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Comments on 802.20 Draft D1.0m
Minimum transmitter and receiver fidelity requirements are necessary to provide interoperability in standards developed for network operations where the networks are intended to be populated by terminals from multiple sources.  Other requirements besides these are also necessary to ensure interoperability among standard-compliant terminals.  In IEEE 802, it is required that a standard be complete prior to its adoption, with all necessary information included, it is not sufficient for a Working Group to promise to supply the requisite information at a later date subsequent to publication.  This approach may work well in some environments, but this is not acceptable for IEEE 802.  Also, while all within the Working Group may work diligently to produce a complete standard, certainly those Working Group members who have proposed technology and submitted complete drafts in accordance with their proposals, and had their proposals selected by the Working Group, have a more complete and full understanding of the nuances of the technology to be captured in the standard, and a high level of responsibility for communicating necessary information within the standard document.  
It is appreciated that significant effort has been expended in preparing a draft for submittal, but it is also significant effort for the rest of the Working Group to understand that draft and perform due diligence upon it.  It is an inherent responsibility of the authors of selected proposals as well as other Working Group members to continue to improve the draft as issues and wordings are identified as unclear to some or incomplete to others.  With all this in mind, the author of this comment respectfully submits, as requested, a listing of parameters necessary for interoperability for 802.20 terminals and network access points.  The author has gone an additional step and provided not only the listing of parameters, but also tables and values and terminology and definitions for many of these parameters (from actual standards project’s references where these parameters are used).  As such, this comment DOES provide actual text for insertion into the draft document of 802.20, as a new paragraph heading for Minimum Performance.
From 802.16:
8.1.8 Minimum performance

This subclause details the minimum performance requirements for proper operation of systems in the frequency range of 24–32 GHz. The values listed in this subclause apply over the operational environmental ranges of the system equipment.

The philosophy taken in this subclause is to guarantee SS interoperability. Hence, the BS is described only in terms of its transmitter (Table 144), while the SS is described in terms of both its transmitter (Table 145) and receiver (Table 146). It is expected that BS manufacturers will use SS transmitter performance coupled with typical deployment characteristics (e.g., cell size, channel loading, near-far users, etc.) to profile their

receiver equipment emphasizing specific performance issues as they require.

Note—The interfering source shall be a continuous signal of the same modulation type as the primary signal. The

spectral mask of the interfering signal shall depend on local regulatory requirements.
Table 144—Minimum BS transmitter performance

Tx symbol timing accuracy 
Peak-to-peak symbol jitter, referenced to the previous symbol zero

crossing, of the transmitted waveform, shall be less than 0.02 of the

nominal symbol duration over a 2 s period. The peak-to-peak

cumulative phase error, referenced to the first symbol time and with

any fixed symbol frequency offset factored out, shall be less than 0.04

of the nominal symbol duration over a 0.1 s period.

The Tx symbol timing accuracy shall be within ± 8 ppm of its nominal

value (including aging and temperature variations).

Tx RF frequency
/accuracy 10–66 GHz/ ± 8 ppm (including aging and temperature variations)

Tx RMS power 
At least 15 dBm measured at antenna port

Spectral mask (out of band/block) 
Per relevant local regulation requirements (see 8.1.8.2.2 for more

details)

Spurious 
Per relevant local regulatory requirements.

Maximum Ramp Up/Ramp Down Time 
8 symbols (2 PSs)
Modulation accuracy (expressed in EVM,

as in 8.1.8.2.3)
12% (QPSK); 6% (16-QAM) (Measured with an Ideal Receiver

without Equalizer, all transmitter impairments included), and

10% (QPSK); 3% (16-QAM), 1.5% (64-QAM) (Measured with an

Ideal Receiver with an Equalizer, linear distortion removed)

Note: Tracking loop bandwidth is assumed to be between 1% to 5%

optimized per phase noise characteristics. The tracking loop

bandwidth is defined in the following way. A lowpass filter with

unity gain at DC and frequency response H(f), has a tracking loop

(noise) bandwidth (BL), defined as the integral of | H(f)| squared from

0 to the sampling frequency. The output power of white noise passed

through an ideal brick wall filter of bandwidth BL shall be identical to

that of white noise passed through any lowpass filter with the same

tracking loop (noise) bandwidth.

