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1 INDOOR ENVIRONMENT 

1.1 About this document 

This report is one of a series of four documenting the investigation and analysis of potential 

changes to the electromagnetic environment implied by the findings of research funded by 

the Radiocommunications Agency (RA).  This report is concerned with the effects that 

specific indoor technologies will have on the electromagnetic environment in a typical 

domestic or commercial setting.  It is intended that the data presented in the report will be 

used by Quotient Associates Ltd to enable an economic analysis of EMC studies.  

Consequently no conclusions or recommendations are given in this report. 

1.2 Introduction 

The indoor environment contains increasing numbers of electrical and electronic equipment 

that present significant amounts of electromagnetic interference (EMI).  Broadcast and 

communication services are used heavily in the home and office - broadcast services include 

LW, MW, FM and DAB radio, analogue and digital terrestrial TV; communication services 

include GSM mobile phones and digital cordless phones. 

Sources of EMI include energy efficient light bulbs, switched mode power supplies (SMPSs), 

switched electronic load controllers (SELCs) and microprocessor controlled devices (eg PCs, 

peripherals, entertainments centres and “intelligent” white goods) potentially containing 

dithered clock (spread-spectrum) oscillators (DCOs). 

1.3 Scenario Description 

Objective: For home and office environments to generate data showing how: 

 (LW, MW, FM and DAB) broadcast services are affected by: 

o Nearby lighting EMI sources (if the outcomes from the RA funded research 

into lighting are not accommodated within the standards) 

o Nearby SMPS and SELC EMI sources (if the outcomes from the RA funded 

research into SMPS and SELC are not accommodated within the standards) 

o Nearby DCO EMI sources (if the outcomes from the RA funded research into 

DCOs are not accomodated within the standards). 
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 Mobile cellular services are affected by: 

o Nearby fast processor clock EMI sources with CPU frequencies above 1GHz. 

Note that the objective is to quantify the difference between situation with and without 

research into these specific areas, so it is also necessary to understand what the situation 

would be where devices are emitting according to the modified standard limits. 

Also to estimate the additional costs incurred by each manufacturer of lighting, SMPS & 

SELC or device incorporating faster processor clocks to enable them to comply with 

modified standards (estimate of typical cost per device is required). 

Logic: (top down view) 

If interference occurs then actions that operators are likely to take are: 

 Broadcasters - are unlikely to relocate transmission sites unless the problem is 

substantial. Therefore the issue is whether or not a service can be reasonably received 

in the home. The forecast quality of service should be determined in terms of 

percentage coverage within the home and the time that the service is likely to be 

affected.  

 Mobile operators - have ongoing quality of service programmes that monitor network 

quality and take remedial actions where necessary to maintain levels of quality. It can 

be assumed that they will spend money to improve signal quality to compensate for 

any increase in noise levels. Therefore, it is necessary to establish the increase in 

coverage signal level required to compensate for any degradation. 

The received signal strength for a given service depends on the radiated power from the 

transmitter (Tx), measured as the EIRP (equivalent isotropic radiated power), the path loss 

(PL) between the Tx and receiver (Rx) and the gain (G) of the receiving antenna.  The 

received interfering signal strength depends similarly on the radiated interference power, path 

loss and receiver gain for each interferer.  The S/N ratio depends on both of these values, 

measured within a certain bandwidth at a given frequency. 

For each service, there are minimum defined S/N (or protection) ratios; as the calculated S/N 

ratio falls below this, the service will be degraded and eventually unavailable. 
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Variables:  

 distance from desired Tx to Rx dd 

 radiated interference power Pn (dependent on standards) 

o For each relevant report (considered in section 1.4.2), the current (C) and 

proposed (P) limits are taken to calculate PnC and PnP; while reports generally 

look at worst-case scenarios, the limits are set using the ‘80-80’ rule - ie 80% 

confidence that 80% of manufactured products meet the limits; 1 in 5 products 

can exceed the limits and still meet the standard. Therefore the assumption 

used in this analysis is that manufacturers, in seeking to minimise cost, will 

always produce equipment that just conforms to the relevant standards. 

 distance from noise Tx to Rx dn  

 number of noise sources N. 

Output: S/N ratio as a function of the above variables for each victim service. 

 For broadcast services: percentage of the home (according to the home environment 

scenarios discussed later) within which the minimum protection ratio is not achieved. 

 For mobile services: mean rise in wanted signal necessary to maintain the same level 

of signal quality in the home or office (for each of the home and office scenarios). 

This may vary according to the received signal level, but in practice the levels at the 

limit of coverage are of most concern. 

o Mobile operators lay a honeycomb of cells over (most of) the UK.  It has 

therefore been assumed that the distribution of house type modelled is not 

correlated with distance from a mobile base station - ie at the cell boundaries 

(furthest region from the base station), the distribution of house type is not 

significantly different to the distribution closer to a mobile base station. 

o Thus it is assumed that any rise in the noise floor indicated by the calculations 

will be equally applicable anywhere in a cell. 

Approach: 3 scenarios have been modelled - a “spartan” (below average number of devices) 

house, an “above average” house (reasonably packed with devices) and an “office” (high 



Quotient Associates Ltd RA AY4439 8300CR5 

© York EMC Services Ltd 6 of 43 Issue 5 

density of devices); these have different numbers and spacings (effectively density) of noise 

sources. 

Tasks: 

 List the services affected by each EMI source (these are the services that will be 

modelled) 

 Describe and justify the emission levels assumed for each device with and without 

modification of standards resulting from research. Addressing the following 

questions: 

o What practical measures will manufacturers be required to take? 

o What is the approximate cost of these? 

 Detemine the minimum separation distances between each EMI source and victim 

receiver. Calculate impact on coverage in each home and office environment. 

 Assess the correlation in time between the EMI source transmitting and the victim 

system being in use: For example, SELCs (used in light dimmers) and lighting are 

likely to be used only in the evening (in some scenarios) and therefore will only 

degrade broadcast or mobile cellular reception then.  However, the average person 

may be more likely to use such services at that time. 

Each home/office environment has been defined in terms of: 

 Floor area / storeys 

 Number of fluorescent or energy efficient lighting devices 

 Number of SMPSs and SELCs (if applicable) 

 Number of PCs, entertainment centres, set-top boxes 

 

1.4 Specification of Modelling 

The modelling is based on the protection distances calculated in the RA research reports 

under consideration.  Aggregation of noise sources is considered where the emission profiles 

overlap in both space and frequency.  The duty cycle of the EMI sources is considered with 
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respect to the victim services.  The accommodation of future trends is accomplished by 

altering the distribution of modelled house types with time. 

