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Background 
ECC 21 is the group within CEPT/ECC that is responsible for unwanted emissions and receiver’s characterization in general as well as for maintaining ECC deliverables in these areas. One of the main deliverables maintained by ECC SE21 is ERC Recommendation 74-01 on unwanted emissions [1], which was recently updated with new limits for mobile systems with AAS. 
This paper presents the status of work performed within ECC SE21 on a recommendation for Receiver parameters. The status of work was previously reported to RAN4 in October 2019 [2].
Previous work on receiver parameters in ECC SE21 [2]
Earlier experience from ECC studies and observations by administrations showed examples where receiver performance is limiting for co-existence. ECC SE21 was for this reason tasked to study receiver performance in 2014 and ECC report 310 on receiver parameters was finalized and published in January 2020 [3].
ETSI TFES harmonized standards for 3G and 4G have always included receiver requirements, taken from the transposed 3GPP specifications. ECC report 310 [3] notes that going forward, CEPT/ECC should consider the feasibility of improving receiver performance where it is found to be a limiting factor in the sharing and compatibility studies. Note that such improvements could potentially impact ETSI Harmonised Standards and thus also 3GPP work on those requirements.
ECC report 310 [3] identifies which receiver parameters that are critical for most sharing and compatibility studies, where in particular selectivity and blocking are identified. Similar to previous discussions around transmitter characteristics, it is noted that more accurate sharing and compatibility studies could be achieved through looking at typical receiver performance based on suitable technical documentation, new information or measurements. A set of receiver measurements of sample equipment is included in the report, including receivers for RLAN, DECT, Tetrapol, TETRA, GSM-Rail, DTT, DCF77 and GPS.
ECC report 310 [3] concludes that ECC should consider the development of a Recommendation addressing receiver resilience to adjacent frequency use (e.g. blocking and selectivity) and that such a Recommendation should focus on areas that are relevant for sharing and compatibility between different systems.
Work on an ECC recommendation on receiver parameters
Based on the outcome documented in ECC Report 310 [3], ECC WG SE agreed in January that work should start in SE21 on drafting a recommendation for “Receiver resilience to transmission on adjacent frequency ranges” [4]. The preliminary scope is that the deliverable is to:
1. Be used by CEPT / ECC in its sharing and compatibility work. and/or to be used by ETSI when developing Harmonised  Standards
2. Provide limits and/or levels for receiver resilience from transmissions on adjacent frequencies based on various sources of information (ETSI Measurement, data sheet)
3. Provide limits and/or levels for a wide range/categories of receivers. Considering spectrum usage 
(e.g. ERC/REP 25).

The target date for the work is December 2022. Next step is to refine the scope of the recommendation in December 2020 and then to develop a method to derive the limits/levels for the recommendation. 
Progress of the work in SE21 is documented in a “Draft complementary document” [5] to the recommendation. Regarding what the content of the recommendation should be, there is agreement on “generic” limits that are “as technology neutral as possible”. Some proponents consider different levels of resilience with the following three options:
· Set levels / limits based on the worst-case receiver initially then make improvements over time.
· Set levels / limits based on a percentile / average case receiver.
· Set levels / limits based on the most resilient receiver (best case).

