.5���D4	Repeat process (steps A1 through D3) for all desired Fes

The results have been presented in tables that show the values for all services "s" and all environments "e".

D5	Determine weighting factor ((es) applicable to each individual Fes

If all services are assumed to have coincident busy hours, and the three environments are collocated in the same geographical area, the weighting factors are assumed to be one :

(es = 1 for all "e" and "s"

D6	Determine adjustment factor (()

To take account of the trunking inefficiency and the guard bands, an adjustment factor of 5% can be taken.

( = 1.05

D7	Calculate the final total FTerrestrial spectrum value

For this example, the summation of the components with the adjustment factor gives

FTerrestrial = 530.3 MHz

In this example, the result shown for FTerrestrial  is the spectrum requirement estimate for public land mobile radio service, including IMT-2000, in the year 2010 because of assumptions made in the traffic and market forecasts, (namely, that the forecasts included first and second generation public land mobile radio services, and future expected IMT-2000 services). 

In must be restated that, the results shown in this example should not be considered as providing an answer to the question of future spectrum requirements for public land mobile communications services, including IMT-2000, as all figures given in this example are still under study and all environments and services that must be considered for completeness may have not been included in the example.







�ANNEX 4

(Source: 	Attachment to Document 8/34 )

DRAFT NEW RECOMMENDATION ITU-R M.[DOC. 8/34]* 

THRESHOLD LEVELS TO DETERMINE THE NEED TO COORDINATE BETWEEN SPACE STATIONS IN THE BROADCASTING SATELLITE SERVICE�(SOUND) AND PARTICULAR SYSTEMS IN THE LAND MOBILE�SERVICE IN THE BAND 1 452-1 492 MHz

(Question ITU-R 106/8)



Summary

Until such time as additional studies are complete, the power flux-density level specified in this Recommendation may be applied as coordination trigger threshold level to space stations in the broadcasting-satellite service (sound) operating in the frequency band 1 452-1 492 MHz to share this frequency band with particular land mobile systems.

The ITU Radiocommunication Assembly

considering

a)	that WARC-92 allocated the band 1 452-1 492 MHz on a primary basis in world-wide basis to the broadcasting-satellite service (sound) (BSS(s)), subject to the provisions of RR Nos. S5.342, S5.343, S5.344 and S5.347, and to Resolution 528 (WARC-92);

b)	that the frequency band in a) is also allocated to the mobile service;

c)	that there are a number of common characteristics and parameters among the various land mobile systems (LMS) now in operation;

d)	that the protection criteria for LMS in general is yet to be determined;

e)	that the performance objectives for the LMS in general are yet to be determined;

f)	that land mobile service stations may receive interference caused by emissions from satellite transmitters in the BSS(s);

g)	that this Recommendation does not negate the ability of administrations to seek coordination under Resolution 33 (WARC-79);

h)	that there is already a coordination threshold between the mobile-satellite service and the land mobile service in No. S5.348A in the Radio Regulations in the band 1 492-1 525 MHz;

j)	that there are no appropriate coordination threshold levels to protect the land mobile service in the band 1 452-1 492 MHz;

k)	that it is difficult to change technical parameters in the existing systems operating in the above band;

l)	that the coordination threshold specified in Recommendation ITU-R F.1338 dealing with the interference from the BSS(s) to the fixed service may not be appropriate for this purpose;

m)	that methods and techniques for effective coordination need to be established,

recommends

1	that for BSS (s) geostationary space stations, and until such time as further studies related to considerings d) and e) are completed, the following power flux-density levels at the surface of the Earth may be applied as the coordination threshold with particular systems in the land mobile service operating in the band 1 452 to 1 492 MHz (see Notes 1 to 4);



		-150dB (W/m2) in 4 kHz for all angles of arrival (Note 5 and 6),



NOTE 1 – LMS technical parameters based on particular digital systems referred to in recommends 1 are given in Annex 1 to this Recommendation.

NOTE 2 – The power flux-density (PFD) level set out in recommends 1 was derived using a deterministic analysis methodology for the mobile station at the service area boundary.

NOTE 3 – The use of a probabilistic analysis based on the acceptability of a marginal reduction in service availability within a small percentage of the total service area may lead to higher coordination trigger thresholds.

NOTE 4 – Administrations are encouraged to consider the sharing measures set out in Annex 2 to this Recommendation. In the specific case that coordination is necessary in the band used for repeater station receivers in LMS systems, section 2.2 of Annex 2 would be relevant as the measures described there may enhance the prospect of sharing.

NOTE 5 – Analogue LMS systems also operate in the shared band and until  such time as sharing studies related to such a use of the LMS band are completed, the PFD trigger threshold in recommends 1 may be provisionally applied.

NOTE 6 – The reference bandwidth of 4 kHz may be reviewed in the actual coordination process.

�

ANNEX 1 TO ANNEX 4

Technical parameters of particular systems in the land mobile service



Table 1 gives technical parameters of a digital system in the land mobile service, which are already operating in the band 1 452 to 1 492 MHz in one country. The value in Table 1 represents the requirements around edge of each service coverage area.

Table 1

C level�dB (W/4 kHz)�- 146.2��Thermal noise�dB (W/4 kHz)�-162.8��Total interference noise�dB (W/4 kHz)�-161.7��Antenna aperture�dB (m2)�-22.8��Allowable PFD for inter-service interference�dB (W/m2/4 kHz)�-148.9���

ANNEX 2 TO ANNEX 4

Measures to facilitate inter-service sharing



1)	Interference mitigation techniques

For land mobile systems, techniques such as diversity reception, digital modulation and channel coding, and code division multiple access would assist sharing with BSS(S) systems.

