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1 Introduction

At the last RAN plenary a work item on extending the use of the 3GPP FDD radio standard to cover the current DCS 1800 band was approved. This paper looks at the methodology, simulation assumptions and some initial results for a coexistence study with the incumbent DCS 1800 system operators. It is presented for discussion.

The World Radiocommunication Conference (WRC-2000) recently made a decision to identify additional spectrum for use by IMT-2000 systems. Included in this spectrum were most bands currently assigned to 2G technologies, including the DCS 1800 band (1710-1880 MHz). This decision allows for the implementation of the UMTS standard in bands other than the 2.1 GHz band originally proposed for IMT-2000 systems.

Implementation of UMTS in the DCS 1800 band requires coexistence with the incumbent DCS 1800 system operators. Therefore it is necessary to examine the potential interference that could exist between the DCS operator and the UMTS operator prior to system implementation.

This document proposes to use the same Monte Carlo approach as has been used throughout the RAN 4 specification work. This will be used to examine the potential interference between a coexisting DCS and UMTS systems in the DCS 1800 bands. The tool used is based upon that being specified within CEPT WG SE
 and has been used previously by CEPT and the ITU to tackle a number of spectrum engineering and radio compatibility issues
. In addition to this methodology, interference scenarios along with input/output parameters and initial interference estimates will be discussed.

2 Interference Methodology Description

Interference exists in all multi-carrier cell based communications systems. The requirement to reuse channels and the relative close spacing of cell sites will result in unwanted signals throughout any cell system compared to a solitary radio link. Interference is a matter of degree. The key to successful system implementation is to manage interference to provide a suitable balance between performance and economical deployments. 

Interference is controlled in cell systems through a combination of radio performance requirements, the use of frequency plans and RF system engineering techniques. For each coverage area, the objective is to ensure the desired signals are received at a level greater than the undesired signals.

Design rules and product performance specifications are developed to accommodate the general interference cases, however the interference conditions become more complicated when multiple operators and multiple technologies coexist in common spectrum bands.

When different technologies are expected to coexist in the same bands prior to standardization then the appropriate performance specifications required to avoid interference are built into the specifications. However it is much more common that technologies are required to coexist after completion of specifications. In these cases it is common practice to account for potential interference cases through the use of appropriate RF system design techniques. 

There are many examples of coexisting technologies not originally designed to coexist:

1989: AMPS/TACS  - High capacity analog systems in overlapping bands

1992: AMPS/TDMA - The first digital systems in the AMPS band

1994: AMPS/GSM/TDMA – Digital systems and analog in overlapping bands

1995: AMPS/GSM/CDMA/TDMA – CDMA and analog in 800 MHz band

1996: GSM/CDMA/TDMA – CDMA mixed with narrow-band in 1.9 GHz band


Potential interference issues were identified, reviewed and resolved in each of the above cases. The CDMA case in particular evoked considerable concern throughout the industry when it was first proposed for coexisting applications because the channel bandwidth was over 40 times the width of analog or TDMA.

Today a similar concern is being expressed over the coexistence of UMTS and DCS-1800 since the channel bandwidth is 20 times the width of GSM. The remainder of this document will examine the UMTS and DCS coexistence case.

2.1 Interference Conditions

There are two major interference mechanisms that will be considered here, one due to out-of-band emissions and another due to potential desensitization of a receiver by a strong interferer in an adjacent channel. 

Out-of-band emissions by a mobile of one technology on one carrier that could impact the receiver of the other technology on another carrier by raising the noise floor in the receiver (Figure 1).
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Figure 1: Out-of-band emissions impacting receiver of another technology.

The result of such interference will be an effective reduction in the usable receiver sensitivity, which results in a reduced link budget margin. A receiver normally cannot do anything about this unwanted noise, however it is possible to reduce sideband emissions at the transmitter source through the use of filters. It is also possible to accommodate this kind of interference in the system design by adjusting powers or by changing the link budget margin requirements.

The second type of interference concerns the potential desensitization of a receiver by a strong interferer in an adjacent channel (Figure 2). The interferer can be strong enough to impact the RF front end, gain controls or impact the IF performance if enough signal slips past the IF filters.
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Figure 2: Desensitization of a receiver by a strong interferer in an adjacent channel.

The result of such interference is the reduction in receiver sensitivity through quieting (desense) thus preventing reception of desired signals at low levels. It is possible to reduce this kind of interference through the use of filters at the receiver or by changing the system design parameters to ensure the desired signal levels are sufficiently strong enough to overcome any receiver desense.

2.2 When Interference Occurs

Interference only occurs when high level undesired signals are present and affecting the reception of the desired signal. Generally the worst case for such conditions only occur when a mobile of one technology is at close range to a base station of another mobile technology when that base station is engaged in communications with a distant mobile (Figure 3). 
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Figure 3: Conditions for worst case interference.

Under these conditions the base station is receiving a very low signal and the close in mobile could be transmitting with a very high signal if its corresponding base station is far away. Similarly the base station is transmitting at a high level to reach the distant mobile and the close in mobile could be operating at a very low receive signal level.