Regarding choice of parameters, Receiver blocking and Adjacent Channel Selectivity / Frequency Offset Selectivity (out of band) are being considered. In-band characteristics should not be considered, since they are more technology specific.
Seven options for how to derive limits are presently listed in [5]:
1. Develop a model that could be used to derive receiver levels / limits based on investigating the relationship(s) between Receiver performance and co-existence requirements. 
2. Using recent sharing and compatibility studies
3. [bookmark: _Hlk47699204]Investigate balancing transmitter and receiver performance this could be a ‘inverted transmitter mask’ for the receiver.
4. Receiver measurements
5. Investigate what is achievable through RF design. 
6. Extracting limits from ETSI standards
7. Determining the strength of the transmitters
Two draft methods have so far been proposed for discussion and are included in the working document [5] as Annexes:
· Annex 1 (proposed by Ericsson): 
Method based on balancing transmitter and receiver performance, and the strength of transmitters (Points 3 and 7 above)
· Annex 2 (proposed by Ofcom): 
Method based on a receiver model and RF design (Point 5 above)
The two methods are copied into this contribution as Annex 1 and 2 to for information.
A very first Draft Skeleton of the recommendation [6] was also created by SE21 at the most recent meeting.
Summary
CEPT/ECC has initiated work on an ECC recommendation for receiver parameters. The work is progressing with the scope presently being settled and methodology to derive limits under development. The resulting recommendation has potential to impact how receiver requirements are defined in 3GPP and may also influence ITU-R regulation in the future for all regions.
Interested parties are encouraged to follow the work closely and contribute where needed.
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<EXCERPT FROM SE21(20)033 ANNEX 4 [5], ANNEX 1>
ANNEX 1 – DRAFT METHOD A FOR DERIVING LIMITS / LEVELS
[Note: This is a draft proposed method on deriving the limits / levels for the recomendation, this is a starting point and needs further discussion at future meetings. It is based on contribution SE21(20)025]
1. DERIVING LIMITS OR LEVELS (THE HOW?)
In the output from SE21#109 [4], seven possible models for how to derive blocker levels were presented. The discussion in this section will focus on two of the options given: To investigate balancing transmitter and receiver performance (point 3) and determining the strength of transmitters (point 7). First a methodology is developed and in the next subsection an example calculation is given.
0.1 BALANCE BETWEEN RX AND TX LIMITS
One of the original ideas for the new receiver recommendation was to develop a recommendation giving limits for receivers modelled on ERC Recommendation 74-01 [5] for transmitters. Since that recommendation covers spurious emissions, i.e. larger frequency offsets, it would in terms of frequency offsets match quite well if the receiver recommendation covers out-of-band blocking at similar offsets. The frequency offset could be defined in a similar way as in [5], by setting it in relation to the received signal frequency and receiver bandwidth, or as an alternative relative to the receiver operating band.
It would also be possible to derive receiver blocking limits that are “balanced” with the corresponding transmitter limits in ERC Rec 74-01 [5]. The assumption would then be that the impact on receiver performance for a specific interferer at a defined frequency offset would be the same in terms of desensitisation from the blocking as desensitisation from spurious emissions. This can be analysed using the principles for characterising receivers in ECC Report 310 [6], section 4. The analysis is outlined below.
The first parameter to define is the receiver noise floor N (equation (1) in [2]), defined in dB:

		(1)

Where k is the Boltzmann constant, T is temperature (290 K), B is the receiver bandwidth and NF is the noise figure of the receiver.
ECC Report 310 [6] defines also parameters for the selectivity in relation to the Interference Leakage Ratio (ILR) of the aggressor transmitter (Equations (3) to (6) and (9) in [6]). ILR is defined in a way similar to ACLR as
		(2)
Where I is the interfering signal (in its own bandwidth) and IOOB is the interference power falling into the victim receiver bandwidth B. In this case, we assume that the source is spurious emissions at level of Sunwanted (power per MHz). Assuming a path loss PL between the aggressor transmitter and the victim receiver, the received level will be
		(3)
For the adjacent channel, limits for ACS are usually not defined directly as a power ratio, but rather from assessing receiver performance at a certain desensitisation of the receiver. This is shown in [6] to be derived from the adjacent channel power Iadj, the noise floor N and an assumed desensitization M (in dB) as follows:
		(4)
At the frequency offset of an out-of-band blocker, the same relation can be set up for Frequency Offset Selectivity (FOS). When applied for FOS instead of ACS, with an interference power Ioffs and converted from dB to absolute powers and ratios, equation (4) will instead be:
		(5)
We now have definitions for both the aggressor transmitter performance in terms of ILR and for the victim receiver in terms of FOS. For the receiver and transmitter limits to be “balanced”, the following must hold:
The frequency offset for ILR and FOS are the same.
The aggressor interferer assumed for ILR and the blocker signal for FOS are the same, i.e. I = Ioffs.
Transmitter and receiver performance are balanced, i.e. ILR = FOS.
With the assumptions above, equations (1), (2), (3) and (5) can be combined as follows, together with the assumptions that ILR = FOS and I = Ioffs:
		(6)
		(7)
The noise factor F is used in the equation, where the corresponding noise figure NF=10log10(F). Note that the receiver bandwidth B cancels out. Converting numbers to dB, the path loss PL is expressed as follows:
		(8)
Note that since the receiver bandwidth B is not in the equation anymore, unwanted emissions must be expressed per Hz. 
The path loss PL corresponds to the separation between the aggressor transmitter and the receiver where the desensitisation is the same as for the transmitter and receiver requirements. The corresponding interferer (blocking) level is:
		(9)
Equations (8) and (9) show how the blocking requirement can be derived from the output power level of the aggressor (PTx,Agressor), the relevant spurious emission level (Sunwanted), the noise figure of the receiver (NF) and the assumed desensitisation (M).
0.2 EXAMPLE BLOCKING LEVEL CALCULATION
Using the analysis above in section 3.1, an example blocking level calculation can be made. In this example, typical parameters from IMT Base Stations and User Equipment are used, to analyse what the respective “balanced” blocker level is. The four combinations of the BS and UE as aggressors and victims are given in Table 1 below.
The parameters assumed are:
IMT Base Station (BS):
Output power PTx = 46 dBm
Spurious emission level Sunwanted = -30 dBm/MHz
Receiver noise figure NF = 5 dB
IMT User Equipment (UE):
Output power PTx = 21 dBm
Spurious emission level Sunwanted = -30 dBm/MHz
Receiver noise figure NF = 9 dB
A desensitization  is used as an example assumption in the calculations.