Table 145—Minimum SS transmitter performance

Tx Dynamic range 
40 dB

Tx RMS Power Level at Maximum Power

Level setting for QPSK

At least +15 dBm (measured at antenna port)

Tx power level adjustment steps and accuracy

The SS shall adjust its Tx power level, based on feedback from the

BS via MAC messaging, in steps of 0.5 dB in a monotonic fashion.

[This required resolution is due to the small gap in sensitivities

between different burst profiles (3–4 dB typical).]

Tx symbol timing jitter 
Peak-to-peak symbol jitter, referenced to the previous symbol zero

crossing, of the transmitted waveform, shall be less than 0.02 of the

nominal symbol duration over a 2 s period. The peak-to-peak cumulative

phase error, referenced to the first symbol time and with any

fixed symbol frequency offset factored out, shall be less than 0.04 of

the nominal symbol duration over a 0.1 s period.

Symbol clock 
Shall be locked to BS symbol clock.

Tx burst timing accuracy 
Shall implement corrections to burst timing in steps of up to ±0.5 of a symbol with step accuracy of up to ±0.25 of a symbol.

Tx RF frequency
/accuracy SS frequency locking to BS carrier required.

10–66 GHz/ ± 1 ppm (including aging and temperature variations)
Spectral Mask (out of band/block) 

Per relevant local regulation requirements (see 8.1.8.2.2 for more

details).

Maximum Ramp Up/Ramp Down Time 

8 symbols (2 PSs)

Maximum output noise power spectral density

when Tx is not transmitting information

–80 dBm/MHz (measured at antenna port)

Modulation accuracy (expressed in EVM,

as in 8.1.8.2.3)

As specified in Table 144.

Table 146—Minimum SS receiver performance

Bit error rate (BER) performance threshold 

For BER = 1 × 10-3:

QPSK: –98 + 10log10(B)

16-QAM: –91 + 10log10(B)

64-QAM: –82+ 10log10(B)

For BER = 1 × 10-6:

QPSK: –96+ 10log10(B)

16-QAM: –89 + 10log10(B)

64-QAM: –80+ 10log10(B)

NOTE: Measured uncoded in dBm, where B denotes carrier symbol

rate in MBd.

Propagation models of Type 0, 1, or 2 (Table 147) are used

Maximum Transition time from Tx to Rx

and from Rx to Tx

2 μs (TDD)

20 μs (FDD, half-duplex terminal)

1st Adjacent Channel Interference 
At BER 10-3, for 3 dB degradation:

C/I = –9 (QPSK), –2 (16-QAM), and +5 (64-QAM)

At BER 10-3, for 1 dB degradation:

C/I = –5 (QPSK), +2 (16-QAM), and +9 (64-QAM)

At BER 10-6, for 3 dB degradation:

C/I = –5 (QPSK), +2 (16-QAM), and +9 (64-QAM)

At BER 10-6, for 1 dB degradation:

C/I = –1 (QPSK), +6 (16-QAM), and +13 (64-QAM)

NOTE: Measured uncoded, in dB.

2nd Adjacent Channel Interference At BER 10-3, for 3 dB degradation:

C/I = –34 (QPSK), –27 (16-QAM), and –20 (64-QAM)

At BER 10-3, for 1 dB degradation:

C/I = –30 (QPSK), –22 (16-QAM), and –16 (64-QAM)

At BER 10-6, for 3 dB degradation:

C/I = –30 (QPSK), –23 (16-QAM), and –16 (64-QAM)

At BER 10-6, for 1 dB degradation:

C/I = –26 (QPSK), –20 (16-QAM), and –12 (64-QAM)

NOTE: Measured uncoded, in dB.