2	Implementation measures

When interference calculations are being made, worst case scenarios and deterministic methodologies are likely to be used which could tend to lead to the conclusion that co-frequency or co-channel sharing by different services cannot occur. Probabilistic methodologies based on reduced LMS availability may enhance the possibility of frequency sharing, however this issue requires further study.

Typical technical parameters are generally used to establish appropriate sharing criteria. Those parameters may not reflect the existing LMS usage of the band. Specifically in the case that the LMS band is divided into sub-bands and used for particular types of LMSs, each with their own particular set of operating characteristics, different revised sharing criteria may apply to each of them.

Where an administration wishes to establish a new system and appropriate sharing criteria have not been finalized, the measures outlined below should be considered to ensure that harmful interference is not caused to the existing service or the proposed new service.

2.1	Initially, geographical separation will be a consideration, but as adjacent border areas will be most affected; this option may be limited.

2.2	Where practicable it may be possible to identify spectrum for the proposed BSS(s) which takes advantage of the operational characteristics of particular types of LMS used in the shared band. For example, it may be possible to use the discrimination of certain types of LMS receive antennas towards the satellite orbit to gain additional protection of the LMS.

2.3	Where practicable methods such as interference cancellers, special screening, and adaptive antenna systems may be implemented (Recommendation ITU-R SM.856).

2.4	In the longer term, moves to the use of improved transmission techniques, such as spread spectrum (Recommendation ITU-R SM.1055), coding techniques, automatic power control, and energy dispersal, may further facilitate inter-service sharing.

�ANNEX 5

(Source: 	Document 8/23)

DRAFT REVISION of RECOMMENDATION  ITU-R  M.1036

SPECTRUM  CONSIDERATIONS  FOR  IMPLEMENTATION  OF  �INTERNATIONAL  MOBILE  TELECOMMUNICATIONS-2000  (IMT-2000)�IN  THE  BANDS  1 885-2 025  MHz  AND  2 110-2 200  MHz�

(Question ITU-R 39/8)

(1994)

Rec. ITU-R M.1036

1.	IntroductionPreface

International Mobile Telecommunications-2000 (IMT-2000) are third generation mobile systems (TGMS) which are scheduled to start service around the year 2000 subject to market considerations. They will provide access, by means of one or more radio links, to a wide range of telecommunication services supported by the fixed telecommunication networks (e.g. PSTN/ISDN), and to other services which are specific to mobile users.

A range of mobile terminal types is encompassed, linking to terrestrial and/or satellite based networks, and the terminals may be designed for mobile or fixed use. 

Key features of IMT-2000 are:

–	high degree of commonality of design worldwide,

–	compatibility of services within IMT-2000 and with the fixed networks,

–	high quality,

–	use of a small pocket-terminal with worldwide roaming capability,

–	capability for multimedia applications and a wide range of services.

IMT-2000 are defined by a set of interdependent ITU Recommendations of which this one is a member. 

This Recommendation forms part of the process of specifying the radio interface(s) of IMT-2000. IMT-2000 will operate in the frequencyworldwide bands identified by the World Administrative Radio Conference for Dealing with Frequency Allocations in Certain Parts of the Spectrum (Malaga-Torremolinos, 1992) (WARC-92) (1 885�2 025 and 2 110�2 200 MHz which are identified in the Radio Regulations as intended for use on a worldwide basis by Administrations wishing to implement IMT-2000, with the satellite component limited to 1 980�2 010 and 2 170�2 200 MHz). 

The subject matter of IMT-2000 is complex and its representation in the form of Recommendations is evolving. To maintain the pace of progress on the subject it is necessary to produce a sequence of Recommendations on a variety of aspects. The Recommendations strive to avoid apparent conflicts between themselves. Future Recommendations, or revisions, will be used to resolve any discrepancies. �Scope

The scope of this Recommendation is to provide principles to guide Administrations on spectrum related technical issues relevant to the implementation and use of IMT-2000 in the bands identified in the Radio Regulations1, while minimising the impact on other systems and services in the bands and facilitating IMT-2000 growth as countries require it.

Many of the technical characteristics of IMT-2000 will be the subject of future Recommendations in the IMT-2000 series and a flexible treatment is necessary to accommodate this and the development of the IMT-2000 standards.

This Recommendation addresses the principles covering the use of the relevant bands by IMT-2000 which can assist Administrations to plan their future use of these bands to enable the most effective and efficient use of the spectrum to deliver IMT-2000 services.

2.	Purpose

	At this stage of IMT-2000 development it is neither appropriate nor possible to produce a definitive Recommendation on IMT-2000 operation in the bands 1 885-2 025 MHz and 2 110�2 200 MHz. However a more general Recommendation on the relevant principles covering the exploitation of these bands by IMT-2000 can provide valuable early advice to Administrations to enable them to plan use of the relevant bands.

	Thus the purpose of this Recommendation is to give principles to guide Administrations on spectrum technical issues relevant to the implementation of IMT-2000 in the bands identified by WARC-92, while minimising the impact on other systems and services in the bands and facilitating IMT-2000 growth as countries require it.