1.4.1 Victim Services 

Table 1 presents key technical parameters for the radio services under consideration. 

Service Frequency Minimum field 

strength 

(dBµV/m) 

Co-channel 

interference 

protection ratio (dB) 

Noise 

bandwidth

FM radio [1, 2] 87.5-108 MHz 60 45 100 kHz 

DAB radio [3] 217.5-230 MHz 37 6.5 1.5 MHz 

Analogue TV 

[1, 4] 

470-590 MHz (Band IV) 

598-854 MHz (Band V) 

65 (Band IV) 

70 (Band V) 

50 5.5 

DVB-T [1] 470-590 MHz (Band IV) 

 598-854 MHz (Band V) 

56 (Band IV) 

60 (Band V) 

4 8 MHz 

Mobile [1, 5] 880-915 MHz, 925-960 

MHz (GSM-900) 

1710-1785 MHz, 1805-

1880 MHz (GSM-1800) 

34.3 (GSM-900) 

40.5 (GSM-

1800) 

9 200 kHz 

Table 1 - Parameters of key broadcast and telecommunications services. 

The protection ratios in Table 1 are for co-channel interference, ie the protection of one signal 

(eg an FM broadcast) from another signal of the same type (another, weaker, FM broadcast).  

Where signal/noise ratios are available, these have been used instead.  Rowell and Flintoft [1] 

finds that an effective protection ratio for FM radio (against EMI from energy-efficient 

lighting) is around 20 dB (note that this figure is derived by comparing the experimentally 

measured protection distances to the measured emissions); Pearce et al [6] finds that DAB 

radio can typically withstand a protection ratio of  -13 dB against narrowband noise. 

The minimum field strengths are generally derived from ITU-R or ETSI recommendations 

(though indirectly in the case of FM radio [2]), measured 10m above ground level (ground 

clutter can reduce the signal significantly closer to the ground).  For these scenarios, it is 

assumed that this field strength is also the minimum required for indoor reception (after 

passing through exterior walls). 
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1.4.2 EMI Sources 

The RA reports under consideration have identified several sources of EMI which can cause 

problems for the above victim services. These sources are: 

• Energy efficient lighting equipment 

• Dithered Clock Oscillators (DCOs) 

• Computer processors running at frequencies above 1 GHz 

• Switched Mode Power Supplies (SMPSs)/Switched Electronic Load Controllers 

(SELCs) 

Only a few of the reports recommend that new limits be set.  Often these new limits do not 

replace existing limits; instead they extend the frequency range over which equipment must 

comply. 

Project AY4125 [1] considers the emission limits set for lighting equipment in view of both 

the new technology in the area and the forthcoming European Energy Directive.  Currently 

limits are not set between 30 and 300 MHz; the report proposes that new limits be introduced 

in CISPR 15 (EN 55015) from 30-300 MHz, primarily to protect FM radio in VHF Band II. 

Project AY3377 [7] considers the emission limits set for electronic equipment using DCOs or 

other devices having unintentional emission with spread spectrum characteristics in the 

frequency bands allocated to analogue broadcast radio services.  Compared to non-DCO 

equipment, DCOs broaden and flatten the peak emission by spreading the emitted energy 

over a wider frequency range, typically by 1-3%.  This reduces the energy measured in each 

frequency band by the quasi-peak (QP) detector mandated by many EMC standards.  

Although it also reduces the noise energy that will interfere with a particular station (since 

AM and FM broadcast technologies use bandwidths narrower than the QP detector), it 

increases the probability that a given noise source will interfere with a radio station. 

The current limits do not discriminate between broadband noise (emitted by DCOs) and 

narrowband noise, allowing equipment using DCOs to emit at the same level (as measured by 

a QP detector) as non-DCO equipment but potentially interfering over a much larger 

frequency range.  According to the report, the probability of interference is increased by a 

factor of 35, given equal levels measured in a QP detector. 
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The report proposes that limits for broadband sources should be reduced (ie made more 

stringent) in CISPR 22 (EN 55022) by 10dB for any single emission which occupies 10 or 

more measuring receiver bandwidths.  For narrower sources, the limit is reduced by 








∆
∆

r
f

10log10  where f∆  is the source bandwidth (measured at the -10dB points) and r∆  is 

the measuring receiver bandwidth. 

Project AY4092 [6] considers the emission limits set for electronic equipment using DCOs in 

the frequency bands allocated to DAB (digital radio) and DVB-T (digital television).  Both of 

these broadcast technologies use much wider bandwidths than the QP detector (1.5 MHz for 

DAB, 8 MHz for DVB-T).  Thus, while a spread-spectrum noise source may record a much 

lower level in a QP detector, much of its emitted energy will still be able to interfere with a 

digital broadcast signal.  In addition, both broadcast technologies were designed to have a 

high degree of immunity to narrowband interference, even to a noise peak several times 

higher than the wanted broadcast signal.  This degree of immunity is much diminished when 

dealing with broadband interference.  The report found that DVB-T receivers required a 

protection ratio of around 20 dB against noise emitted by DCOs, compared with a protection 

ratio of around 3 dB against continuous wave (CW) emissions. 

As for the analogue broadcast services above, current limits do not discriminate between 

broadband noise (emitted by DCOs) and narrowband noise.  Given that current digital 

broadcast receivers have much reduced immunity to broadband noise, the consequence is that 

much larger protection distances are required. 

The report proposes three courses of action to mitigate the effects of equipment using DCOs 

on DVB-T - to improve the immunity of DVB-T receivers (which is manufacturer-

dependent), to increase the power of DVB-T transmissions (which has occurred to some 

extent; but cannot be a panacæa until the analogue TV switch-off) and to impose more 

stringent EMC requirements for DCO enabled products (a fourth course, of tolerating 

increased numbers of complaints, is also presented).  The third option entails lowering the 

limit in CISPR 22 (EN 55022) for broadband sources - by 3dB in Bands IV and V (470-854 

MHz) to protect DVB-T.  Similarly, it is proposed that the limit for broadband sources in 

CISPR 22 be reduced by 8dB in Band III (217.5-230 MHz) to protect DAB. 
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The power of current DVB-T transmissions [8] is at least 10 dB below the power of 

corresponding analogue transmissions [9].  A presentation from BBC R&D [10] indicates 

that current spectrum-planning agreements limit the power of digital transmissions to 7 dB 

below that of analogue transmissions.  It should also be noted that the latest ITC report [11] 

concludes it is “unlikely” that a nationwide switchover to digital television will be achieved 

“in the early part of the 2006-2010 ‘target window’” and only in the most optimistic current 

prediction is the Government’s ‘accessibility’ requirement (95% of households having access 

to digital receiving equipment) met by 2010. 