These are the worst-case conditions that can be used to determine the potential for interference. It should be noted that the probability of such cases occurring is low when the distribution of mobiles and base stations is considered, however it is a suitable starting point when assessing interference potential. It should also be noted that the RF system design will affect the probability of such cases occurring since mobiles may not be operating at their minimum signal conditions for other design reasons such as the need for indoor coverage.

In order to assess the statistical nature of interference a Monte Carlo simulation will be utilized. This approach is a statistical technique that functions by considering many trials, that means many independent instants in time and many locations in space. For each simulation trial, a scenario is built up using a number of different random variables, i.e. where the interferers are with respect to the victim, how strong the victim's wanted signal strength is, which channels the victim and interferer are using, etc. If a sufficient number of trials are considered then the probability of a certain event occurring can be calculated with a high level of accuracy. 

The Monte Carlo simulation used for this study models a victim receiver operating amongst a population of interferers. The interferers are distributed around the victim using a uniform random distribution. Only a proportion of the interferers are active at any one time. Further detail on the Monte Carlo simulation is found in Annex A.

2.3 Evaluation Scenarios

The following 4 scenarios are proposed for evaluation in order to determine the potential interference in coexisting UMTS and DCS-1800 in the DCS 1800 band.

Table 1: Interference Scenarios

	
	Interference Source
	Interference Victim

	Scenario 1
	UMTS MS
	DCS BTS

	Scenario 2
	UMTS BTS
	DCS MS

	Scenario 3
	DCS BTS
	UMTS MS

	Scenario 4
	DCS MS
	UMTS BTS


Scenarios 1 & 2 concern the potential interference to the DCS-1800 operator which will be of greater concern to the new UMTS operator since it is assumed the DCS-1800 operator has an existing deployment and will not be interested in taking protective measures to prevent interference.

Scenarios 3 & 4 concern potential interference to the new UMTS operator. These scenarios will not affect the incumbent DCS-1800 operator and will be managed by the use of appropriate system design methods in the UMTS system.

2.4 Guard Band Requirements

All coexisting systems, even those utilizing the same technology will require a guard band to account for the near/far cases described above. The only exception is the case where like technology base stations are co-located at the same sites.

The guard band requirement will depend on the characteristics of the radio systems, especially in terms of receiver selectivity and side-band noise emissions. Generally the requirement is that some portion of single channel bandwidth be reserved for guard band purposes.

Most CDMA systems have a wide bandwidth channel, therefore the guard band may seem large by narrow-band technology requirements, however it is usually assumed the high capacity of a CDMA system will offset any loss of spectrum assigned to the guard band.

As an example we can consider the IS-95 CDMA system. The channel spacing is 1.25 MHz per carrier (using a 1.228 mcps rate). It is customary to allow for a 275 kHz guard band (about 22% of bandwidth) between an IS-95 carrier and other systems.

The scenario to be examined includes multiple spectrum possibilities that encompass a 2 x Z MHz allocation, the amount of spectrum, Z, is determined by the number of UMTS channels and the size of guard band. 

2.5 Analysis Input/Output

Input parameters for analysis are found in Annex B and C. System information for UMTS will be primarily derived from 3GPP specifications and information for DCS1800 systems will be that found in the GSM specification (see Annex C for more detail). The primary information utilized in the analysis are: 

Channel Spacing

Transmit Power

Emission Bandwidth
Receiver Bandwidth

Antenna Gain


Receiver Sensitivity
Receiver Protection Ratio
Unwanted Emissions

Receiver Blocking

Other information required for the Monte Carlo analysis are the active interferer density, active user density and antenna heights. The antenna height proposed for the mobile stations is 1.5m and for the base stations a height of 30m. For the interferer and user density a range of values will be analyzed, for base stations a this range will be 0.01/km2 to 0.5/km2 evaluated, for mobile stations this range will be 0.5/km2 to 25/km2.

Results from the Monte Carlo analysis will be the probability a victim receiver not obtaining its desired C/I requirement for each of the scenarios defined. For example consider Scenario 1 (victim is the DCS base station and the interferer is the UMTS mobile station) a probability will be compute for the range UMTS mobile station densities discussed above.

3 Preliminary Analysis

In order to gain a first level estimate of potential sharing issues between UMTS systems sharing with DCS-1800 systems a static analysis of the worst case interference scenario is presented in Annex B.

The initial indications of this analysis is that all potential interference cases between DCS-1800 and UMTS systems coexisting in the DCS-1800 band can be fully managed by the use of proper system design techniques, some of which are already a requirement for system deployment (for example a requirement for in-building penetration margins).

In general, the UMTS system design requirements needed to ensure operation without interference to either party can be preliminary summed up in the following design guidelines:

· Urban Areas: Minimum 20 dB in-building coverage margin required
· Suburban Areas: Minimum 5 dB in-building coverage margin required
It should be noted these determinations are based on protecting the single worst-case mobile conditions that could be experienced.  Typically the majority of mobiles will never experience such conditions. 

Additionally there are a number of mitigating factors found in a real world system deployment that could reduce the possible incidence of interference to the worst case mobile by several dB.