The ITU Radiocommunication Assembly,

considering

a)	that the Radio Regulations (RR)WARC-92 identifyied the bands 1 885-2 025 MHz and 2 110-2 200 MHz as intended for usebeing available on a worldwide basis by Administrations wishing to implementfor use by the terrestrial component of IMT-2000, as indicated in RR S5.388, and Resolution 212 (Rev. WRC-97);

b)	that the Radio RegulationsWARC-92 also allocateidentified within these bands the portions 1 980�2 010 MHz and 2 170-2 200 MHz to the mobile-satellite service (MSS)as being available on a worldwide basis, potentially for use by the satellite component of IMT-2000, under the provisions of RR S5.389A from the year 2005;

c)	that the Radio Regulations also allocate 2 010 – 2 025 MHz and 2 160 – 2 170 MHz in Region 2 to the MSS under the provisions of RR S5.389C, S5.389D and S5.389E;

d)	that the different allocations to the MSS impacts upon the common spectrum available worldwide for the terrestrial component of IMT-2000, if frequency sharing with the satellite component is to be avoided;

e)	that in some countries, within the lower part of the 1 885 – 2 025 MHz IMT-2000 band, DECT (Digital Enhanced Cordless Telecommunications) operates at 1 880 – 1 900 MHz, and PHS (Personal Handyphone System) at 1 893.5 – 1 919.6 MHz. Also, in some countries PCS (personal communication systems) systems based on North American standards employ 80 MHz duplex separation within the band 1 850 – 1 990 MHz; 

f)	that the bands identified for the implementation of IMT-2000 (1 885 – 2 025 MHz and 2 110 - 2 200 MHz) are used by terrestrial fixed services;

gc)	that the initial implementations of the terrestrial component of IMT-2000 areis expected to commence aroundby the year 2000 subject to market considerations;

hd)	that the simultaneous availability of both the terrestrial and satellite components of IMT-2000 would improve the overall implementation and attractiveness of IMT-2000 to both developed and developing countries;

je)	that the bands identified in § a) above are shared with other systems of the mobile, fixed and mobile-satellite services and a portion with the space research service, many of these systemswhich are in use now;

kf)	that these bands are used differently in various countries;

lg)	that the traffic and service mix carried by IMT-2000 networks may vary from country to country, and also within countries., In some parts of the world, additional spectrum may be required� whilst and that in othermany locations or parts of the world a bandwidth of less than 230 MHz could be adequate to meet IMT-2000 services present and future demands;

mh) 	the need to support the operation of IMT-2000 terminals in different regulatory environments including unlicensed and licensed unregulated (residential and business cordless telephone) applications and regulated (public access) applications;

nj)	that the various radio access technologies that may be appropriate for IMT-2000 have not yet been selected, and that such technologies may have different channel bandwidth requirements, and hence varying impact on the basic frequency usage possibilities;

ok)	that traffic handled by mobile systems as well as the number and diversity of services will continue to grow;

pl)	that worldwide compatibility, possibly including a partial common frequency sub-band, willwould facilitate international roaming and therefore have a major positive impact on the personal station component of IMT-2000;

qm)	that future systems may include the use of a range of cell types from indoor cells to satellite cells, which must be able to coexist in a given location;,

r)	that IMT-2000 will offer wider-bandwidth services than earlier systems in order to meet increasing customer demands, and this could create a demand for additional spectrum beyond that earlier estimated;

s)	that efficiency of spectrum use requires consideration of the balances between IMT�2000 system costs and bandwidth needed.



noting

a)	that Administrations are seeking guidance as to proposed use of the 230 MHz spectrum identified for IMT�2000 at the WARC-92, which in its Resolution No. 212 of the WARC-92 reflected the ex-CCIR estimates of minimum requirements for IMT-2000 spectrum of approximately 170 MHz for mobile stations and 60 MHz for personal stations;

b)	that many of the technical characteristics of IMT-2000 have still to be developed and defined by the ITU;

c)	that early information on the principles covering the use of the relevant bands by IMT-2000 can assist Administrations to plan their future use of these bands;

d)	that to make the best possible use of the available spectrum and to facilitate sharing with other services, IMT�2000 could employ advanced dynamic frequency assignment techniques to avoid harmful interference to co�frequency services;

e)	that the two 30 MHz-wide bands available globally for the satellite component of IMT-2000 are together suited to frequency division duplex with a 190 MHz duplex spacing;

f)	that potential duplex techniques considered for use by IMT-2000 include time division duplex (TDD) which uses a single band and frequency division duplex (FDD) which can use paired bands with sufficient frequency separation (the total amount of spectrum is the same for either technique). Allocations of spectrum segments appropriate to FDD implementations are generally also satisfactory for TDD implementations but the converse is not necessarily true; TDD offers the opportunity to exploit unpaired segments of spectrum;

g)	that there are many possible forms of FDD implementation and that if, for example, the 190 MHz duplex spacing of the satellite component is used for terrestrial FDD systems, the sub-bands 1 920-2 010 MHz and 2 110�2 200 MHz together could provide up to twice 90 MHz for FDD operation. In this case the remaining sub-bands 1 885-1 920 MHz (35 MHz wide) and 2 010-2 025 MHz (15 MHz wide) would be less well suited to FDD operation but could be well suited to TDD operation (see noting b)),

recommends

1.	Implementation of IMT-2000

1.	that Administrations, in planning the implementation of IMT-2000, in the bands as identified, do so on the basis of the following objectives:

1.1	to facilitate introduction of IMT-2000 around the year 2000 subject to market considerations and ;

1.2	to facilitate the development and growth of IMT-2000 as countries require it;

1.32	to minimise the impact on other systems and services within, and adjancent to, using the IMT-2000 bands;

1.43	to preserve flexibility of system implementation, including choice of multiple access, duplex, and modulation techniques until the Recommendations standards for the IMT-2000 radio interface(s) have been established and Recommendations have been adopted by the ITU;