Bansal et al [12] suggested a 3m test limit of 57 dBµV/m, which is significantly higher than 

the levels withstandable by the services it is designed to protect.  The reason given for this 

was that a significant allowance for probability factor of interference was made; also existing 

FCC limits are set at 70 dBµV/m.  The report recommended that further work be performed 

to better define the probability factor.  However, a recent report [13] on CISPR limits above 1 

GHz indicates that limits of 50 dBµV/m at 3m may be set between 1 and 3 GHz.  The 

analysis will use this limit as that recommended by research. 

It should be remembered that if interference was occurring on a frequent basis to GSM 1800 

it would not be immediately apparent to users or operators as the service would simply select 

a useable communication channel. The interference if widespread would nevertheless reduce 

the total bandwidth of the system which may in time become apparent to operators and users. 

Project AY4398 [14] considers the level of emissions from SMPSs and SELCs.  At the time 

of writing, this project is still ongoing, though preliminary results have shown that current 

technology can give rise to radiated emissions up to 300 MHz.  Detailed conclusions and 

recommendations are not yet available. 

1.4.3 EMI Source / Victim Service Matrix of Interference 

Table 2 shows the probability that each identified noise source will interfere with the victim 

service, based on the frequency range of emissions recorded and the findings presented in the 

RA research reports. 
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Victim Service 
 

LW MW FM DAB PAL DVB-T Mobile 

Lighting High High High Medium Low Low Low 

DCO Low Low High High High1 High Medium 

> 1 GHz 

micro-

processors 

Low Low Low Low Low Low High 
EMI 

Source 

SMPS / 

SELC 
High High High Medium Low Low Low 

Table 2 - Probability of interference by the source on each victim service. 

The analysis presented in this report considers only cases where there is a high probability of 

interference. 

1.4.4 Typical Indoor Environments 

The three indoor environments modelled are an office, a home with an above-average number 

of electromagnetic noise sources and a home with a below-average number of 

electromagnetic noise sources.  The definition of the average home is quite loose and is set 

around 3-5 years in the future. 

1.4.4.1 Office 
The Office Model has six lighting arrays of four fluorescent tubes, six PCs and connected 

peripherals (1-2 devices per PC requiring an additional SMPS) and one additional laptop.  

Figure 1 presents a plan of the office displaying the modelled noise sources. 

• 36 m² / 1 floor 

• 24 energy-efficient lighting devices 

• 16 SMPSs 

• 7 DCOs 

• 7 PCs (included in above SMPS/DCO counts) 

                                                 

1 However, the degradation reported was roughly equivalent to that from competing non-DCO technologies. 
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Figure 1 - Schematic of the Office model. Light fittings are low-energy fluorescent devices mounted in the 

ceiling; the PCs are at desk height; a laptop is co-located with the PC (shown offset for clarity in this 

figure) positioned at the bottom-right. 

1.4.4.2 Above-average home 
The above-average home model is designed to model a level of technology which will 

become much more prevalent in the future.  It is estimated that the level of technology 

represented in this house type will become the most common level in 5-10 years’ time.  The 

model has a lounge containing a set-top box (Freeview, cable or satellite), a personal video 

recorder (PVR) - essentially customised PC hardware which saves audio and video to hard 

disc for later viewing, a games console and a DVD player, all co-located with the TV.  There 

is also a Hi-Fi (capable of playing compressed digital audio files, with a wireless link to the 

PC upstairs), a DECT base station and a pair of mobile phone chargers.  The PVR, games 

console and Hi-Fi contain DCOs.  The lights dim using an energy-efficient light dimmer 

containing a SELC.  The kitchen contains low-voltage halogen lights (run from a SMPS in 

the ceiling) and an intelligent fridge (containing a PC).  Upstairs, there is a multimedia PC in 

the spare bedroom (including speakers, inkjet printer, LCD monitor and charger for a digital 

camera) and occasionally a laptop.  Figure 2 presents a plan of the home, displaying the noise 

sources. 

• 90 m² / 2 floors 

• 4 energy-efficient lighting devices 

• 9 SMPSs (lounge), 6 SMPSs (upstairs), 1 SELC (lounge) 
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• 6 DCOs 

• 6 PCs 

Although there are several energy-efficient lighting devices within the above-average home, 

there are no fluorescent luminaires; the active devices are a SMPS and a SELC. 

 

Figure 2 - Schematic of the above-average home model.  The small ‘light fitting’ objects in the lounge and 

kitchen are the active devices.  It is assumed that the DCO devices in the lounge provide sufficient self-

immunity for any radio service employed - eg the Hi-Fi will not interfere with its own radio reception. 

1.4.4.3 Below-average home 
The below-average home is designed to model a level of technology which, while presently 

common, will become much less prevalent in the future.  “Above-average” and “below-

average” refer only to the numbers of EMI sources within the house. The below-average 

home will have a lounge containing a set-top box (Freeview, cable or satellite), a video 

cassette recorder and a DVD player, all co-located with the TV.  There is also a Hi-Fi and a 

mobile phone charger.  Upstairs, there is a multimedia PC in the spare bedroom (including 

speakers, CRT monitor and inkjet printer) and occasionally a laptop. 

• 90 m² / 2 floors 



Quotient Associates Ltd RA AY4439 8300CR5 

© York EMC Services Ltd 14 of 43 Issue 5 

• 0 energy efficient lighting devices 

• 6 SMPSs (lounge), 5 SMPSs (upstairs) 

• 3 DCOs 

• 2 PCs 

 

Figure 3 - Schematic of the below-average house.  Although no modellable noise sources are present in the 

ground floor, modelling is still performed all over the house to allow for noise seepage. 
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1.5 Modelling 

1.5.1 Assumptions 

Firstly it is assumed that the victims are in the far-field with respect to the noise sources.  As 

an EM wave propagates from its source, energy is exchanged between the E and H fields 

until the far-field ratio (E/H = 377 Ω) is reached; this takes a few wavelengths to happen.  As 

the radiating mechanism for the noise sources is not known (ie whether they emit 

predominantly E fields from antenna-like structures or H fields from current loops) the E/H 

ratio in the near-field is also not known; this is a larger problem for lower frequencies.  EMC 

standards allow measurements to be taken 3m from a device under test at frequencies down 

to 30 MHz, which are assumed to be far-field measurements.  At smaller separations than 3m, 

this assumption may not be valid for a particular device.  When averaged over a large number 

of devices, any errors are likely to cancel out. 