4 Proposal

Implementation of UMTS in the DCS 1800 band requires coexistence with the incumbent DCS 1800 system operators. In order to assess the potential interference that could exist between the DCS operator and the UMTS operator prior to system implementation. This document proposes a Monte Carlo approach/tool be utilized. The tool used is based upon that being specified within CEPT WG SE and has been used previously by CEPT and the ITU to tackle a number of spectrum engineering and radio compatibility issues. 

Annex A: Monte Carlo Description

5 THE MONTE CARLO BASED SIMULATION TOOL 

Levels of interference are quantified using a statistical Monte Carlo simulation tool. The tool used is based upon that being specified within CEPT WG SE
 and has been used previously by CEPT and the ITU to tackle a number of spectrum engineering and radio compatibility issues
. A brief description is provided below followed by an explanation of some assumptions which are not explicitly stated in the WG SE specification.

5.1 General Description

A Monte Carlo simulation is a statistical technique that functions by considering many trials, that means many independent instants in time and many locations in space. For each simulation trial, a scenario is built up using a number of different random variables i.e. where the interferers are with respect to the victim, how strong the victim's wanted signal strength is, which channels the victim and interferer are using etc. If a sufficient number of trials are considered then the probability of a certain event occurring can be calculated with a high level of accuracy. 

The Monte Carlo simulation used for this study models a victim receiver operating amongst a population of interferers. The interferers are distributed around the victim using a uniform random distribution. Only a proportion of the interferers are active at any one time. Figure A-1 illustrates how the interferers and victim may appear for one simulation trial.
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Figure A-1: An Illustration of the Monte Carlo Simulation Model

In general the effect of each interferer upon the victim is determined using mean path loss, slow fading, transmit power, antenna gains, transmitter unwanted emissions characteristic, receiver blocking and frequency separation. The victim’s wanted signal strength is calculated based upon the transmit power, antenna gains, mean path loss and slow fading.

Figure A-1 illustrates a population of mobile stations interfering with a victim mobile. This is an example used for illustration purposes and in fact either or both the victim and interferers can be base stations.

The interfering power from the interferers and wanted signal strength from the wanted signal transmitter are used to determine whether or not interference is occurring. Interference is said to occur when the resultant C/I is less than the victim receiver protection ratio. Figure A-2 illustrates the various signal levels.

[image: image5.wmf]Noise Floor (dBm)

C/I used to define Sensitivity (dB)

Wanted Signal Margin (dB)

Wanted Signal (dBm)

Sensitivity (dBm)

Noise Floor Increased 

by Interference (dBm)

Resultant C/I (dB)

Interference is defined as occuring when the Resultant C/I is less than the 

C/I used to define Sensitivity

Interference (dB)


Figure A-2: The signal levels used to determine whether or not interference is occurring.

The left hand side of the diagram represents the situation when there is no interference. In this case the resultant C/I ratio is equal to the sum of the protection ratio and the margin. The right hand side of the diagram illustrates what happens when interference is introduced. The interference may be caused by unwanted emissions or receiver blocking. The interference adds to the noise floor and the resultant C/I is the difference between the increased noise floor and the wanted signal strength. To avoid interference the resultant C/I must be greater than the protection ratio.

5.2 Specific Assumptions

The following sections provide an explanation to the aspects of the simulation methodology used in this study which may be different to that specified by CEPT ERC Report 68.

5.2.1 Calculating the Victim's Receive Frequency

The victim radio system is allocated a block of channels and for each simulation trial the victim is assigned one channel using a uniform random distribution. In this case the probability result is in fact an average over the frequency set. 

Consequently when the victim is a base station, the results of the simulation are related to only one among the set of receivers within the base station site.

5.2.2 Path Loss

The path loss model assumed is a combination of free space and Hata - as suggested by CEPT PT SE21. Free space is used for distances below 40 m. Hata is used for distances above 100 m. Between these limits an interpolation of free space and Hata is used. Log normal shadowing is superimposed. The standard deviation of the shadowing is a function of distance. A typical median path loss characteristic (dependent upon frequency and antenna heights) is illustrated in Figure A-3. Figure A-4 shows the variation of the log normal shadowing standard deviation with distance.
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Figure A-3: A typical median path loss characteristic for the propagation model
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Figure A-4: Standard deviation used to model slow fading.
5.2.3 Interference Mechanisms

This study will considered the effects of unwanted emissions and receiver blocking. These are believed to be the dominant interference mechanisms for compatibility between DCS1800 and UMTS1800.

5.2.4 Calculating the Wanted Signal Strength

The wanted signal strength is calculated based upon transmit power, path loss between transmitter and receiver and antenna gains. So the victim cell radius has to be known. In that report the radius values correspond to an intrinsic (only limited by receiver internal noise) area availability. The wanted signal strength obtained is compared with the interfering signal strength as illustrated in Figure A2 to determine whether or not the desired C/I ratio is being obtained.