Table 1: Balanced out-of-band blocker levels for BS and UE as aggressor/victim example
	· Agressor Type
	· PTx,Agressor
(dBm)
	· Spurious emission level
(dBm/MHz)
	· Victim
Type
	· NF
	· PL
	· “Balanced” Blocker level
Ioffs
(dBm)

	· UE
	· 21
	· -30
	· UE
	· 9
	· 70,3
	· -49,3

	· BS
	· 46
	· -30
	· UE
	· 9
	· 70,3
	· -24,3

	· UE
	· 21
	· -30
	· BS
	· 5
	· 74,3
	· -53,3

	· BS
	· 46
	· -30
	· BS
	· 5
	· 74,3
	· -28,3


The blocker level that would be dimensioning for receiver performance is clearly the one defined for the BS as aggressor, which is natural considering the much higher aggressor power level. 
It is also worth noting that in 3GPP/ETSI specifications, the out-of-band blocking levels for both BS and UE are in general set to -15 dBm, which is higher than the numbers derived above in this example calculation.
1 SUMMARY AND WAY FORWARD
Based on the output from previous meetings, it could be concluded that whatever the purpose stated for levels or limits given in a recommendation, they will be seen as a recommended minimum requirement to be met by all receivers. They would be applied in both harmonised standards and in sharing and compatibility studies. Therefore, the given “recommended” limits should be derived with care taking into consideration the previous statement. Such levels could be given for out-of-band blocking; however, it would be more difficult to provide values for adjacent or in-band limits which are more technology specific. 
[bookmark: _GoBack]Based on the assumption of balancing transmitter and receiver performance, together with assumed strength of transmitters (aggressors), a method is developed in this document to calculate a “balanced” blocker level for a receiver requirement. A system with a defined blocking level which is lower (more relaxed) than what is derived with the method proposed here would be limited by receiver performance in relation to the spurious emission levels. It should be further investigated whether the above method can be considered as a useful approach for defining a “minimum” out-of-band blocking level for a recommendation.
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<EXCERPT FROM SE21(20)033 ANNEX 4 [5], ANNEX 2>
ANNEX 2:  DRAFT METHOD B FOR DERIVING LIMITS / LEVELS
[Note: This is a draft proposed method on deriving the limits / levels for the recomendation, this is a starting point and needs further discussion at future meetings. It is based on contribution SE21(20)028]
This methodology / model is a first draft for discussion that is intended to form the basis for a new receivers recommendation and can be further developed at subsequent SE21 meetings. The final product could be part of the recommendation or in a complementary ECC deliverable. It is proposed that to annex this to the minutes to carry it over to the 111th SE21 meeting for further discussion.
1. INTRODUCTION
The receiver to be modelled will be based on ECC Report 310, Figure 4 