1.45	to facilitate worldwide roaming of IMT-2000 terminals;

1.56	to integrate efficiently the terrestrial and satellite components of IMT-2000;

1.67	to optimise the efficiency of spectrum utilisation within the IMT-2000 bands;

1.78	to allow the possibility for competition;

1.89	to facilitate the use of IMT-2000 technologies for fixed and other special applications such as those of developing countries;

1.910	to accommodate various types of traffic and traffic mixes;

1.110	to facilitate worldwide equipment standards;

1.11	to facilitate access to services globally within the framework of IMT-2000;

1.12	to minimise terminal costs, size and power consumption, where appropriate and consistent with other requirements;

2.	Traffic requirements

that consideration should be given to the impact of possible asymmetric traffic requirements, noting that IMT-2000 traffic requirements may in some instances be asymmetric in direction while in other instances  the traffic may be symmetric.  Until commercial IMT-2000 services commence it is difficult to predict the level of asymmetry of the traffic.

3.	Segmentation of the spectrum

that in order to make most effective and efficient use of the bands to deliver IMT-2000 services and facilitate the growth and development of IMT-2000, the IMT-2000 bands:

2.	that Administrations, in planning the implementation of IMT-2000, in the bands as identified, do so on the basis of the following principles:

32.1	in order to maintain flexibility, the bands identified for IMT-2000 should not, ideally, be segmented for different types of IMT-2000 radio interfaces or services except where necessary for technical and regulatory reasons. For example, it may be necessary to separate the terrestrial and satellite components of IMT-2000 in this way (see § 2.5);

3.2	should, to maintain flexibility of deployment, be available for use in either Frequency Division Duplex (FDD) mode, Time Division Duplex (TDD) mode, or both, and should not, ideally, be segmented between FDD and TDD modes except where necessary for technical and regulatory reasons;

	noting that

-	it is likely that some IMT-2000 environments will require FDD;

-	TDD may help to prevent asymmetric traffic demands from decreasing the efficiency of spectrum use;

-	it is likely that in some IMT-2000 terrestrial environments, TDD will be used either by itself or in combination with FDD.

4.	Duplex direction and separation

4.1	that terrestrial systems, when operating in FDD mode, should maintain the conventional duplex direction, with mobile terminal transmit within the lower band and base station transmit within the upper band, following studies as summarised in Annex 2, which have shown that this use is preferable when considering:

	(i)	compatibility with MSS operating in the bands given in considerings b) and c) above;

	(ii)	compatibility with non IMT-2000 terrestrial services;

	(iii)	the development of dual mode satellite / terrestrial terminals;

	(iv)	differences in propagation loss (resulting in changes in battery life and/or cell size)

	(v)	the impact on global roaming;

4.2 	that any frequency separations between uplink and downlink allocations should be allowed to permit independent management of uplink and downlink resources;

4.3	that complexity implications are for further study.

5.	Global roaming 

that bands required for global roaming should be made available from within the bands identified for IMT-2000 in considering a).

6.	Spectrum efficiency

that methods should be employed to ensure efficient use of the spectrum, such as the following:

6.1	radio transceiver technology and access protocols, including access technology, modulation and coding, adaptive interference management, diversity techniques, and smart antenna technology;

6.2	applications and services technology, including the use of packet transmission, asymmetry management, compression techniques and agent technology;

6.3	radio channel access management, i.e. the management of instantaneous access to spectrum, to reduce the probability of idle channels during peak traffic hours; 

7.	System development

that the necessary frequencies should be made available for IMT-2000 system development in a timely manner, as appropriate; 

8.	Sharing and Compatibility

8.1	that due consideration is given to the spectrum sharing and compatibility issues arising from the implementation of IMT-2000, the need to identify services in adjacent frequency bands that may be affected by the implementation of IMT-2000 and to perform studies as necessary to ensure co-existence of these services and the need to consider sharing issues such as that between terrestrial and satellite components of IMT-2000 or between IMT-2000 and such services that may presently be operating in the bands identified for IMT-2000;

8.2	that due consideration is given to the results of certain compatibility studies that have been undertaken to consider co-existence between services and between systems in these frequency bands, for instance on sharing with the satellite component of IMT-2000.  The conclusions of these compatibility studies are outlined in Annex 1;

8.3	that due consideration is given to these issues to ensure that the implementation of IMT�2000 on a global basis does not result in unacceptable interference to existing services in the IMT�2000 spectrum or those operating in adjacent spectrum, whilst considering that a wide range of services and systems are variously deployed in these bands around the world.

�ANNEX 1 

Satellite component sharing issues

1	Sharing with the fixed service

Sharing between systems in the MSS and fixed service (FS) was extensively studied by the ITU-R in preparation for WRC-95. The conclusions of the studies, which are summarised in the CPM Report to WRC-95, were 

The aggregate interference from multiple FS transmitters in densely used parts of the MSS uplink band into MSS satellites would be unacceptable; however, in the early years when MSS traffic is low MSS operators may be able to avoid interference by using lightly used parts of the band;

Detailed coordination of MSS downlinks may be feasible in the short-to-medium term; however, as MSS traffic levels increase over time it will become increasingly difficult to share.

These conclusions led WRC-95 to adopt Resolution 716 which urges Administrations to implement any new 2 GHz FS systems outside the 2 GHz MSS bands and calls for the gradual transition of FS systems away from the 2 GHz MSS bands.