From DOCSIS transmit fidelity requirements:
6.2.22.5 Carrier Phase Noise

The upstream transmitter total integrated phase noise (including discrete spurious noise) MUST be less than or equal to -46 dBc, summed over the spectral regions spanning 200 Hz to 400 kHz above and below the carrier.

The upstream transmitter total integrated phase noise (including discrete spurious noise) MUST be less than or equal to -44 dBc, summed over the spectral regions spanning 8 kHz to 3.2 MHz above and below the carrier.

The CM MUST provide a test mode in which:

• A continuous (non-bursted), unmodulated (CW) upstream signal is transmitted at the commanded carrier

frequency, modulation rate and level. This is equivalent to replacing the chip sequence at the spreader output with the constant sequence (1, 1, 1, 1, 1, 1,...) at nominal amplitude, equal on both I and Q.

• The CM tracks the downstream symbol clock and uses it to generate the upstream symbol clock as in normal synchronous operation.

6.2.22.6 Channel Frequency Accuracy

The CM MUST implement the assigned channel frequency within 50 parts per million, over a temperature range of 0 to 40 degrees C, and up to five years from date of manufacture.

From 802.11n draft:
20.3.20.1 Transmit spectrum mask

In the absence of other regulatory restrictions, when transmitting in a 20 MHz channel, the transmitted spectrum shall have a 0 dBr (dB relative to the maximum spectral density of the signal) bandwidth not exceeding 18 MHz, .20 dBr at 11 MHz frequency offset, .28 dBr at 20 MHz frequency offset and .45 dBr at 30 MHz frequency offset and above. The transmitted spectral density of the transmitted signal shall fall within the spectral mask, as shown in Figure 321 (Transmit spectral mask for 20 MHz transmission). The measurements shall be made using a 100 kHz resolution bandwidth and a 30 kHz video bandwidth.

In the absence of other regulatory restrictions, when transmitting in a 40 MHz channel, the transmitted spectrum shall have a 0 dBr bandwidth not exceeding 38 MHz, .20 dBr at 21 MHz frequency offset, -28 dBr at 40 MHz offset and .45 dBr at 60 MHz frequency offset and above. The transmitted spectral density of the transmitted signal shall fall within the spectral mask, as shown in Figure 322 (Transmit spectral mask for a 40 MHz channel).  The transmit spectral mask for 20 MHz transmission in upper or lower 20 MHz channels of a 40 MHz is the  same mask as that used for the 40 MHz channel.
20.3.20.2 Spectral flatness

In a 20 MHz channel and in corresponding 20 MHz transmission in a 40 MHz channel, the average energy

of the constellations in each of the spectral lines .16 to .1 and +1 to +16 shall deviate no more than ± 2 dB

from their average energy. The average energy of the constellations in each of the spectral lines .28 to .17

and +17 to +28 shall deviate no more than +2/.4 dB from the average energy of spectral lines .16 to .1 and +1 to +16.

In a 40 MHz transmission (excluding PPDUs in (#1481) HT duplicate format and non-HT duplicate format) the average energy of the constellations in each of the spectral lines .42 to .2 and +2 to +42 shall deviate no more than ± 2 dB from their average energy. The average energy of the constellations in each of the spectral lines .43 to .58 and +43 to +58 shall deviate no more than +2/.4 dB from the average energy of spectral lines .42 to .2 and +2 to +42.

In HT duplicate format and non-HT duplicate format the average energy of the constellations in each of the

spectral lines -42 to -33, -31 to -6, +6 to +31, and +33 to +42 shall deviate no more than ± 2 dB from their

average energy. The average energy of the constellations in each of the spectral lines -43 to -58 and +43 to

+58 shall deviate no more than +2/-4 dB from the average energy of spectral lines -42 to -33, -31 to -6, +6

to +31, and +33 to +42.

20.3.20.7 Modulation accuracy

20.3.20.7.1 Introduction to Modulation accuracy tests

Transmit modulation accuracy specifications are described in 20.3.20.7.2 (Transmit center frequency leakage) and 20.3.20.7.3 (Transmitter constellation error). The test method is described in 20.3.20.7.4 (Transmitter modulation accuracy (EVM) test).