Figure 1 copied from ECC Report 310 section 4.2 fig 4
The two diagrams in figure 1 show the simplest basic receiver formats. The more sophisticated options still rely on the basic single characteristics which can be derived for these starting items.
The upper diagram part shows an initial analogue processing stage mixing down to a zero IF which allows a basic channel filter to be applied a s a low pass unit at the input to the A/D. The issue of signals being folded back over themselves may be an issue and in that case the low IF variant can be used to prevent that. A low IF again has frequency folding of potential inputs (e.g. noise) but allows the whole of a wanted signal to be included in the offset from DC to the cut off of the block labelled as anti-alias which also still functions as the signal channel filter.
The following example of how to derive a receiver model will be based on this Digital Direct Conversion approach in the lower diagram of figure 1 as the guide to what number if bits are required on the Analogue to Digital Conversion (ADC) to provide the characteristics as set by basic operational input parameters.
For more detailed information on general receiver architectures and more involved signal processing possibilities please refer to ECC Report 310 in particular section 4. The additional processing options for the sake of modelling simplicity can often be considered as design methods to overcome specific issues. The assumption in the following baseline model is that a designer will have utilised these options already. The remaining key parts of the signal chain will then be same and are outlined in the following model.
This step by step approach can also be utilised with the addition of additional blocks to provide a more general model. The basic model here is capable of giving a clear indication of the key parameters and how they will interact plus the effects of the individual stage’s filters and/or their omission on the overall performance.
The Analogue to Digital Converter often known as an ADC and as shown in figure 1 as A/D is a functional subsection in its own right in all digital receivers. Some receivers may have several of these items included. They function as input binary level voltage level samplers. Power is given by V2/R. This gives a nominal 6 dB/bit for all scaling that follows i.e. 20Xlog10(2) when referring power levels into ADC bits.
2     STEPS TO GENERATE A BASIC RECEIVER MODEL
The basic model assumes that noise is much lower (i.e. 10 dB or more) than all the wanted and interferer signal contributions. This is in general the case but in some applications it may be necessary to convert the individual contributions back to the linear domain then sum in the linear domain before continuing with a dB format.
Allowances can also be made for ambient and/or galactic noise levels to be added to the noise model if required. This will mainly be applicable at lower VHF frequencies and down. For higher VHF frequencies and upwards the ambient noise is usually taken as zero extra contribution except for specialised applications such as antenna systems looking upwards at galactic noise sources.
For the more general case the separate system noise together with ambient noise must be summed in the linear signal format and then converted back to dBm for the total contribution at the input.
For the general sharing study case the contributions from unwanted signals emissions which fall across the wanted signal must also be determined from the unwanted signal adjacent channel leakage ratio (ACLR) characteristics versus frequency offset.
All the individual inputs to the receiver within the wanted signal passband must then be converted to the linear domain. The linear domain is then used to sum the signal contributions as the required value to be taken forwards.

Parameters in use are given a tag as they are introduced as P1 to Pxxx.
Binary data bits as derived are given tag labels of B1 to Bxxx
Where tables of parameters against frequency are more suitable they could be introduced as PTxxx 
2.1    RECEIVER NOISE FLOOR

		 

Where: 
N = Receiver noise floor; 
k = Boltzmann constant in Joules per Kelvin (1.381×10-23); 
T = Temperature in degrees Kelvin (for common terrestrial radio receivers, 290 K can be used);
B = Receiver bandwidth in Hertz;  10log10 (kTB)  = thermal noise in dBW; 
NF = Noise Figure in dB.

Where a fuller analysis is needed with additional ambient/galactic noise contributions for example as found in ITU-R P.372 then the combination all noise sources must be added together in the linear power domain. The noise sum can then be returned to the dB format and the NF plus scaling factor of 30 for dBwatts to dBm added in place of the simple kTB only.

2.2    WANTED SIGNAL PARAMETERS FOR THE MODEL

Boltzmann’s constant						k      = 1.38X10-23 			P1
Wanted signal Bandwidth					B      = xx MHz   			P2
Operating temperature   					T     = 290 Degrees K			P3
There are a few special cases where other temperature values must be used with radio astronomy receivers as a prime example with cooled detectors.