Also based on these conclusions and further work conducted after WRC-95, the coordination thresholds and procedures of Recommendations ITU-R M.1141, M.1142, M.1143, M.1319 and Resolution 46 (Rev. WRC-97) have been developed.



2	Sharing with the IMT-2000 terrestrial component

Sharing between the satellite and terrestrial components of IMT-2000 is in many ways similar to sharing between MSS and the FS.

In the MSS uplink band, considering that the e.i.r.p. of terrestrial IMT-2000 transmitters at high elevation angles will be similar to FS e.i.r.p levels, and that the number of terrestrial IMT-2000 stations will greatly exceed the number of FS stations, the aggregate interference from this large number of terrestrial IMT-2000 stations will be unacceptable to MSS satellite receivers.

In the MSS downlink band, sharing could lead to a decrease in cell size and / or capacity for the terrestrial IMT-2000 component.

In both the MSS uplink band and the MSS downlink band the interference between mobile earth stations and terrestrial IMT-2000 stations would impose significant limitations on satellite and/or terrestrial service areas and require complicated coordination.

For these reasons, it is clear that co-coverage, co-frequency sharing between the terrestrial and satellite components of IMT-2000 is not feasible.

3	Sharing between satellite systems

Sharing between MSS systems was studied by the ITU-R in preparation for WRC-95, and studies have continued also after WRC-95. The CPM Report for WRC-95 states that:

Sharing on a co-frequency co-coverage basis between MSS network employing TDMA or FDMA techniques is not feasible. 

With potentially severe constraints on system capacity, limited co-frequency, co-coverage sharing may be possible between MSS networks using FDMA or TDMA and networks using CDMA.

MSS networks using CDMA can share on a co-frequency, co-coverage basis; the attendant capacity constraints increase with the number of such co-frequency networks.

These results are confirmed by the studies conducted for WRC-97. The CPM Report for WRC�97 states that:

An analysis has been performed on uplink parameters which impact on sharing between global non-GSO MSS systems using different access technologies (FDMA/TDMA and CDMA) under a co-directional, co-frequency, co-coverage scenario. It was shown that it would not be possible to modify these parameters in such a way as to acceptably control the intersystem interference between an FDMA/TDMA MSS system and a CDMA-based system serving the same area with the same frequencies.

For the case between two FDMA/TDMA MSS systems the result will be the same as for different technologies. For example, the possibility of increasing the received signal power in order to overcome the intersystem interference was considered. In this case it was shown that all of the techniques available to increase the desired signal receive power would also increase the interfering signal receive power.

However, for systems which are both using CDMA access technologies, depending on the parameters chosen, sharing is possible. The basis for such sharing is found in Recommendation ITU-R M.1186, "Technical considerations for the coordination between MSS networks utilising code division multiple access (CDMA) and other special spectrum technologies in the 1 - 3 GHz band".





�ANNEX 2

SUMMary of conclusions RELATING TO THE DUPLEX DIRECTION



1  	Compatibility with existing and future services

1.1  	Compatibility with MSS allocations including IMT-2000 satellite component

1.1.1  	Interference to and from Satellites

The results of theoretical calculations show that the normal assignment which assigns the lower band to the up-link (from mobile station to base station) is preferable to the reverse assignment. These results also show that the base station-to-satellite and satellite-to-base station interference is larger than the mobile station-to-satellite and satellite-to-mobile station interference, respectively. 

1.1.2  	Interference to Mobile Earth Stations (MESs)

Studies have shown that the interference to the MESs of the satellite component of IMT-2000 would be increased also if the duplex direction is reversed.

�1.1.3  	Conclusions

Reversing the duplex direction would create considerable compatibility problems on a worldwide basis with satellites and MESs in the satellite component of IMT�2000. It would increase the need for greater guard bands and cause a corresponding loss in overall spectral efficiency. This may have a considerable impact on the spectrum requirements of IMT-2000. Considering these results the conclusion is that the terrestrial bands should employ the traditional duplex direction.

1.2  	Compatibility with PCS

PCS1900, ANSI IS-136 and ANSI IS-95 are different systems that have been implemented in some countries to provide PCS.

It has been shown that the guard bands necessary between PCS1900 and IMT-2000 can be reduced if the duplex direction is reversed.

However, results with power control on the downlink and conventional duplex direction show that this guard band is of the same level of magnitude as the one necessary between two uncoordinated IMT-2000 terrestrial operators.

It should be noted that power control may not always be used by the base station in PCS1900  (for BCCH carriers for instance), IS136 and IS95 systems. If power control is not used on the closest carriers, the required guard bands are larger.

1.3  	Compatibility with other terrestrial allocations

The choice of the duplex direction would not affect some existing terrestrial land mobile systems operating in adjacent bands such as DCS1800 and DECT. However, interference to PHS is increased if the duplex direction is reversed.

1.4  	Compatibility between TDD and FDD blocks

Some studies have shown that interference with systems operating in TDD mode is increased if the base station operating in FDD mode transmits in adjacent bands.

2  	Dual mode satellite/terrestrial terminals

2.1  	Sharing Common RF Circuitry

The degree of sharing of RF circuitry between the two modes is not considered to be of significance when examining the terrestrial duplex direction. The coupling between the two modes and the requirement for simultaneous transmission are considered much more important.

2.2  	Simultaneous Operation

When considering the effect of terrestrial duplex direction on dual mode terminals, the requirement for simultaneous operation of both the terrestrial and satellite components should be considered, along with the potential constraints that terrestrial duplex direction may place on such operation.

