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Receiver Performance Evaluation Criteria

1. Receiver Sensitivity (RSS)

It is defined as the minimum power, measured at the antenna port, at which the frame/bit error rate is lower than a required limit. The equation is given as follows.

RSS (dBm)  = 

Reference Thermal Noise density level + Noise Figure + Effective Channel Bandwidth + Required Signal-to-Noise Ratio + Receiver Implementation Margin + Interference allowance

where

· Reference Thermal Noise density level  = Boltzman constant + 10*log(Reference noise temperature) 


with

· Boltzman constant = -138.6 dB(mW/(K*MHz))

· Reference noise temperature = 290 K  (degree Kelvin)

· Noise Figure = Receiver noise figure in dB (See Annex A for further details.)
· 3 dB and 6 dB for the base station and the CPE, respectively [1] to allow for maximizing the coverage distance in noise-limited situations such as covering large rural areas. 

· Other possible choices are, for example, 4~5 dB for BS and 8~10 dB for CPE as in 802.11/.16/.20. Note that in these cases, most of the applications are interference-limited and there is not as much an effort in trying to reach large distances as in the case of 802.22.

· In 802.16m, the noise figure = 8 dB

· In 802.20, noise figure is 5 dB for base station and 10 dB for mobile. 

· Effective Channel Bandwidth = 10 log10(Signal Bandwidth (MHz) ) (Signal Bandwidth values are 5.625, 6.566, and 7.504 for 6, 7, and 8 MHz TV channels respectively, as shown in Table 248 of Draft v1.1).

Table 248 — OFDM parameters for the 3 bandwidths of 2K FFT mandatory mode

	TV channel bandwidth (MHz)
	6
	7
	8

	Total no. of sub-carriers,  NFFT
	2048

	No. of guard sub-carriers, NG (L, DC, R)
	368 (184, 1, 183)

	No. of used sub-carriers, NT = ND+ NP
	1680

	No. of data sub-carriers, ND
	1440

	No. of pilot sub-carriers, NP
	240

	Signal bandwidth (MHz)
	5.625
	6.566
	7.504


· Required Signal-to-Noise Ratio is the reference Signal-to-Noise Ratio at the BER of 2 x10-4 developed in IEEE 802.22 [2]. The detailed values for various modulations are shown in Table 277 of Draft v1.1).  These value includes 1.1 dB, 1.3 dB, and 1.5 dB decoder implementation margin for QPSK, 16-QAM, and 64-QAM modulation respectively.The reference SNR at the edge of coverage is 4.3 dB for QPSK, rate: 1/2.  

Table 277 — Normalized C/N per modulation

	Modulation - FEC rate
	Normalized C/N

AWGN
	Normalized C/N Channel model B

	Fast_feedback IE
	tbd
	tbd

	CDMA code
	1.2
	5

	QPSK - ½
	4.3
	8.1

	QPSK - 2/3
	6.1
	11.6

	QPSK - ¾
	7.1
	14.0

	QPSK - 5/6
	8.1
	17.8

	16-QAM - ½
	10.2
	14.8

	16-QAM - 2/3
	12.4
	20.3

	16-QAM - ¾
	13.5
	24.6

	16-QAM - 5/6
	14.8
	28.6

	64-QAM - ½
	15.6
	20.5

	64-QAM - 2/3
	18.3
	26.2

	64-QAM - ¾
	19.7
	31.8

	64-QAM - 5/6
	20.9
	40.4


· Receiver implementation margin

· This margin should be representative of the coupling loss, pre-amplification filter loss, downlead loss and connector loss present at the WRAN receiver.  A 1.9 dB receiver implementation margin is assumed at the base station and 2.1 dB margin is assumed at the CPE.  The details of the computation are given in [1]. 

· As a reference, the implementation loss = 4 dB in 802.16m and 5 dB in 802.16e. 

· Interference allowance

· An allowance of 1 dB is assumed at the base station and CPEs to cover for the impact of local interference at the WRAN receivers (i.e., 1 dB receiver desensitization due to local interference).  This corresponds to a level of interference 11.2 dB below the level of the received WRAN signal [1].