5.2.5 Power Control

A simplified power control algorithm is utilized to account for power control in order to maintain a desired Eb/No. This algorithm is based on a reciprocity assumption of propagation loss in the forward and the reverse paths. Three parameters are used - the threshold, the step size and the dynamic range. The threshold determines the received power level at the receiver above which power control is activated. When the transmitter power is reduced, it is taken down in increments - defined by the step size. Power control algorithms allow a power reduction to a minimum level. Once at this level the power is not reduced any further.

5.2.6 Parameters used by the simulation

Channel Spacing - The separation in frequency between adjacent carriers.

Transmit Power - The nominal transmit power.

Emission Bandwidth - The bandwidth of the transmitter.

Receiver Bandwidth - The bandwidth of the receiver. It may be less than the channel spacing dependent upon the filtering in the terminal’s receive path.
Antenna Height - The height of the antenna in meters.

Antenna Gain - Antennas in this study are assumed to have equal gain in all directions i.e. a spherical gain pattern. The value specified includes cable and connector losses.

Active Interferer Density Range - A range of interferer densities have been considered in this study to include a range of scenarios.

Receiver Sensitivity - The sensitivity defined for the receiving terminal.

Receiver Protection Ratio - The protection ratio defines the number of dB between the thermal noise floor of the receiver and sensitivity.

Unwanted Emissions Characteristic - The unwanted emissions characteristic for a transmitter. Defined by a power measured in a specific bandwidth at a specific frequency offset from the nominal transmit frequency.

Receiver Blocking Characteristic - The receiver blocking performance defined by a power level at a specific frequency offset which the receiver can sustain while receiving its wanted signal and is as found in the receiver specifications.
5.3 Interpretation of the Results

The probability of interference evaluated is the probability of a victim receiver not obtaining its desired C/I requirement. It can be thought of as a reduction of the system area availability.

A radio system may have an area availability of 90 % meaning that either over 10 % of the area, coverage is not provided or that for 10 % of the time a user will be out of coverage (assuming the user to move around the cell occupying both outer and inner cell positions). Likewise the probability of interference can be interpreted in this way and a 1 % probability of interference would reduce a 90 % area availability to 89.0 %.

Annex B: Preliminary Interference Assessment

6 Introduction

In order to gain a first level estimate of potential sharing issues between UMTS systems sharing with DCS-1800 systems a static analysis of the worst case interference scenario is presented below with a 2.5 MHz guard band. Parameters utilized for this analysis are derived from existing DCS1800 and UMTS standards, further detail can be found in Annex C.

7 Interference Scenarios

7.1 Scenario 1: UMTS Mobile Interference into DCS Base Station

This case examines a UMTS mobile station that may be far away from its base station and therefore transmitting at high power in close proximity to a DCS base station.  This case will focus on the sideband noise emissions from the UMTS mobile potentially interfering with the DCS base station receive sensitivity.

An initial calculation can be made for a simplified case based on signal levels (Figure B-1). The maximum mobile sideband noise can be determined from the specifications (adjusted for the 200 kHz DCS bandwidth). The coupling loss can be used to determine the sideband noise level at the base station receiver.
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Figure B-1: UMTS mobile interfering with DCS1800 base station.

Based on the specified maximum DCS receiver sensitivity we can see there is a potential for noise that will be at least 12 dB above the DCS BTS sensitivity, therefore further investigation is required.

In order to eliminate the possibility of interference caused by the UMTS mobile, it is necessary to ensure the mobile operates at a lower power level than maximum permitted power under the conditions where interference could occur. Reducing the transmit power from the maximum will result in a corresponding reduction in the sideband emissions.

The following calculations will establish the maximum mobile power under the potential interference condition:

· DCS BTS sensitivity is –104 dBm at a C/I of about 8 dB

· Therefore DCS BTS noise floor is about –112 dB (104 dBm – 8 dB)

· Maximum UMTS mobile power specification is 21 dBm

· Maximum UMTS mobile emission at guard band edge is –22.5 dBm

· MCL set for 70 dB

· Maximum potential level at DCS BTS is –92 dBm (-22 dBm – 70 dB)

· Mobile power reduction needed is 20 dB for near/far worst case

· Therefore mobile should not exceed +1 dBm in near/far worst case

The near/far worst case conditions are based on a UMTS mobile operating under minimum coupling loss conditions which will only occur for street level mobiles close to DCS sites. Therefore to ensure mobile under these conditions do not exceed the +1 dBm transmit level it is necessary to include 20 dB of margin in the uplink calculations for street level mobiles.

It is common practice incorporate an in-building gain margin in the link budgets for urban areas. This is normal practice and is required to provide a competitively viable service offering. The typical in-building margin for urban areas will be at least 20 dB. By incorporating this margin in the system design it can be assured the power levels of the UMTS mobiles will not exceed +1 dBm when operating at the street level. 

Therefore potential interference in urban areas can be avoided by requiring the UMTS system design to incorporate a minimum of 20 dB in-building margin in the link budget calculations.

The minimum in-building margin required in suburban areas can be reduced to about 5 dB since the minimum suburban MCL values are likely to be 10-20 dB greater than in the urban case (see field measurements in previous sections).