Secondly it is assumed that the margins of standards-meeting are constant - ie that for a given 

limit level, the distribution of relevant products meeting the limit by x dB (or failing) is 

independent of the limit itself, given a reasonable period of time after the introduction of the 

new limit. 

For the aggregation of noise sources overlapping in frequency, it is assumed that the sources 

are incoherent and their noise powers can be summed. 

Increasing the received wanted signal strength by 20 dBµV/m decreases the radius of 

exclusion from an EMI source by a factor of 10; the volume of the excluded sphere is 

decreased by a factor of 103.  This simple scaling ratio cannot be directly extended to the 

models without assuming that both spheres of exclusion (before and after a change to the 

limits) are completely contained inside a particular room.  Such an assumption is clearly not 

valid and so the scaling ratio must be altered if the larger sphere extends outside a room while 

the smaller sphere is contained. 

All noise sources are assumed to emit isotropically.  This approximation is probably 

pessimistic above 1 GHz, where there can be significant directionality in device emissions.  

Reflections from walls (which are not accounted for in the modelling) would tend to reduce 

the margin of error, but there may still be an overestimation of the volume of the building 

affected by a factor of up to 2. 
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1.5.2 Results - Office Model 

1.5.2.1 FM vs Lighting 
The new limits proposed by Project AY4125 between 30 and 300 MHz (previously there 

were none) protect FM radio services in 5% of the office space at the minimum received 

signal strength using the given protection distance.  All this volume is below desk level, using 

a simple “spheres of exclusion” model.  If the sources are aggregated (assuming no 

correlation between them) then none of the office is protected.  The protection distance for 

AM (LW & MW) radio is the same; however, AY4125 does not propose a change in the 

limits.  Therefore the analysis only considers the impact of new limits on FM services since 

only these are likely to benefit from the research. Figure 4 presents four horizontal slices 

through the model Office at decreasing heights above the floor. 
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Figure 4 - Exclusion zones at four different heights for FM radio services from six fluorescent lights in the 

office model: top-left - ceiling (2.7m); top right - desk (1m); bottom left - 0.7m, the height below which 

pockets of the Office are not excluded; bottom right - floor. 

An estimation of the increased interference which may arise in the absence of these limits can 

be made by analysing measurements made on lights with known problems.  One such light 

had emissions over the FM band ranging between 50 dBµV/m and 33 dBµV/m at 10m; the 

value of 40 dBµV/m at 10m shall be used as the estimation of the increased interference. 

1.5.2.1.1 Likelihood and Cost 
In the Office Model, the lights are on when it is occupied (8 hrs every weekday).  The 

emission profiles of many current energy efficient lights meet the proposed limits, so there is 
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no additional cost to meeting the standard.  The impetus towards lighting which is more 

energy efficient will most likely increase the level of RF emissions - faster switching in 

lighting ballasts increases efficiency at the cost of increased emissions. 

1.5.2.1.2 Varying Received Signal Strength 
Table 3 shows how varying the FM signal strength affects the volume of office space unable 

to receive FM broadcasts. 

Received FM 

Signal Strength 

(dBµV/m) 

Volume of office 

excluded with 

current limits (%) 

Volume of office 

excluded with proposed 

new limits (%) 

Volume of office 

affected by proposed 

change (%) 

60 100 95 5 

65 100 50 50 

70 95 22 73 

75 50 0.8 49 

80 22 <0.1 22 

Table 3 - Volume of office excluded as a function of received wanted signal strength.  60 dBµV/m is the 

practical minimum field strength for FM radio used for service planning in the UK (see section 1.4.1). 
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1.5.2.2 FM vs Dithered Clocks 
Figure 5 presents the exclusion zones for FM radio at desk height.  On the left, the protection 

distance is shown for the current limit; on the right, the protection distance is shown for the 

proposed reduced limit for equipment employing DCOs. 

 

Figure 5 - Exclusion zones at desk height for DCO-enabled PCs without (left) and with (right) new 

proposed limits, for FM radio receivers tuned to the part of the FM band suffering interference from 

DCOs.  NB the extra lobes on the right figure are due to the consideration of aggregation. 

1.5.2.2.1 Likelihood 
As with lighting, DCO-enabled equipment is on when the office is occupied (8 hrs every 

weekday).  A single DCO could only interfere with around 1 MHz of the FM band (ie 5%); it 

is very likely that the DCO will interfere with some part of the FM band, since the 33 MHz 

PCI bus is ubiquitous (the 3rd harmonic will lie in the FM band).  Multiple PCs (whether 

using DCOs or not) may interfere with rather more of the band, since processor speeds can 

vary due to manufacturing tolerance by ±1% from their rated speed; also, budget PC systems 

may intentionally run up to 5% slower so that cheaper parts with looser tolerances can be 

used. 

Therefore, 5-16% of the FM band may be affected by the exclusion zones depicted in Figure 

5; 70-80% of the office space is affected by this proposed change.  Alternatively, if 

manufacturers choose to not use DCOs, 0.1-0.3% of the FM band will be affected. 
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1.5.2.2.2 Varying Received Signal Strength 
Table 4 shows the change in the volume of office space excluded when comparing the current 

and proposed standards, as a function of the received FM signal strength. 

Received FM 

Signal Strength 

(dBµV/m) 

Volume of office 

excluded with current 

limits (%) 

Volume of office 

excluded with proposed 

new limits (%) 

Volume of office 

affected by proposed 

change (%) 

60 97 20 77 

65 28 5 23 

70 20 1 19 

75 5 0.2 4 

80 1 <0.1 1 

Table 4 - Volume of office affected as a function of received wanted signal strength.  60 dBµV/m is the 

practical minimum field strength for FM radio used for service planning in the UK. 