2. Receiver Selectivity

It is a measure of the ability of the receiver to reject signals from adjacent channels, while receiving a wanted signal on its tuned frequency. It is defined as the ratio of the adjacent channel signal level to the assigned channel signal level subject to a target BER.

The receiver selectivity value is to be decided after the out-of-band emission requirement for the WRAN transmitter has been consolidated.  The receiver selectivity value could then be determined on the basis a balanced contribution between the interfering power from a WRAN signal in an adjacent channel that would leak into the selected channel due to the limited channel filter performance at the WRAN receiver and the adjacent channel interference coming from the out-of-band emission ofthis WRAN transmission in the adjacent channel that falls in the selected channel. As an example, assuming a 55 dBr rejection in the first adjacent channel as proposed in the R&O 08-260, this would correspond to:

D/Uadj= 55 – 20.9 = 34.1 dB
(see table 277 for the required SNR)

for the most complex modulation and FEC rate (64-QAM, rate:5/6) but:

D/Uadj= 55 – 4.3 = 50.7 dB

(see table 277 for the required SNR)

for the simplest modulation and FEC rate (QPSK, rate: ½)

WRAN receiver selectivity should be such, beyond the first adjacent channel, that no taboo channels would need to be considered.

As a reference, the adjacent channel [?] receiver selectivity is 63 dB for base station and 33 dB for mobile in 802.20. 

3. Receiver Blocking Level / Receiver Maximum Input Level

It refers to the effect of strong RF signals in TV channels other than the channel of interest and its two adjacent channels on  the ability of the receiver to decode a wanted signal in the tuned channel. 

The level of -8 dBm is suggested for the receiver blocking level because of the presence of very high power (1 MW) TV stations in the frequency range captured by the first stages of amplification of the WRAN receivers before the channel selection.

As a reference, in 802.16h, the receiver maximum input level is set to the receiver blocking level: -40 dBm for base station and -20 dBm for mobile.  Large RF signal differentials such as those happening in TV bands as described above, does not usually occur in the frequency bands where other IEEE 802 wireless systems operate.  Tighter requirement is needed for systems operating in TV bands.

References:

[1] G. Chouinard, “WRAN receiver performance,” IEEE 802.22/08-0327r2, December 2008 (22-08-0327-02-0000_WRAN Receiver Performance.xls).

[2] Kim, Chang-Joo, et al, ETRI, 22-08-0181-01-0000-simulation-results-to-determine-the-normalized-cnr-in-tpc-equation.ppt

Annex A

Noise figure of an amplifier

The noise figure of an amplifier is measured by injecting a reference Tref = 290ºK level of noise and measuring the total amount of noise at the output of the amplifier.  The output is measured by a power-meter in a reference bandwidth.  This can then be transformed into a noise density per unit bandwidth and then referred to a new noise temperature at the output of the amplifier through the Boltzman constant.  The noise figure is then:


NF = 10*log(Tout/Tref)

In order to know what is the noise level injected by the amplifier, the following equation needs to be employed:


Tamp = (10^(NF/10) – 1) * Tref


since the level of noise injected at the input needs to be removed.

Finally, the total noise density in a receiver front-end is represented by its temperature:


Ttotal = Tantenna +(10^(NF/10) – 1) * Tref)

Or its noise density:


Noise density = Boltzman + 10*log(Ttotal)

In the special case where the antenna temperature is equal to the reference temperature (i.e., 290K), the above equation is usually simplified as follows:


10*log(Ttotal) = 10*log(Tref) + NF

It should be remembered that this simplification is valid only when the antenna noise temperature is equal to the reference noise temperature.  In reality, since part of the antenna beam is directed towards the sky, where the cosmic noise temperature is more around 90ºK, rather than entirely towards the ground where the noise temperature is around 290ºK, the total antenna temperature will tend to be smaller than 290ºK.   Furthermore, any signal losses incurred between the receiving antenna and the input of the amplifier will generate additional noise in proportion to the losses incurred, which will add to the antenna noise.  This is taken into account in the detailed calculations carried out in Reference 1 (22-08-0327-01-0000_WRAN Receiver Performance.xls)
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Abstract





This contribution discusses the receiver performance evaluation criteria for IEEE 802.22.
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