It should also be noted that a DCS1800 base station will power control a mobile to be in a typical range of –80 to –90 dBm.  Only DCS1800 mobiles at the fringe of coverage and at their maximum power level will require the full use of the DCS1800 base station sensitivity of –104 dBm.
In conclusion, these requirements could be easily accommodated in the UMTS system design, therefore this interference case will not be an issue for the worst case mobiles due to the in-building margins incorporated in a proper UMTS RF system design.
7.2 Scenario 2:  UMTS BTS Interference into DCS MS

This case examines a DCS mobile station that may in close proximity to a UMTS base station operating a high power when communicating with a widely distributed array of UMTS mobiles. This case will focus on the sideband noise emissions from the UMTS base station potentially interfering with the DCS mobile receive sensitivity.

An initial calculation can be made for a simplified case based on signal levels (Figure B-2). The maximum UMTS BTS sideband noise can be determined from the specifications (adjusted for the 200 kHz DCS bandwidth). The coupling loss can be used to determine the sideband noise level at the base station receiver.

Based on the specified maximum DCS mobile receiver sensitivity we can see there is a potential for noise that could 12 dB above the mobile sensitivity, therefore further investigation is required.
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Figure B-2: UMTS base station interfering with DCS1800 mobile.

In order to eliminate the possibility of interference caused by the UMTS base station, it is necessary to take steps to reduce the UMTS base station sideband emissions at the DCS mobile receive frequency (at the edge of the guard band).

The on-street signal levels in the DCS system are likely to be much higher than the mobile sensitivity level since the DCS system includes margins for indoor coverage. The actual DCS-1800 system measurement data recorded in the Sydney CBD and suburban areas shows all on street DCS signal levels are well above the sensitivity level. The lowest on-street levels found are in the suburban area where about 6% of mobiles could be operating below –90 dBm. However the MCL in suburban areas is usually greater than 70 dB by 10-20 dB therefore these mobiles are unlikely to be affected.

Finally, it should be noted a bandpass filter could be added to the UMTS base station to provide additional sideband emission reductions if required. Based on the above comments this should not be required.

In conclusion, this interference case should not be encountered for the worst case mobiles because of a combination of improved BTS performance and sufficiently high DCS signal levels typical found in on-street measurements. 

7.3 Scenario 3: DCS BTS Interference into UMTS MS

This case examines a UMTS mobile station that may in close proximity to a DCS base station operating a high power when communicating with a distant DCS mobile. This case will focus on the potential desensitization of the UMTS mobile by the high power narrow-band signal in the adjacent UMTS channel (at the edge of the guard band).

An initial calculation can be made for a simplified case based on signal levels (Figure B-3). The adjacent channel selectivity of the UMTS mobile is –52 dBm based on the test conditions specified in the UMTS specifications. The maximum DCS BTS signal is +43 dBm which when adjusted for bandwidth (-13 dB) and MCL (-70 dB) results in a signal of at least –40 dBm into the UMTS mobile. This is greater than the –52 dBm adjacent channel selectivity level permitted, therefore additional investigation is required.
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Figure B-3: DCS base station interfering with UMTS mobile.

It is assumed no changes can be made to the DCS base station (for example use of a band pass filter) since the equipment is controlled by an incumbent DCS operator. 

The adjacent channel desensitization appears as additional noise in the UMTS channel due to the de-spreading process, therefore it can be treated as an additional noise rise in the link budget, or a need for additional margin from a system design perspective. Therefore it is necessary to ensure the appropriate UMTS forward link power is available to overcome the potential desensitization of the UMTS mobile at the worst case near/far on street locations.

Calculations to determine the sensitivity:

· Assume DCS power +43 dBm, 70 dB MCL, bandwidth adjustment is 13 dB

· Maximum DCS power into the mobile is –40 dBm

· Maximum allowed adjacent channel power into the mobile is –52 dBm 

· Maximum worst case sensitivity reduction is –12 dB (52 dBm - 40 dBm)

The requirement for an additional 20 dB margin in the uplink was determined in Scenario 1. Therefore there is an additional 20 dB of unused forward link power available in the forward link to overcome a 12 dB potential sensitivity reduction at the UMTS mobile in urban locations. In the suburban locations the expected additional MCL will offset the minimum required in-building margin as shown in Scenario 1.

Therefore we can conclude that there will be no interference experienced in this case if the requirements of Scenario 1 are satisfied.

An additional check is required in Scenario 3 to ensure the RF front end on the UMTS mobile is not overloaded. The maximum RF input level permitted in a UMTS mobile is about – 25 dBm. The maximum possible input power to a UMTS mobile under worst case conditions is also –25 dBm from the previous calculation, therefore front end overload is not expected to be a problem.

Finally the sideband noise from the DCS base station entering the UMTS mobile will be checked to ensure it has no impact on the mobile receiver operation.