Situations where simultaneous operation may be used include:

Terminal in standby mode (i.e. carrying no user traffic, only signalling traffic): the terminal is logged-on to both the terrestrial and satellite networks (or parts of the network). With simultaneous operation, the loss or gain of one mode, due to loss or gain of coverage for example, would not prevent the alternate mode from operating normally. Without simultaneous operation this would not be the case; for example, consider the transition between satellite and terrestrial modes at the edge of terrestrial coverage:

Transition from the terrestrial mode to the satellite mode may be possible using an appropriate time-out before connection to the satellite component is initiated. However, this is not desirable since it implies that the user is out of all coverage from some duration.

Transition from the satellite mode to the terrestrial mode is much more complex; the terminal will not be aware that terrestrial coverage is available in order to initiate connection to the terrestrial component.

Terminal in use (i.e. carrying user and signalling traffic): one mode of a terminal is carrying a call, whilst the second mode is logged-on to the alternate component. Without simultaneous operation any future possibility of developing handover between satellite and terrestrial components would be excluded. Also, simultaneous operation permits the delivery of additional services via the alternate component, e.g. paging, short messaging services.

With a conventional terrestrial duplex direction, simultaneous operation of both modes is straightforward to achieve, as there is sufficient spectral separation for practical filtering to be employed to protect the receiver(s).  However, with a reversed terrestrial duplex direction, adequate filtering may be difficult to achieve. Simultaneous operation of both modes may be achievable if the timing of each component can be co-ordinated in some way (e.g. by use of staggered timeslots). However, due to the possible variety of Radio Transmission Technologies (RTTs) (even within a component) and the differing requirements of the components, it is unlikely that co-ordination could be achieved.

Therefore, when considering the impact on dual mode terrestrial/satellite IMT�2000 terminals, it is apparent that the reversing the terrestrial duplex direction is not desirable and it is recommended to remain with the conventional terrestrial duplex direction. 

3  	Propagation loss

There is around 1 dB path loss difference between the two bands identified for IMT-2000. There are two options to handle this increase in the path loss if the duplex direction were reversed. The first option consists in keeping the same cell size and having a loss in battery life. However, this is not always possible to keep the same cell size, especially for high bit rate services and for rural environments, because the maximum mobile transmitter power is limited. Therefore, a second consequence would be a reduction of the cell size. 

3.1  	Reduction of battery life

An analysis of battery life assuming constant cell size for conventional and reversed duplex directions has been performed.

The method is based upon power consumption during both talktime and standby time. The parameters used for the battery life calculation are listed in Table 1.



Parameter�Value��Mobile Nominal Transmit Power�23 dBm (200 mW)��Mobile Antenna Gain�0 dBi��Mobile Antenna Height�1.5 m��Mobile Power Control Dynamic Range�50 dB��Mobile Power Control Step Size�1 dB��Base Sensitivity�- 118 dBm��Base Antenna Gain�14.5 dBi��Base Antenna Height�30 m��Base Power Control Margin�10 dB��System Cell Radius�2 - 3km��Path Loss Model�Modified Hata without Fading��Battery Energy�10 kJoules��Percentage of Time that is Talktime�0% - 100 %��Percentage of Time that is Standby Time�0% - 100 %��Average Power Consumption during Talktime�dependant upon cell size��Average Power Consumption during Standby Time�5 mWatt��Table 1 - Parameters used by the Battery Life Calculation

A circular cell is defined with the base station positioned at the centre. The average mobile transmit power is calculated based upon link budget calculations across the cell.

The average mobile transmit power does not determine battery life on its own. In addition, the power consumption during the time that the mobile is in standby must be considered. Equation 1 is used to calculate battery life.



	� EMBED Equation.2  ���	Eq. 1



Where: 

%Tidle is the percentage of time that an average mobile is in standby,

Pidle is the average power consumption of a mobile while in standby,

%Ttalk is the percentage of talk time of an average mobile,

Ptalk is the average power consumption of a mobile during talktime.



3.1.1.	Results

The first stage of the analysis is to determine the average mobile transmit power during talktime. This is dependant upon the cell size due to power control. It has been assumed that power control is not used during standby time. Table 2 provides the average transmit powers that have been computed for a range of cell sizes.

�IMT-2000�GSM��Cell radius�Mobile transmits on 1950 MHz�Mobile transmits on 2140 MHz�Mobile transmits on 1950 MHz�Mobile transmits on 2140 MHz��������2.0 km�17.9 dBm�18.7 dBm�30.0 dBm�30.5 dBm��2.5 km�19.7 dBm�20.3 dBm�31.1 dBm�31.4 dBm��3.0 km�20.7 dBm�21.1 dBm�31.6 dBm�31.9 dBm��Table 2 - The average mobile transmit power during talktime
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Figure 1 - Percentage Reduction in Battery Caused by Reversing the Duplex Bands



Percentages of talktime and standby time are relative to the time when the mobile is switched on.

At this point, it is difficult to define a "typical" IMT-2000 user profile since services and customers habits are still evolving. Some typical talktimes per day for cellular voice user traffic can range from 5 min/day (very low) to 2 h/day  (traders). In the case of data user traffic, it has been stressed that interactive uses can also require much connect time, up to 2h/day.