1.5.2.2.3 Cost 
DCOs were designed to spread the RF emissions from domestic and office electronic 

equipment over a wider frequency range, thus allowing savings (roughly between three to 

five pounds) to be made by reducing the amount of EM shielding afforded by the device 

casing.  The cost of complying with more stringent limits is that of restoring the original level 

of shielding. 
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1.5.2.3 DAB vs Dithered Clocks 
Figure 6 presents the exclusion zones for DAB radio at desk height. 

 

Figure 6 - top-left: Worst-case for non-DCO equipment; top-right: non-DCO equipment with 8dBµV/m 

stronger DAB signal; bottom-left: DCO equipment with current limits (8dBµV/m stronger DAB signal); 

bottom-right: DCO equipment with proposed limits (8dBµV/m stronger DAB signal). 

The high susceptibility of DAB receivers to wideband interference means that the protection 

distances (and therefore the spheres of exclusion) are significantly larger than those for, say 

FM receivers.  With 8 dBµV/m more wanted signal than the minimum required signal 

strength, 98% of the office space is excluded. This is comparable to the 97% excluded 

volume for FM receivers at the minimum signal strength and therefore the detailed analysis 
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has been performed at this increased signal strength.  The variation of affected volume with 

signal strength has then been calculated from this higher starting point. 

1.5.2.3.1 Likelihood 
DCO-enabled equipment is on when the office is occupied (8 hrs every weekday).  Non-

dithered equipment leaves 90% of the office area able to receive DAB (see Figure 6, top-

right); DCO-enabled equipment with current limits leaves 2% of the office area able to 

receive DAB (see Figure 6, bottom-left); with the proposed limits, DCO-enabled equipment 

leaves 50% of the office area able to receive DAB (see Figure 6, bottom-right). 

How much of the DAB band will be affected is a more difficult question. The 217.5-230 

MHz band is missed by both the 6th and 7th harmonics from the 33 MHz PCI bus; only 

intentionally slowed-down, budget PCs will interfere in the band.  If it is assumed that one of 

the six desktop PCs is a budget model then around 8% of the office space and 12% of the 

band will be affected by the proposed change. (There are no non-PC DCOs in the Office 

scenario; such equipment will be more likely to interfere within the DAB frequency band, 

since it does not have to run at multiples of 33 MHz.) 

1.5.2.3.2 Varying Received Signal Strength 
Table 5 shows the change in the volume of office space excluded when comparing the current 

and proposed standards, as a function of the received DAB signal strength. 

Received DAB 

Signal Strength 

(dBµV/m) 

Volume of office 

excluded with current 

limits (%) 

Volume of office 

excluded with proposed 

new limits (%) 

Volume of office 

affected by proposed 

change (%) 

37 25 <1 25 

40 15 <0.5 15 

45 8 <0.1 8 

50 2 <0.1 2 

55 0.2 <0.1 0.2 

Table 5 - Volume of office affected as a function of received wanted signal strength.  37 dBµV/m is the 

ETSI minimum recommended field strength for DAB radio. 

1.5.2.3.3 Cost 
The cost of complying with the limits in the DAB band will only affect those PCs which 

would emit in the band; again, the enhanced shielding capable of ensuring compliance in the 
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FM band will also ensure compliance in the DAB band and so there is no addition to the cost 

of compliance. 

1.5.2.4 Mobile Telecoms vs CPU Clocks Above 1GHz 
Above 1 GHz there are currently no generic emission limits used to test wide ranges of 

electrical devices.  The report by Bansal et al [12] recommended a more relaxed limit 

compared to those previously proposed within the CISPR working group - it is understood 

from anecdotal reports that emissions limits of 47 dBµV/m at 3m had been proposed by 

proponents of radio services.  The limits proposed by Bansal et al suggest that a higher 

emission limit would provide adequate protection to the spectrum users, while being much 

less onerous for equipment manufacturers, both in terms of the level of shielding required and 

in the cost of the EMC testing to be performed. 

Figure 7 presents the noise contours permitted by the proposed new limits (50 dBµV/m at 

3m) between 1 and 3 GHz (right) compared to the previously proposed limits (47 dBµV/m at 

3m, left). 

 

Figure 7 - Noise level contours permitted for a device meeting the previously (left) and currently (right) 

proposed new limits between 1 and 3 GHz, at desk height (0.7m above floor level).  The contours are 2 dB 

steps. 

Table 6 presents the cumulative volume of the office experiencing various field strengths due 

to the two proposed limits. 
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Cumulative volume of house (%) Noise Field Strength 

(dBµV/m) Limit of 47 dBµV/m @ 3m Limit of 50 dBµV/m @ 3m 

58 1 4 

56 3 7 

54 6 13 

52 10 21 

50 16 35 

48 27 56 

46 46 80 

44 70 95 

42 90 100 

40 100 100 

Table 6 - Noise field strengths inside the office at a frequency between 1 and 3 GHz due to a PC meeting 

either proposed limit; it is assumed that the PC will just meet the limit at its fundamental CPU frequency. 

1.5.2.4.1 Likelihood and Cost 
Equipment containing above-1 GHz processors is on when the office is occupied (8 hrs every 

weekday).  Emissions in the above-1 GHz mobile bands only occur from one PC in the 

model.  Current state-of-the-art PCs already run at 3.0 GHz (though AMD CPUs with 

comparable processing power run at around 2.2 GHz, and Intel’s Pentium-M CPU range runs 

at up to 1.6 GHz, with performance comparable to a 2.4 GHz Pentium 4 processor [15]).  

Given that there are currently concerns with heat dissipation and that this is likely to be 

exacerbated by another process shrink [16] it is possible that the frequencies of state-of-the-

art CPUs will level off to some extent, keeping mid-range processor frequencies within the 

mobile communication frequency bands for the next few years.  Therefore, one PC in the 

office model is likely to have a CPU running at a frequency lying in the above-1 GHz mobile 

bands. 

Assuming that the processor frequency is not dithered, only one GSM channel would be 

affected.  Note that a 1% dither would affect 18 MHz of bandwidth (at 1.8 GHz) at a level 6-

10 dB lower.  An undithered processor in a UMTS band would appear as a narrowband spike 

of noise; as a wideband communication system, UMTS would be expected to exhibit 

significant immunity to such noise.  A processor with a 1% dither would affect a band over 

20 MHz wide, again 6-10 dB lower; it is likely that UMTS will exhibit relatively weaker 

immunity to a wideband noise source. 
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The cost of reducing emissions is a complex issue - case apertures, which are required for 

removable media (such as CDs), expansion cards and ventilation, become the dominant 

sources of radiation.  A well-engineered case with sprung-metal edging to slots and drive 

bays (to minimise the radiation from such apertures) may cost as little as ten pounds more 

than a poorer case.  Windowed PC cases (including a perspex-covered hole so that the 

computer innards can be displayed) generally cost more than a well-engineered case. 