Wanted signal required Signal to noise plus interference level 		SNR = xx dB			P4
Wanted signal Peak to RMS power ratio 				PAR = xx dB			P5

From section 2.1 the Noise floor  					N    = xx dBm			P6


Minimum Sensitivity dBm  with no contingency     			S = N + SNR dBm			P7

Minimum Sensitivity + PAR = peak lowest for signal range into ADC	P8 = S + PAR dBm 		P8

Once again if working with signals which are approaching or could approach within about 10dB of the noise floor then a fuller analysis should be undertaken in the linear signal summation domain before returning to dB formats.

2.3   INITIAL ESTIMATES OF REQUIRED ADC BITS ---- PRIOR TO FINAL CONSIDERATIONS

· Initially all the values are in dBm
· The consideration of dynamic range required can only be done once the maximum levels to be handled and the minimum i.e. wanted signal bandwidth including the system noise floor levels have both been established.
· There is then a choice to be made in the modelling of how the overall gain baseline is to be handled with two main options.
· NB the absolute lowest number of bits may be set by the simple dynamic range of the wanted signal alone but that may result in no resilience for sharing even with other signals of the same service
· The first option is to set the baseline system noise as utilising one or two bits, which in effect sets a constant gain in the stages prior to the ADC.
· The second option which is not done for this example is to incorporate an Automatic Gain Control (AGC) model. This would vary the gain and consequently the noise figure, and the sensitivity dynamically at the same time. This also brings into consideration the temporal aspects of the receiver as a total system with many aspects of servo system response and stability issues not suitable as an example introduction to generating a model.

2.3.1    Unscaled Noise baseline
Divide Noise dBm baseline by 6 = Noise in binary bits			 	P9  =  P6/6 		P9

2.3.2    Unscaled lowest signal working peaks wanted signal only
Number of ADC bits required is a minimum of P8 divided by 6 ---- with no contingency		
										P10 = P8/6		P10
2.3.3    Required blocking signal levels versus frequency offset
The next two parameters are best obtained from the required protection ratios.
They can be based on several options to assess the different performance levels that can be considered for the main recommendation
· First could be existing regulatory compliance level which may potentially be the least stringent
· Second could be typical values obtained by bench measurements from existing products
· Third could be what may be possible with current technology taking into account the actual known RF environment of signals both within the wanted band and in bands adjacent to the wanted signals for generic sharing and compatibility studies
· Fourth could be engineering best estimates of levels likely in practice where sharing with a new previously unknown signal type is required for theoretical studies
These numbers will vary with interfering unwanted signal type and also frequency offset
These figures could be provided as tables of frequency offset and breakpoint corners in dB.		PTx

[Editorial note: TBD tables formats to be defined basically lists frequency and dBs – this needs further discussion]

2.3.3.1    Required blocking signal level
Get required blocking signal level for a given frequency offset = P11 dBm					P11

2.3.3.2    Peak to average blocking signal characteristic
Get the peak to average power ratio for the blocking signal = P12 dB						P12

The required true minimum peak working signal is actually            P13 = P8 + P10 +P11  dBm		P13

Lowest dynamic range to function before allowances for filtering and signal processing imperfections 
Minimum dynamic range before later considerations		P14 = P13 - P6 dBm			P14


2.4    INITIAL NUMBER OF BITS FOR ADC 
These are the starting values before any allowances are made for system imperfections and additional mitigation for example filtering that may be applied to tailor incoming signals.
This is with zero contingency for additional incoming signals apart from the wanted plus one other as the interferer.

2.4.1    Rescaling noise floor to become ADC converter bit 1
It is possible to work directly with the actual input signal levels but for a simple visualisation a rescaling is possible easier to assess. 
First there is a reasonable assumption that the design will scale the gain so that the noise floor N will take up 1 bit on the ADC and not less to maximise the scale length available on the conversion.

Rescale the signals to be referenced with noise floor at 1 bit i.e. in range 0 to +6 dBm.
In practice one can expect this to be built into the receiver design as a fundamental need to mask thermal noise to that of the initial input amplifier stage at low signal sensitivity levels.
To avoid truncation of real input signals the noise floor should be in the ADC working range
The minimum working choice is +3dBm which is in effect half a bit of noise as the rms signal baseline but a level of a full bit is chosen here for safety.
Then for estimation purposes later ADC bit 1 becomes noise with all expected wanted signals above this level.
 