The corresponding percentage of talktime and standby time are given in Table 3:

�

�Talktime % | Standby time %��talktime	(	| switched on time(�24 H/day�12 H/day�8 H/day��5 min/day�0.3 % | 99.7 %�0.7 % | 99.3 %�1 % | 99 %��15 min/day�1 % | 99 %�2 % | 98 %�3 % | 97 %��30 min/day�2 % | 98 %�4 % | 96 %�6 % | 94 %��1 h/day�4 % | 96 %�8 % | 92 %�12 % | 88 %��2 h/day�8 % | 92 %�16 % | 84 %�24 % | 76 %��Table 3 - Percentage of talktime and standby time

3.1.2	Conclusions

Dependant upon the percentage of talktime relative to the time that the mobile unit is switched on, the percentage loss in battery life varies. For percentage talktimes between 1 and 2 percent the reduction in battery life is below 3 %. However, as the percentage talktime increases, the percentage reduction in battery life also increases. A user who has his/her mobile switched on for 12 hours a day and is communicating altogether for 1  hour would incur a percentage battery life loss of between 4 and 7 % depending upon cell size. The maximum loss of battery life is about 16 % for 100 % talktime and large cell sizes.

3.2  	Reduction of the cell size

Studies have shown that reversing the duplex direction would have a significant impact as follows:

Additional sites required for duplex band reversal, of between 6 and 13%.

Additional cost of extra sites to the operator of the order of at least 6 to 13%.

The environmental impact of the increased cell site count and the likely negative public reaction.

It is recommended that, with regard to the impact of reversing the duplex direction on the cell sizes, the conventional duplex direction should be maintained and that no change in the reverse and forward direction should be made at this time.

4  	Asymmetric traffic

Some marketing studies foresee that the overall IMT-2000 traffic will be asymmetric with a larger traffic on the downlink direction. However, there is still a large uncertainty on the level of asymmetry and it might be difficult to get more accurate figures before IMT-2000 services will be effectively implemented.

The higher traffic expected on downlink could suggest that the lower band of IMT-2000 would be more convenient for the downlink direction than the upper band. It was noted that this situation might change with the extension bands of IMT-2000, which have not been identified yet. However, duplex direction should be chosen considering the already identified IMT-2000 bands. The TDD operation is seen as a convenient way to handle asymmetric traffic in microcells and indoor environments because it can more easily adapt transmission direction split to the actual asymmetry of traffic. However, TDD operation would be less feasible for larger cells.

As a conclusion,  the consideration of asymmetric traffic for IMT-2000 is not relevant for the choice of the duplex direction.



2.2	the bands identified for IMT-2000 should be utilised to facilitate the achievement of optimum spectrum utilisation efficiency. Indeed IMT-2000 may need to have the flexibility/capability to support multiple service providers or networks within the same spectrum (see noting d) and also Appendix 1);

2.3	appropriate spectrum provision should be made to meet the needs of worldwide roaming;

2.4	common worldwide traffic or, at least, signalling sub-bands should be adopted;

2.5	any band segmentation between the satellite and terrestrial components of IMT-2000 should be flexible in order to accommodate the varying needs of different countries;

2.6	pre-implementation trials and testing may require the availability of the bands identified for IMT-2000 prior to the year 2000, at least in part; this could promote investment confidence;

3.	that Administrations, in planning the implementation of IMT-2000, in the bands as identified, do so on the basis of the following criteria to be applied in evaluating the spectrum aspects of implementation strategies:

3.1	ability to share spectrum with existing spectrum users;

3.2	ability to efficiently support use of spectrum by more than one network operator or service provider;

3.3	ability to support use of the technology for fixed applications, including those of developing countries;

4.	that Administrations, in planning the implementation of IMT-2000, in the bands as identified, do so on the basis of the following sharing constraints which need to be taken into account.

	Constraints on spectrum use include sharing with other land mobile, satellite and fixed service systems, and implementation methods (see Recommendation ITU-R M.687, Annex 2).

4.1	Sharing aspects of duplexing method

	A common frequency division duplex spacing between the terrestrial and satellite components of IMT-2000 would facilitate inter-operability between these components and result in reduced cost and complexity for inter-operable terminals, however, consideration of compatibility with other services utilising the band may necessitate the choice of other duplex spacings or duplex methods.

4.2	Sharing with other land mobile systems

	The bands identified for IMT-2000 (1 885-2 025 MHz and 2 110-2 200 MHz) are in many countries presently being used or planned to be used for other applications of the land mobile service.

4.3	Sharing constraints with mobile satellite

	The bands 1 980-2 010 MHz (1 970-2 010 MHz in Region 2) and 2 170�2 200 MHz (2 160�2 200 MHz in Region 2) are also allocated to the mobile�satellite service on a primary basis which includes the satellite component of IMT-2000. The IMT-2000 satellite and terrestrial components may have to share this band and the degree of sharing may vary in different regions. In parts of Europe, portions of the band may be used largely for terrestrial IMT-2000 (see also § 2.5). It should be noted that flexible band segmentation between the terrestrial and satellite services may introduce complexities in the satellite receivers e.g. the necessity of having variable width filters.

	Studies have indicated that the high density of personal stations of the IMT-2000 terrestrial component could cause unacceptable interference to geostationary-satellite orbit (GSO) mobile-satellite reception in shared up link bands viz. 1 980�2 010 MHz (1 970�2 010 MHz in Region 2). The power flux-density from a single large metropolitan area would be sufficient to cause such unacceptable interference – even a 1° satellite beam would intercept multiple metropolitan areas. These studies were confirmed by similar studies on potential sharing with the scientific space services at 2 GHz. Note that, although these studies refer to the GSO, this issue also applies in principle to all orbits. Given the potential difficulties, it is preferable that the terrestrial component of IMT-2000 should not use the MSS bands until the traffic requirements of the terrestrial and satellite components are better defined.