 

1.5.3 Results - Above-average home 

In the following figures, slices through the exclusion zones at 0.7m above floor level are 

presented.  The ground floor is shown at the left, the first floor to the right.  The modelling 

also assumes that the Hi-Fi does not emit in the FM (or DAB) band and the PVR does not 

emit over the DVB-T bands. 

1.5.3.1 FM vs Dithered Clocks 
Figure 8 presents the exclusion zones for FM radio at 0.7m above floor level.  The upper set 

of plots show the exclusion zones for equipment (both DCO-enabled and not) meeting 

current limits; the lower set of plots for DCO-enabled equipment meeting the proposed new 

limits.  An attenuation factor of 5 dB was chosen for propagation through internal walls.  

Annex D of EN55011 notes that the attenuation provided by a building (ie its exterior walls) 

is unlikely to be more than 10dB.  Since many of the DCOs are not PCs (and therefore run at 

different clock frequencies), there is no aggregation of noise sources. 
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Figure 8 - Exclusion zones for FM radio from DCO-enabled equipment.  Top: current and non-dithered 

limit; bottom: new proposed limit for DCO-enabled equipment. 

1.5.3.1.1 Likelihood 
Some DCO-enabled equipment (eg the intelligent fridge) is on all the time; most will have a 

duty cycle of between 10 and 30%.  However, an economic cost associated with interference 

only transpires when a wanted signal is interrupted, giving an effective duty cycle of between 

30 and 100%.  A single DCO can only interfere with around 1 MHz of the FM band (ie 5%); 

it is very likely that a PC with a DCO will interfere with some part of the FM band, since the 

33 MHz PCI bus is ubiquitous (the 3rd harmonic will lie in the FM band).  Other DCO-
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enabled equipment will very probably have a harmonic overlaying the FM band, again 

interfering with 5% of the FM band. 

Therefore, 5-14% of the FM band will be affected by the exclusion zones depicted in Figure 

8; 45% of the home space is affected by this proposed change.  Alternatively, if 

manufacturers choose to not use DCOs, 0.1% of the FM band will be affected. 

1.5.3.1.2 Varying Received Signal Strength 
Table 7 shows the change in the volume of house space excluded when comparing the current 

and proposed standards, as a function of the received FM signal strength. 

Received DAB 

Signal Strength 

(dBµV/m) 

Volume of house 

excluded with current 

limits (%) 

Volume of house 

excluded with proposed 

new limits (%) 

Volume of house 

affected by proposed 

change (%) 

60 55 10 45 

65 21 5 16 

70 10 1 9 

75 5 <1 4 

80 1 <1 <1 

Table 7 - Volume of house affected as a function of received wanted signal strength.  60 dBµV/m is the 

practical minimum field strength for FM radio used for service planning in the UK (see section 1.4.1). 

 

1.5.3.2 DAB vs Dithered Clocks 
Figure 9 presents the exclusion zones for DAB radio at 0.7m above floor level.  Detailed 

analysis has again been carried out with 8 dBµV/m more wanted signal than the minimum 

required signal strength.  Internal walls have an attenuation factor of 5 dB. 
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Figure 9 - Exclusion zones for DAB from DCO-enabled equipment.  Top: Protection from non-dithered 

noise sources; middle: current protection from DCO-enabled equipment; bottom: protection after new 

proposed limits for DCO-enabled equipment. 
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1.5.3.2.1 Likelihood 
As above, some DCO-enabled equipment is on all the time; most will have an effective duty 

cycle (having the potential to interfere with a wanted signal) between 30 and 100%.  A single 

DCO can only interfere with around 2 MHz of the DAB band (ie 12%); it is likely around 

half of the DCO-enabled equipment will interfere with some part of the DAB band. 

Therefore, 12-32% of the DAB band will be affected by the exclusion zones depicted in 

Figure 9; 12% of the home space is affected by this proposed change (at a received signal 

strength 10 dBµV/m higher than the recommended minimum).  Alternatively, if 

manufacturers choose to not use DCOs, effectively none of the DAB band will be affected. 

1.5.3.2.2 Varying Received Signal Strength 
Table 8 shows the change in the volume of house space excluded when comparing the current 

and proposed standards, as a function of the received DAB signal strength. 

Received Signal 

Strength 

(dBµV/m) 

Volume of house 

excluded with current 

limits (%) 

Volume of house 

excluded with proposed 

new limits (%) 

Volume of house 

affected by proposed 

change (%) 

37 100 35 65 

40 50 10 40 

45 17 5 12 

50 10 1 9 

55 4 <1 4 

Table 8 - Volume of house affected as a function of received wanted signal strength.  37 dBµV/m is the 

ETSI minimum recommended field strength for DAB radio. 

 

1.5.3.3 DVB-T vs Dithered Clocks 
Figure 10 presents the exclusion zones for Band V DVB-T reception at 0.7m above floor 

level.  Internal walls are assumed to have an attenuation factor of 5 dB. 
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Figure 10 - Exclusion zones for Band V DVB-T from DCO-enabled equipment.  Top: Protection from 

non-dithered noise sources; middle: current protection from DCO-enabled equipment; bottom: 

protection after new proposed limits for DCO-enabled equipment. 

1.5.3.3.1 Likelihood 
As above, some DCO-enabled equipment is on all the time; most will have an effective duty 

cycle of between 30 and 100%.  A single DCO with a 1% spread can interfere with several 

sections of the DVB-T bands; at 470 MHz the interference band will be 4.7 MHz wide, at 

850 MHz it will be 8.5 MHz wide.  Over all the frequencies assigned to TV, between 10% 
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and 20% will have an overlaid interference band (given a fundamental system frequency 

below 100 MHz).  Thus it is likely that all of the DCO-enabled equipment will interfere with 

some part of the DVB-T bands. 

Therefore, 10-49% of the DVB-T bands will be affected by the exclusion zones depicted in 

Figure 10 (the darker the zone, the greater the range of frequencies excluded); 2% of the 

home space is affected by this proposed change.  Alternatively, if manufacturers choose to 

not use DCOs, around 17% of the DVB-T bands will be affected over less than 10% of the 

home space. 