Note: The rescale could be for as high as 1 full bit if required as a starting estimate i.e. to +6dBm
This will be the next parameter and for this model 1 whole bit is assumed i.e. 		+6dB =	P15 	

Additional gain beyond that point leads to a proportional increase in the required ADC dynamic range. The extra bits merely represent potential noise except in the case of specialised signalling techniques with signals always below the system noise floor to be detected by correlation methods.

Correction gain rescale factor	P16 = P15 - N									P16
 
2.4.2     Initial selection of ADC bit range before filtering and allowances for imperfections
Decimal values can left in the initial bits required but a rounded up integer is a must for the dynamic range at the decision point to be able to look up what additional parameters this selection implies.

NB this is to get the ADC basic number of bits required. In general if the wanted signals are dominant above both noise and all ACLR based interference within the wanted signals own bandwidth it can still be a good estimate. If this is not the case a more detailed analysis may be required in a finalised sharing studies model after the initial choice of the ADC working range required.

Minimum noise signal levels expected in bits 			B1 = ( P9 + P16 )/6	bits 		B1
required in the ADC stage and possibly all the DSP stages downstream as a design trade off.
Lowest peak of working signal in bits				B2 = ( P10 + P16 )/6	bits		B2
Lowest minimum peak inputs with blocking before filtering	B3 = ( P13 + P16 )/6	bits		B3
Lowest dynamic range starting estimate 				B4 = ( P14 + P16 )/6	bits		B4

2.5    ALLOWANCES FOR PROBABLE SYSTEM IMPERFECTIONS
2.5.1    ADC converters quantisation error
All ADC converters have a decision threshold for each bit i.e. is it above/below the half way point between bits and they all have some degree of non-linearity.
With modern best practice in integrated circuit design and manufacture together with a dithering algorithm these are controllable to 1 bit effective error. This error will appear as a random noise signal added into the noise floor								Additional bits required	   1  = 	B5

2.5.2    DSP mathematics accumulated rounding errors
The Digital Signal Processing DSP stages following the ADC will always have some rounding errors and in practice with care this is typically an additional loss of a data bit which again appears as additional system noise									Additional bits required	   1  = 	B6

2.6    FINAL ADC REQUIRED RANGE WITH ALLOWANCES FOR PROCESS IMPERFECTIONS
Note: this result will need to be rounded up to the nearest integer value if decimal values are used as inputs from the earlier section.

The total number of bits for the ADC is therefore an initial estimate of B7 = B3 + B5 + B6			B7

This figure is the minimum with no mitigation applied to any of the unwanted incoming signals.
It also assumes only one unwanted signal is totally dominant to an error less than 1 bit 

2.7    RECEIVER PARAMETERS NOW AVAILABLE FROM THE ADC RANGE CHOICE
The minimum ADC range before these extra processes sets the signal capture dynamic range for all the incoming signals entering the final DSP stages. If any signal exceeds that level the signal integrity is lost and maths errors will be inevitable plus resulting failure to correctly decode the wanted signal.

2.7.1    Overload level   
The initial choice of ADC range therefore also sets the receiver overload maximum peak signal input.
The overload level in dBm input is found by reversing the offset correct rescaling process from the maximum bit range in dBm

Overload signal level = B7 times 6  minus the rescale correction factor
Overload signal level  		P17 = B7X6 - P16							P17


2.7.2    Mathematical DSP processing gives receiver ACS capability
With the number of bits for the initial choice before any mitigation filtering etc the system now has a predictable Adjacent Channel Selectivity maximum which comes directly from the DSP linear dynamic range before overload.

This comes immediately as an absolute maximum of the bit range times 6 in dBm as the best case.

It may as a choice be expedient to put the same allowance for maths and quantisation errors onto this for a worst case estimate depending on how the model is being utilised and the degree of safety required which has to be an engineering judgement.

ACS best case  =  B7X6	for a perfect receiver								P18
ACS worst case = ( B7 - B5 – B6 )X6 for a receiver with limitations in linearity and later DSP 		P19

Mitigation assistance from any designed in filtering must be considered separately in any final sharing studies model. This is also the area where investigation is required in any sharing study.