· DCS emissions at UMTS channel are –40 dBm

· Adjustment for bandwidth is +13 dB

· MCL is 70 dB

· Processing gain from de-spreading is –18 dB

· Net noise rise level is –115 dBm (-40 dBm +13 dB – 70 dB –18 dB)

· UMTS mobile sensitivity is –117 dBm, effective Eb/No is 6 dB

· Therefore maximum potential sensitivity reduction is 8 dB

Since the potential sensitivity reduction under the worst-case street level conditions is less than what was determined for the above case, it can be ignored here.

In conclusion, this interference case should not be encountered for the worst case mobiles because of the on-street signal levels incorporated in a proper UMTS RF system design.

7.4 Scenario 4:  DCS MS Interference into UMTS BTS

This case examines a DCS mobile station that may be far away from its base station and therefore transmitting at high power in close proximity to a UMTS base station.  This case will focus on the sideband noise emissions from the DCS mobile potentially interfering with the UMTS base station receiver sensitivity.

An initial calculation can be made for a simplified case based on signal levels. The maximum mobile sideband noise can be determined from the specifications. An adjustment is required to convert the DCS mobile power measurement bandwidth to 200 kHz. The coupling loss can be used to determine the sideband noise level at the base station receiver. Additional adjustments are required for the UMTS bandwidth due to de-spreading and the processing gain of the UMTS signals.

Based on the calculations it can be seen the DCS mobile does have the potential to desensitize the UMTS receiver therefore additional investigation is required.
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Figure B-4: DCS mobile station interfering with UMTS base station.

In order to protect the UMTS base station from interference, the DCS mobiles would have to be operating at lower than maximum power levels. Normally this is not under direct control of the UMTS operator, however some viable assumptions can be made about the DCS system operation including gain margins incorporated into the DCS system design.

It can be assumed the DCS RF system design has incorporated an in-building gain margin in the link budgets for urban areas. This is normal practice and is required to provide a competitively viable service offering. Based on this assumption, it can be assumed the on-street performance of the DCS mobile will be operating at about 20 dB below maximum power at the worst case on-street locations due to the additional 20 dB in-building gain margin in the link budget. This alone will reduce the sideband emissions to below the point at which the UMTS BTS will be affected.

This assumption can be further supported by the observations made in the Sydney DCS measured on-street RF signal levels. Referring to the measured data, in the urban area only 2% of DCS mobiles are operating with an on-street signal strength of less than –80 dBm. This means that 98% of mobiles are operating at least 22 dB above the minimum DCS sensitivity (-102 dBm for mobiles at minimum C/I). Assuming reciprocal links, 98% of mobiles are operating 22 dB below full rated power in the urban area.
In the suburban case the expected 15 dB+ increase in MCL suggests the DCS mobiles will have minimal impact on the UMTS BTS receiver sensitivity.

In conclusion, this interference case is not expected to occur in the most system deployments due to the DCS system gain margins typically included in the DCS system design as seen in the field measurements.

7.5 Overall Interference Conclusions

The initial indications of this analysis is that all potential interference cases between DCS-1800 and UMTS systems coexisting in the DCS-1800 band can be fully managed by the use of proper system design techniques, some of which are already a requirement for system deployment (for example a requirement for in-building penetration margins).

In general, the UMTS system design requirements needed to ensure operation without interference to either party can be preliminary summed up in the following design guidelines:

· Urban Areas: Minimum 20 dB in-building coverage margin required
· Suburban Areas: Minimum 5 dB in-building coverage margin required
It should be noted these determinations are based on protecting the single worst-case mobile conditions that could be experienced.  Typically the majority of mobiles will never experience such conditions. 

Additionally there are a number of mitigating factors found in a real world system deployment that could reduce the possible incidence of interference to the worst case mobile by several dB.

Preliminary indications are that DCS-1800 systems and the UMTS systems can co-exist in the in the same DCS-1800 band.

Annex C: Simulation Parameters

8 UMTS Mobile Transmitter Characteristics

The current draft standard that applies for UMTS user equipment (UE) can be found in TS 25.101
. Table C-1 is the interpolation of spectrum emission mask requirement found in section 6.6.2.1.1 of TS 25.101 to the DCS1800 bandwidth of 200 kHz.

Table C-1: Spectrum Emission Mask Requirement in 200 kHz

	Frequency Offset MHz
	2.5
	3
	3.5
	4
	4.5
	5
	5.5
	6
	6.5
	7
	7.5
	8
	8.5
	9-12.5

	dBc
	-35
	-42.5
	-50
	-34.5
	-35
	-36.5
	-37
	-37.5
	-38
	-38.5
	-39
	-44
	-49
	-49

	Radiated Power (dBm)
	-14
	-21.5
	-29
	-13.5
	-14
	-15.5
	-16
	-16.5
	-17
	-17.5
	-18
	-23
	-28
	-28

	BW Correction
	8.2
	8.2
	8.2
	-7
	-7
	-7
	-7
	-7
	-7
	-7
	-7
	-7
	-7
	-7

	* Power in 200 kHz BW
	-5.8
	-13.3
	-20.8
	-20.5
	-21
	-22.5
	-23
	-23.5
	-24
	-24.5
	-25
	-30
	-35
	-35

	* Absolute lower limit in 200 kHz BW
	-62
	-62
	-62
	-62
	-62
	-62
	-62
	-62
	-62
	-62
	-62
	-62
	-62
	-62