It is presently unlikely that a household will have more than one DVB-T receiver.  However, 

it is probable that a household’s second DVB-T receiver will be a portable model with an 

integral antenna.  Siting such a receiver will require taking note of the exclusion zones (and 

of the probability that the EMI source will interfere with a wanted channel).  The spheres of 

exclusion did not reach up to an antenna-mounting point on the roof.  However, the 

probability of interference would be greater if the home office is part of a loft conversion. 

1.5.3.3.2 Varying Received Signal Strength 
Table 9 shows the change in the volume of house space excluded when comparing the current 

and proposed standards, as a function of the received DVB-T signal strength. 

Received DVB-T 

Signal Strength 

(dBµV/m) 

Volume of house 

excluded with 

current limits (%) 

Volume of house 

excluded with proposed 

new limits (%) 

Volume of house 

affected by proposed 

change (%) 

56 100 98 2 

61 94 76 18 

66 63 45 18 

71 26 12 14 

76 7 4 3 

Table 9 - Volume of house affected as a function of received wanted signal strength.  56 dBµV/m is the 

minimum recommended field strength for Band V DVB-T reception. 

Note that the volume of the house affected by the proposed change increases with a modest 

increase in received signal strength, due to the high susceptibility of DVB-T reception to 

wideband interference and the large protection distances (extending beyond the room 

boundaries) required at low received signal strengths. 
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1.5.3.4 Mobile Telecoms vs CPU Clocks Above 1GHz 
Figure 11 presents the noise contours permitted by the proposed new limits (50 dBµV/m at 

3m) between 1 and 3 GHz (bottom) compared to the previously proposed limits (47 dBµV/m 

at 3m, top).  See section 1.5.2.4 for further details. 

 

Figure 11 - Noise level contours above 1 GHz permitted for selected devices meeting the previously (top) 

and currently (bottom) proposed new limits between 1 and 3 GHz, at 0.7m above floor level.  The 

contours are 2 dB steps. 
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Table 10 presents the cumulative volume of the office experiencing various field strengths 

due to the two proposed limits. 

Cumulative volume of office (%) Noise Field Strength 

(dBµV/m) Limit of 47 dBµV/m @ 3m Limit of 50 dBµV/m @ 3m 

60 1 3 

58 2 5 

56 3 11 

54 7 20 

52 15 30 

50 25 46 

48 37 66 

46 56 81 

44 75 92 

42 88 97 

40 95 100 

38 99 100 

36 100 100 

Table 10 - Noise field strengths inside the house at a frequency between 1 and 3 GHz due to various PC-

based devices meeting either proposed limit; it is assumed that the PCs will just meet the limit at their 

fundamental CPU frequencies. 

1.5.3.4.1 Likelihood and Cost 
Some equipment containing above-1 GHz processors is on all the time; most will have an 

effective duty cycle of between 30 and 100%.  Emissions occur from three devices - the Hi-

Fi/Media centre, the ‘intelligent’ fridge and the laptop PC.  These are all likely to contain 

CPUs which are silent (ie low-power and low-frequency) or mid-range devices. 

The cost of reducing emissions is a complex issue - case apertures, which are required for 

removable media (such as CDs) and ventilation, become the dominant sources of radiation.  

Because none of the devices is intended to be as expandable as a generic PC, there should be 

fewer problems engineering a case to minimise emissions (for instance, the device generally 

will not be user-serviceable).  A well-engineered case may cost five to ten pounds more than 

a poorer case. 
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1.5.4 Results - Below-average home 

In the following figures, slices through the exclusion zones at 0.7m above floor level are 

presented.  As there are no devices being modelled on the ground floor and no exclusion 

zones from the first floor reach down to the ground, the plan of the ground floor is omitted. 

1.5.4.1 FM vs Dithered Clocks 
Figure 12 presents the exclusion zones for FM radio at 0.7m above floor level.  The left-hand 

plot shows the exclusion zones for equipment (both DCO-enabled and not) meeting current 

limits; the right-hand plot for DCO-enabled equipment meeting the proposed new limits.  An 

attenuation factor of 5 dB was chosen for through-wall propagation. 

 

Figure 12 - Exclusion zones for FM radio from DCO-enabled equipment.  Left: current and non-dithered 

limit; right: new proposed limit for DCO-enabled equipment. 

1.5.4.1.1 Likelihood 
Most DCO-enabled equipment will have an effective duty cycle between 30 and 100%.  A 

single DCO can only interfere with around 1 MHz of the FM band (ie 5%); it is very likely 

that a PC with a DCO will interfere with some part of the FM band, since the 33 MHz PCI 

bus is ubiquitous (the 3rd harmonic will lie in the FM band).  Other DCO-enabled equipment 

will very probably have a harmonic overlaying the FM band, again interfering with 5% of the 

FM band. 
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Therefore, 5-14% of the FM band will be affected by the exclusion zones depicted in Figure 

12; 20% of the home space is affected by this proposed change.  Alternatively, if 

manufacturers choose to not use DCOs, 0.1% of the FM band will be affected. 

1.5.4.1.2 Varying Received Signal Strength 
Table 11 shows the change in the volume of house space excluded when comparing the 

current and proposed standards, as a function of the received FM signal strength. 

Received FM 

Signal Strength 

(dBµV/m) 

Volume of house 

excluded with current 

limits (%) 

Volume of house 

excluded with proposed 

new limits (%) 

Volume of house 

affected by proposed 

change (%) 

60 23 6 17 

65 9 4 5 

70 6 <1 6 

75 4 <1 4 

80 <1 <0.1 <1 

Table 11 - Volume of house affected as a function of received wanted signal strength.  60 dBµV/m is the 

practical minimum field strength for FM radio used for service planning in the UK (see section 1.4.1). 
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1.5.4.2 DAB vs Dithered Clocks 
Figure 13 presents the exclusion zones for DAB radio at 0.7m above floor level.  Detailed 

analysis has again been carried out with 10 dBµV/m more wanted signal than the minimum 

required signal strength.  Internal walls have an attenuation factor of 5 dB. 

 

Figure 13 - Exclusion zones for DAB from DCO-enabled equipment.  Top-left: Protection from non-

dithered noise sources; top-right: current protection from DCO-enabled equipment; bottom: protection 

after new proposed limits for DCO-enabled equipment. 