3    MITIGATIONS FROM ANTENNAS AND FROM ADDITIONAL FILTERS

Mitigations are potentially achieved by the characteristics of the antenna and any inbuilt antenna matching system together with any additional input signal overall roofing band filtering and when an additional second and/or low IF stage is added an actual wanted signal only bandwidth filter.

The filtering has a common item in the input stage roofing filter.

With reference to the upper part of figure 1 what is shown as an anti-aliasing filter is also in the case of a low IF down conversion in analogue the possible channel filter where for the low IF configuration the cut off point of this filter will at its lowest possible frequency be at the bandwidth of the wanted signal.

The filter characteristic can be defined most easily in many cases as a tabulated list of frequencies or frequency offsets from a given centre value and a dB down at each point. Linear interpolation in dB can then be applied between these points.

NB it is possible that the overall item may have a loss even within the wanted signal range of several dB but the potential gains in overall system performance from blocking and overloading with unwanted signals can be very significant.

Where another unwanted signal sits across the cut off slopes of filter characteristic the energy in dBm which still gets through can be calculated as an integral in small bandwidth increments as appropriate. One example sample bandwidth for integration for wideband signals often used in ITU work for historic reasons is 4 kHz which came from early analogue group band modulated communications channels. 

The increment bandwidth can be anything suitable. However, a value should perhaps be chosen which gives sufficient numbers of samples to derive a passed power to a suggested level of around 1dB or better accuracy. The value chosen should be documented in any report so that results can be verified by all.



[Editorial note: TBD
Get parameters for filters
 ------- Tables of frequency offset and dB reduction per unit bandwidth			** tables
--------Show how to bring filtering parameters read table values into the equations   ]


3.1    ANTENNA
The antenna system will overall have a built in antenna matching tuner as well.

All antennas without special built in capabilities should have a working signal range which is capable of passing the wanted signals. In general there is no requirement to pass unwanted signals beyond the wanted frequency range. 

NB it is quite possible to have antennas with an overall peak gain which is negative. If this is the case try using the approximation below but the dB down per frequency offset will need the central max gain figure as negative. A lossy antenna is one way to make it broadband.

If real information can be obtained on the characteristics of the antenna plus its matching these can be used as part of the assessment of the input signal preconditioning.

Where no information is available on antenna characteristics versus frequency one possible option is a simple assumption that it is a perfect broadband capability. This is a worst case condition.

[Editorial note: TBD this requires further work
Another option is perhaps more difficult but could give at least some estimate of what the behaviour may be using a very simplified optional addition to the input signal processing based on it being a simple tuned circuit with a “Q” value derived from the necessary minimum working bandwidth.

At higher frequencies it may be possible to give an estimate of signal input filtering by the antenna with a wideband input system by making the following assumptions.

Set the antenna peak of performance as the centre frequency of the wanted signals band
Set the peak central gain as the zero reference level for the dB down start
Set the edges of the wanted frequency range as the 3dB down performance points.
Then model the antenna system characteristic as a classic tuned circuit with a “Q” given by;

		Q  = (upper edge MHz  - Lower edge MHz ) / Centre MHz				P20

The Classic equation for a tuned circuit then gives a selectivity characteristic of dB down from the peak central value. On the low frequency side the approximation should hold to a much lower frequency. On the higher frequency side additional resonance effects may come into effect if the extrapolation is taken further than 50% above the working centre frequency.]


3.2    INPUT WANTED BAND ROOFING PRE-FILTER

This is another optional input signal processing functional block which can be added to the basic model. 

The input roofing filtering may be a part of the antenna matching system but can be analysed as a separate functional block. The purpose of the input channel filter is to pass as much of the wanted signal as possible but reduce the level of any unwanted signal.

The filter characteristic can be defined most easily as a tabulated list of frequencies or frequency offsets from a given centre value and a dB down value at each point. Linear interpolation in dB can then be applied between these points.

Note: It is possible that the overall filter may have a loss of several dB even within the wanted signal range of several dB but the potential gains in overall system performance from blocking and overloading with unwanted out of band signals can be very significant.

3.3    ANTI-ALIASING FILTERS

The assumption for this basic model is that adequate anti-aliasing filtering has been applied to the receiver if no further processing is taken into account.