* The lower limit for spectrum emission mask is the higher of the two limits.
Found in Table C-2 is Adjacent Channel Leakage power Ratio (ACLR) of section 6.6.2.2 of TS 25.101 translated to 200 kHz bandwidth.
Table C-2: Spectrum Emission Mask Requirement in 200 kHz
	Frequency Offset MHz
	+5
	-5
	+10
	-10

	dBc
	33
	33
	43
	43

	Radiated Power (dBm)
	-12
	-12
	-22
	-22

	BW Correction
	-12
	-12
	-12
	-12

	* Power in 200 kHz BW
	-24
	-24
	-34
	-34

	* Absolute lower limit in 200 kHz BW
	-62
	-62
	-62
	-62


* The lower limit for ACLR is the higher of the two limits.

The requirements shown in Table C-3 are derived from the spurious emissions found in section 6.6.3 of TS 25.101.
Table C-3: General Spurious Emissions Requirements

	Frequency Offset (MHz)
	12.5-30
	30-75
	1805-1880

	Radiated Power (dBm)
	-36
	-36
	-71

	BW Correction
	13
	3
	3

	Power in 200 kHz BW
	-23
	-33
	-69


Found in Table C-4 and Figure C-1 are the consolidated emission mask at mobile transmit power of 21 dBm from the above tables for an 200 kHz bandwidth.

Table C-4: Consolidated Emission mask at Mobile Transmit Power of 21 dBm

	Frequency Offset MHz
	2.5
	3
	3.5
	4
	4.5
	5
	5.5
	6
	6.5
	7
	7.5
	8
	8.5
	9-12.5
	12.5-30
	30-75

	Spectrum Mask
	-5.8
	-13.3
	-20.8
	-20.5
	-21
	-22.5
	-23
	-23.5
	-24
	-24.5
	-25
	-30
	-35
	-35
	
	

	ACLR
	
	
	
	
	
	-24
	
	
	
	
	
	
	
	-34
	
	

	Spurious Emission
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	-23
	-33
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Figure C-1: Consolidated Emission mask at Mobile Transmit Power of 21 dBm.

9 UMTS BTS Transmitter Characteristics

The current draft standard that applies for W-CDMA Base Stations can be found in TS 25.104
. The spectrum emission mask requirement for a 200 kHz bandwidth for the highest power base station derived from section 6.6.2.1 of TS 25.104 is shown in Table C-5. 

Table C-5: Spectrum emission mask values, BS maximum output power P ( 43 dBm 

	Frequency offset from carrier (MHz)
	2.5
	3
	4-12.5

	Output power at > 43 dBm in 1 MHz band-width (dBm)
	-14
	-18
	-13

	Band-width correction (dB)
	8.2
	8.2
	-7

	Output power in 200 kHz band-width (dBm)
	-5.8
	-9.8
	-20


The adjacent channel leakage power ratio (ACLR) found in section 6.6.2.2 of TS 25.102 is shown in terms of a 200 kHz bandwidth in Table C-6.

Table C-6: ACLR in terms of a 200 kHz bandwidth.

	Frequency Offset MHz
	+/- 5
	+/- 10

	dBc
	45
	50

	Radiated Power (dBm)
	43
	43

	BW Correction from 3.84 MHz
	-12.8
	-12.8

	Power in 200 kHz BW
	-14.8
	-19.8


Spurious emissions requirements are found in section 6.6.3 of TS 25.104, the category B limits are computed in terms of 200 kHz bandwidth and are shown in Table C-7.

Table C-7: Spurious emission requirements in 200 kHz resolution bandwidth

	Frequency Offset MHz
	12.5-30
	30-75

	Radiated Power (dBm)
	-36
	-36

	BW Correction
	8.2
	3

	Power in 200 kHz BW
	-27.8
	-33


The consolidated emission mask at BTS transmit power of 43 dBm as derived from the above information is shown in Table C-8.

Table C-8: Consolidated BTS emission mask for 43 dBm transmit power.

	Frequency offset from carrier (MHz)
	2.5
	3
	4
	5
	10
	12.5
	12.5-30
	30-75

	Spectral Mask
	-5.8
	-9.8
	-20
	-20
	-20
	-20
	
	

	ACLR
	
	
	
	-14.8
	
	-19.8
	
	

	Spurious Emissions
	
	
	
	
	
	
	-27.8
	-33
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Figure C-2: Consolidated Emission mask at Base Transmit Power of 43 dBm.

10 DCS BTS Transmitter Characteristics

DCS BTS transmitter characteristics are derived from the current draft standard GSM 05.05
 for a class 2 BTS, maximum output power of 20 Watts (43 dBm in 300 kHz).