1.5.4.2.1 Likelihood 
As above, some DCO-enabled equipment is on all the time; most will have an effective duty 

cycle of between 30 and 100%.  A single DCO can only interfere with around 2 MHz of the 

DAB band (ie 12%); it is likely around half of the DCO-enabled equipment will interfere 

with some part of the DAB band. 
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Therefore, 12-32% of the DAB band will be affected by the exclusion zones depicted in 

Figure 13; 8% of the home space is affected by this proposed change.  Alternatively, if 

manufacturers choose to not use DCOs, effectively none of the DAB band will be affected. 

1.5.4.2.2 Varying Received Signal Strength 
Table 12 shows the change in the volume of house space excluded when comparing the 

current and proposed standards, as a function of the received DAB signal strength. 

Received DAB 

Signal Strength 

(dBµV/m) 

Volume of house 

excluded with current 

limits (%) 

Volume of house 

excluded with proposed 

new limits (%) 

Volume of house 

affected by proposed 

change (%) 

37 42 10 32 

40 30 8 22 

45 10 2 8 

50 6 1 5 

55 4 <1 4 

Table 12 - Volume of house affected as a function of received wanted signal strength.  37 dBµV/m is the 

ETSI minimum recommended field strength for DAB radio. 
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1.5.4.3 DVB-T vs Dithered Clocks 
Figure 14 presents the exclusion zones for Band V DVB-T reception at 0.7m above floor 

level.  Internal walls have an attenuation factor of 5 dB. 

 

Figure 14 - Exclusion zones for Band V DVB-T from DCO-enabled equipment.  Top-left: Protection from 

non-dithered noise sources; top-right: current protection from DCO-enabled equipment; bottom: 

protection after new proposed limits for DCO-enabled equipment. 
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1.5.4.3.1 Likelihood 
As above, some DCO-enabled equipment is on all the time; most will have an effective duty 

cycle of between 30 and 100%.  A single DCO can only interfere with several sections 4-8 

MHz wide, of the DVB-T bands (between 10% and 20%, given a fundamental system 

frequency below 100 MHz); it is likely that all of the DCO-enabled equipment will interfere 

with some part of the DVB-T bands. 

Therefore, 10-49% of the DVB-T bands will be affected by the exclusion zones depicted in 

Figure 14; 17% of the home space is affected by this proposed change.  Alternatively, if 

manufacturers choose to not use DCOs, around 10% of the DVB-T bands will be affected 

over less than 3% of the home space. 

It is presently unlikely that a household will have more than one DVB-T receiver.  However, 

it is probable that a household’s second DVB-T receiver will be a portable model with an 

integral antenna.  Siting such a receiver will require taking note of the exclusion zones (and 

of the probability that the EMI source will interfere with a wanted channel). 

1.5.4.3.2 Varying Received Signal Strength 
Table 13 shows the change in the volume of house space excluded when comparing the 

current and proposed standards, as a function of the received DVB-T signal strength. 

Received DVB-T 

Signal Strength 

(dBµV/m) 

Volume of house 

excluded with 

current limits (%) 

Volume of house 

excluded with proposed 

new limits (%) 

Volume of house 

affected by proposed 

change (%) 

56 77 60 17 

61 47 31 17 

66 27 21 6 

71 8 3 5 

76 2 1 1 

Table 13 - Volume of house affected as a function of received wanted signal strength.  56 dBµV/m is the 

minimum recommended field strength for Band V DVB-T reception. 
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1.5.4.4 Mobile Telecoms vs CPU Clocks Above 1 GHz 
Figure 15 presents the noise contours permitted by the proposed new limits (50 dBµV/m at 

3m) between 1 and 3 GHz (right) compared to the previously proposed limits (47 dBµV/m at 

3m, left).  See section 1.5.2.4 for further details. 

 

Figure 15 - Noise level contours above 230 MHz permitted for a laptop PC meeting the previously (left) 

and currently (right) proposed new limits between 1 and 3 GHz.  The contours are 2 dB steps. 

Table 14 presents the cumulative volume of the office experiencing various field strengths 

due to the two proposed limits. 
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Cumulative volume of house (%) Noise Field Strength 

(dBµV/m) Limit of 47 dBµV/m @ 3m Limit of 50 dBµV/m @ 3m 

60 < 1 < 1 

58 < 1 1 

56 1 4 

54 2 7 

52 5 12 

50 9 21 

48 15 31 

46 26 42 

44 37 57 

42 49 71 

40 64 86 

38 79 91 

36 88 97 

Table 14 - Noise field strengths inside the house at a frequency between 1 and 3 GHz due to a laptop PC 

meeting either proposed limit; it is assumed that the PC will just meet the limit at its fundamental CPU 

frequency. 

1.5.4.4.1 Likelihood 
Emissions occur from one device - the laptop PC.  This is likely to contain a ‘mobile’ CPU 

running at a frequency which lies within an above-1 GHz mobile communications band.  It is 

only switched on some of the time and will have an effective duty cycle of between 30 and 

70%. 

The cost of reducing emissions is a complex issue - case apertures, which are required for 

removable media (such as CDs) and ventilation, become the dominant sources of radiation.  

Because the laptop is not intended to be as expandable as a generic PC, there should be fewer 

problems engineering a case to minimise emissions (for instance, a laptop generally will not 

be user-serviceable).  A well-engineered case may cost five to ten pounds more than a poorer 

case. 
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1.5.5 Summary of results 

Table 15 summarises the results of the modelling of the impact of standards modification to 

accommodate Dithered Clock Oscillators, showing the maximum calculated change in the 

electromagnetic environment imposed by a particular proposal to change the limit in an EMC 

standard.  This maximum generally (but not exclusively) occurs at the minimum received 

signal strength required for reception. 

Environment  

Office Above-average home Below-average home 

Service FM DAB FM DAB DVB-

T 

FM DAB DVB-

T 

Volume of building excluded 

with current limits (%) 

97 25 55 100 94 23 42 77 

Volume of building excluded 

with proposed new limits (%) 

20 < 1 10 35 76 6 10 60 

Change in volume of building 

affected (%) 

77 25 45 65 18 17 32 17 

Duty Cycle of noise source 

(%) 

100 100 30-

100 

30-

100 

30-100 30-

100 

30-

100 

30-100 

Percentage of Frequency Band 

affected 

5-16 12 5-14 12-32 10-49 5-14 12-32 10-49 

Table 15 - Calculated change of affected parameters imposed by the proposed new limits covering 

Dithered Clock Oscillators.  The figures shown are the maximum change for a particular received signal 

strength (usually, but not always the minimum received signal strength). 
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