Additional processing blocks and additional modelling stages can be added to if required to bring this out where necessary as a separate detailed step. This is however not required for a basic model but it can be assumed that the receiver has been correctly designed.


3.4    SYSTEM FILTERS  

For the low IF configuration with a possible implementation see the upper part of Figure 1 and note that the local oscillator frequency would be offset by at least the wanted signal bandwidth (perhaps somewhat more in practice).

If a low IF stage is added then additional system filters can be added which are applied in the simplest form as a low pass filter in a stage prior to the analysis for the final direct conversion receiver. Where the offset low IF is greater than the wanted signal bandwidth this filter can be a passband filter with both a low frequency cut off and a high frequency cut off.

This will provide additional design complexity mitigation for signals outside one wanted signal’s bandwidth and can then be modelled as for example an N poles/zeros filter.

The filter characteristic can also be defined most easily as a tabulated list of frequencies or frequency offsets from a given centre value and a dB down at each point. Linear interpolation in dB can then be applied between these points with conversion from dB to linear for any signal integration.


[Editorial note: TBD
Get parameters for filters
 ------- Tables of frequency offset and dB reduction per unit bandwidth			** tables
--------Show how to bring filtering parameters read table values into the equations   ]

4    MODEL FOR GENERAL SHARING STUDIES
[Editorial note: TBD this section is an area for possible future work]
[Once the basic choice has been made of required dynamic range for the ADC and the input basic signal parameter set has been established the initial estimation model can be turned into a more general sharing studies model with some basic enhancements which has been highlighted already in caveat text in the stage blocks above.

· The extra processing for the general case will have the following non-exhaustive additions.
· Linear signal power summation in many blocks when adding together contributions before any results can be returned to a dB format
· Allowance for all noise contributions both thermal, equipment NF and ambient/galactic
· Allowance
· Allowance for the unwanted emission characteristics of all transmissions through their ACLR versus frequency characteristics when doing wanted signal to all other contributions summation within the wanted signal bandwidth.
· Allowance for a more detailed overall receiver ACS selectivity versus frequency characteristics to be created which will probably vary dynamically with an automatic gain control system
· ACS will also include all the contributions from the input roofing filters, system stage filters and the DSP process itself not just the simple methodology to get an ADC working range
· An AGC model can also be applied which will then lead to dynamic variations in gain and depending on where the gain setting is derived this can lead to dynamic variations in gain from the interferers as well
· Adding AGC will then lead to dynamic variations in Nosie Figure, System gain scaling, sensitivity, overload thresholds ACS and also basic signal to noise ratio if the signals were close to the original noise floor.
  
5    PRACTICAL ISSUES WITH INTEGRATED CIRCUIT IMPLEMENTATIONS
[Editorial Note: TBD this section is an area for more work with these items as initial information]
[Todays ICs for mixed analogue/digital processing have for power considerations to be run at relatively low internal operating voltages. The actual internal voltage may be as low as 1 volt. With this it sets a basic maximum signal handling capability of a sinewave of 1 Volt peak to peak before linearity becomes an interesting design issue.
This sets a reality figure of about 1/(2*50) watts as maximum ADC power level in a 50 ohm system i.e. +10 dBm. In reality if the input impedance is higher it will become lower.
So once signals start to reach the 0 dBm point after gain scaling etc in the above model expect non-linearity is a distinct possibility even with the best designs. Practical high volume production items may be lower.
Thermal noise contributes also place limits on the number of ADC bits it is reasonable to expect relative to the above maximum signal estimation of around 0 dBm peak capability. If we use the direct 6 dB per bit estimate then a 16 bit ADC has a lowest bit representing -96dBm i.e. nearly -100 dBm. Every bit beyond that will get ever closer to the actual thermal noise. 
For example with a 50 ohm system and a 10 MHz bandwidth wide band receiver we have a basic thermal noise level of  about -104 dBm at 290 K and with a receiver noise figure of 4 dB we have an input which could be equal to a 16 bit ADC systems capabilities if it were connected directly to the antenna.
Just trying to increase dynamic range with more ADC bits beyond that may serve no purpose and there may be an inherent reality of what is achievable and all additional performance improvements and mitigations may have to come from more sophisticated design around stages with filters. ]
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