10.1 Spectrum due to modulation and wideband noise (Section 4.2.1, TS 05.05)

Table C-9: DCS 1800 normal BTS

	Frequency offset (kHz)
	100
	200
	250
	400
	>=600 
< 1200
	>=1200
<1800
	>=1800 
<6000
	>=6000

	dBc below the carrier
	+0.5
	-30
	-33
	-60
	-70
	-73
	-75
	-80

	Radiated Power in 30 kHz (dBm)
	35.3
	4.8
	1.8
	-25.2
	-35.2
	-38.2
	-40
	-45


10.2 Spectrum due to switching transients (Section 4.2.2, TS 05.05)

Table C-10: Spectrum due to switching transients
	
	Maximum Level Measured

	Frequency Offset (kHz)
	400
	600
	1200
	1800

	dBc below the carrier*
	-50
	-58
	-66
	-66

	Radiated power (dBm) 
	-7
	-15
	-23
	-23


*or -36 dBm, whichever is higher

10.3 Spurious Emissions (Section 4.3.2, TS 05.05)

The power measured in the condition specified below shall be no more than –36 dBm in the DCS BTS transmit band (UMTS MS mobile receive band).

Table C-11: Spurious Emissions

	Frequency Offset (MHz)
	1.8
	2.5
	5
	6-75

	Radiated Power (dBm)
	-36
	-36
	-36
	-36


10.4 Consolidated Emission mask at BTS transmit power of 43 dBm

Table C-12: Consolidated emission masks for BTS of transmit power of 43 dBm.

	Frequency offset from carrier (MHz)
	0.1
	0.2
	0.25
	0.4
	0.6
	1.2
	1.8
	5
	10
	11-75

	Spectral Mask
	35.3
	4.8
	1.8
	-25.2
	-35.2
	-38.2
	-40
	-40
	
	

	Switching Transients
	
	
	
	-7
	-15
	-23
	-23
	
	
	

	Spurious Emissions
	
	
	
	
	
	
	-36
	-36
	-36
	-36
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Figure C-3: Consolidated emissions mask for BTS of 43 dBm.

11 UMTS MS Receiver characteristics

UMTS MS receiver characteristics are from TS 25.101.

11.1 Reference sensitivity level (Section 7.3.1, TS 25.101)

The BER shall not exceed 0.001 for the parameters specified below.

Table C-13: Test parameters for reference sensitivity
	Parameter
	Unit
	Level

	DPCH_Ec
	dBm/3.84 MHz
	-117

	Îor
	dBm/3.84 MHz
	-106.7


11.2 Maximum input level (Section 7.4.1, TS 25.101)

This is defined as the maximum receiver input power at the UE antenna port, which does not degrade the specified BER performance. The BER shall not exceed 0.001 for the parameters specified below.

Table C-14: Maximum input level
	Parameter
	Unit
	Level
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	dB
	-19

	Îor
	dBm/3.84 MHz
	-25


11.3 Adjacent Channel Selectivity (ACS) (Section 7.5.1, TS 25.101)

Adjacent Channel Selectivity (ACS) is a measure of a receiver’s ability to receive a UMTS signal at its assigned channel frequency in the presence of an adjacent channel signal at a given frequency offset from the center frequency of the assigned channel. ACS is the ratio of the receive filter attenuation on the assigned channel frequency to the receive filter attenuation on the adjacent channel(s).

The ACS shall be better than the value indicated in Table C-15 for the test parameters specified in Table C-16 where the BER shall not exceed 0.001.

Table C-15: Adjacent Channel Selectivity
	Power Class
	Unit
	ACS

	3
	dB
	33

	4
	dB
	33


Table C-16: Test parameters for Adjacent Channel Selectivity
	Parameter
	Unit
	Level

	DPCH_Ec
	dBm/3.84 MHz
	-103

	Îor
	dBm/3.84 MHz
	-92.7

	Ioac  (modulated)
	dBm/3.84 MHz
	-52

	Fuw (offset)
	MHz
	+5 or -5


11.4 Blocking characteristics (Section 7.6.1, TS 25.101)

The BER shall not exceed 0.001 for the parameters specified below.

Table C-17: In-band blocking
	Parameter
	Unit
	Offset
	Offset

	DPCH_Ec
	dBm/3.84 MHz
	-114
	-114

	Îor
	dBm/3.84 MHz
	-103.7
	-103.7

	Iblocking (modulated)
	dBm/3.84 MHz
	-56
	-44

	Fuw (offset) 
	MHz
	 +10 or –10
	+15 or –15


11.5 Intermodulation characteristics (Section 7.8.1, TS 25.101)

Third and higher order mixing of the two interfering RF signals can produce an interfering signal in the band of the desired channel. Intermodulation response rejection is a measure of the capability of the receiver to receiver a wanted signal on its assigned channel frequency in the presence of two or more interfering signals which have a specific frequency relationship to the wanted signal. 

The BER shall not exceed 0.001 for the parameters specified below.

Table C-18: Receive Intermodulation Characteristics
	Parameter
	Unit
	Level

	DPCH_Ec
	dBm/3.84 MHz
	-114

	Îor
	dBm/3.84 MHz
	-103.7

	Iouw1 (CW)
	dBm
	-46

	Iouw2 (modulated)
	dBm/3.84 MHz
	-46

	Fuw1 (offset)
	MHz
	10

	Fuw2 (offset)
	MHz
	20
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