4.4	Sharing constraints with fixed terrestrial services

	In many parts of the world portions of the bands 1 885-2 025 MHz and 2 110�2 200 MHz are used by existing terrestrial fixed services.

Note 1 – Ongoing studies within the Radiocommunication Study Groups are addressing this issue.

4.5	Sharing issues between satellite systems

	The selection of a particular satellite orbit configuration may have an impact on the optimum methods of using the IMT-2000 spectrum.

	Non-geostationary satellites on an orbit inclined to the equatorial plane and with a period which is not synchronized with the Earth’s rotation may roam anywhere above any point of the Earth’s surface between the North and South latitudes corresponding to the inclination angle. That means that a frequency band for such a non�geostationary satellite system should be assigned considering the interference with other satellite systems as well as terrestrial systems within the relevant area.

	Sharing and coordination between non-geostationary and geostationary satellites is currently under study in the ITU;

5.	that Administrations in planning the implementation of IMT-2000, should use as a framework the following development paths for IMT-2000:

5.1	within the bands identified for IMT-2000 by WARC-92, designate some sub-bands for implementing the terrestrial and satellite components of IMT-2000, including sub-bands for experimental purposes;

5.2	if possible, choose sub-bands which could be available worldwide;

5.3	expand these sub-bands as required within the IMT-2000 identified bands according to local needs;

5.4	preferably refrain from using the MSS bands for the terrestrial component of IMT-2000 until the traffic requirements of the terrestrial and satellite components are better defined.

Note 1 – Information on common sub-band aspects and dynamic spectrum management issues is given in Appendix 1.





APPENDIX  1

Common sub-band aspects and dynamic spectrum management issues

	The following text is supplementary information on the issues of common sub-bands and dynamic spectrum management.

1.	Common sub-band aspects

	International roaming could be facilitated by globally available common sub-bands. These should be available in both the terrestrial and satellite frequency bands, to an extent depending on the traffic requirements.

1.1	Common traffic sub-bands

	Worldwide common traffic sub-bands simplify the ability of roamers to access automatically the IMT-2000 traffic bands to receive service. Roaming terminals would normally operate in these commonly agreed traffic sub�bands, but would not be precluded from operation in other parts of the IMT-2000 bands, providing that this was permitted by the respective Administration and supported by a network operator.

	Common traffic sub-bands would have to be sufficiently wide to support acquisition, signalling, registration and subsequent call traffic of a roaming terminal. These sub-bands could also carry signalling information identifying alternative (additional) traffic sub-bands which may exist in a given country or operator’s network and which a given country may additionally wish to make available for roaming use. In addition to providing service-offering flexibility, this facility could be one method of providing scope for growth of the common roaming sub-bands as traffic grows, if desirable.

1.2	Common signalling sub-bands

	Roaming terminals may have to operate in a number of different traffic sub-bands if not all Administrations are able to agree on common traffic sub-bands. In this case international roaming could still be achieved, provided that roaming terminals are able to operate across the complete IMT-2000 bands.

	One or more common worldwide signalling sub-bands would then facilitate the implementation of international roaming. These could be a series of broadcast identification channels to be designated, spaced, for example, at 5 MHz intervals throughout the identified IMT-2000 bands, with one or more of these implemented as appropriate and necessary by each IMT-2000 system. A newly activated terminal would scan each of the designated channels until it found an active identification transmission.

2.	Dynamic spectrum management issues

	It is possible that IMT-2000 may use some form of dynamic partitioning or intelligent spectrum sharing.

	A dynamic allocation mechanism is generally preferable to fixed partitioning of the bands into classes such as indoor, outdoor, large cell, satellite, etc. The feasibility of this approach for IMT-2000 requires further study.

	A key to this dynamic allocation is the ability of radio equipment to operate throughout the IMT-2000 bands. This flexibility would also aid worldwide operation when different parts of the IMT-2000 bands become available at different times in the various countries or regions.

	Another important approach would be for the mobile terminal to be essentially a slave to the local base station as far as control of which parts of the IMT-2000 spectrum are available for use in any given location. This would also facilitate sharing with existing users such as fixed microwave links. In such a case there would need to be an agreed procedure for the mobile terminal to find the local “broadcast” channel and adapt to the requirements of the local base station.

	In the case of say three or more operators drawing spectrum, (e.g. in “basic” channels, as required, on a real time basis) from a common pool, there needs to be an agreed procedure which all obey. It is of course possible and perhaps desirable to have only some of the “basic” channels dynamically assigned to a given use or operator.

	There are many advantages to such a scheme for network operators, service providers and regulators. Such a procedure could be standardised and used by the network operators and service providers to manage their spectrum use. It should be noted that since in this case mobile terminals use spectrum identified by the system this dynamic spectrum management is transparent and so a global system could provide mobile coverage in areas using fixed spectrum assignments.

	Separate frequency assignments for public (licensed) networks and private (licence-exempt) networks is desirable unless a dynamic allocation method can be found which guarantees that use of common spectrum does not result in degradation of operating conditions for either type of network.



*	See Radio Regulations (RR) Article S1.

� 	Examples of the application of the methodology are given Appendix 1.

� 	An example of the application of the methodology is provided in Appendix 1.

� 	The mathematical convention of describing a complex function as a function name and a list of input parameters is used in several places in this document. It is demonstrated as follows:

		Function {parameter1, parameter2, …, parameterN}

* This Recommendation should be brought to the attention of Radiocommunication Study Group 10.

� 	Some administrations may exploit or deploy IMT-2000 systems in bands other than those identified here.

� 	Studies are already under way to assess and quantify the potential requirement for additional spectrum.
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