20.3.20.7.2 Transmit center frequency leakage

The transmitter center frequency leakage shall follow 17.3.9.6.1 for all transmissions in a 20 MHz channel

width. For transmissions in a 40 MHz channel width, the center frequency leakage shall not exceed -20 dB

relative to overall transmitted power, or, equivalently, 0 dB relative to the average energy of the rest of the

subcarriers. The transmit center frequency leakage is specified per antenna.

20.3.20.7.3 Transmitter constellation error

The relative constellation RMS error, averaged over subcarriers, OFDM frames, and spatial streams shall not exceed a data-rate dependent value according to Table 198 (Allowed relative constellation error versus constellation size and coding (#706) rate). In this table, the number of spatial streams is equal to the number of transmit antennas. The same requirement applies both to 20 MHz channels and 40 MHz channels.

20.3.20.7.4 Transmitter modulation accuracy (EVM) test

The transmit modulation accuracy test shall be performed by instrumentation capable of converting the transmitted signals into a streams of complex samples at 40 Msample/s or more, with sufficient accuracy in terms of I/Q arm amplitude and phase balance, dc offsets, phase noise, analog to digital quantization noise, etc. 

Each transmit chain is connected directly through a cable to the setup input port. A possible embodiment of such a setup is converting the signals to a low IF frequency with a microwave synthesizer, sampling the signal with a digital oscilloscope and decomposing it digitally into quadrature components. The sampled signal shall be processed in a manner similar to an actual receiver, according to the following steps, or an equivalent procedure:

a) Start of frame shall be detected.

b) Transition from short sequences to channel estimation sequences shall be detected, and fine timing

(with one sample resolution) shall be established.

c) Coarse and fine frequency offsets shall be estimated.

d) The packet shall be derotated according to estimated frequency offset.

e) The complex channel response coefficients shall be estimated for each of the subcarriers and each of

the transmit chains.

f) For each of the data OFDM symbols: transform the symbol into subcarrier received values, estimate

the phase from the pilot subcarriers in all spatial streams, derotate the subcarrier values according to

estimated phase, group the results from all the receiver chains in each subcarrier to a vector, multiply

the vector by a zero-forcing equalization matrix generated from the channel estimated during the

channel estimation phase.

g) For each data-carrying subcarrier in each spatial stream, find the closest constellation point and

compute the Euclidean distance from it.

h) Compute the average of the RMS of all errors in a packet. It is given by:  (equation)

Table 198—Allowed relative constellation error versus constellation size and coding (#706)

rate

Modulation

Coding rate

Relative constellation error (dB)

BPSK 1/2 -5

QPSK 1/2 -10

QPSK 3/4 -13

16-QAM 1/2 -16

16-QAM 3/4 -19

64-QAM 2/3 -22

64-QAM 3/4 -25

64-QAM 5/6 -28

20.3.21 HT PMD receiver specification

20.3.21.1 Receiver minimum input sensitivity

The packet error rate (PER) shall be less than 10% for a PSDU length of 4096 octets with the rate-dependent input levels listed in Table 199 (Receiver minimum input level sensitivity) or less. The minimum input levels are measured at the antenna connectors and are referenced as the average power per receive antenna. The number of spatial streams under test shall be equal to the number of utilized transmitting STA antenna (output) ports and also equal to the number of utilized Device Under Test input ports. Each output port of the transmitting STA shall be connected through a cable to one input port of the Device Under Test. Minimum sensitivity level specified in Table 199 (Receiver minimum input level sensitivity) and test only applies to non-STBC modes, MCSs 0-31, 800 ns GI, and BCC.
Table 199—Receiver minimum input level sensitivity

Modulation Rate (R)

Adjacent channel rejection(dB)

Non-adjacent channel rejection (dB)

Minimum sensitivity (dBm) (20 MHz channel spacing)

Minimum sensitivity (dBm) (40 MHz channel spacing)

BPSK  
1/2 
16 
32 
-82 
-79

QPSK 
1/2 
13 
29 
-79 
-76

QPSK 
3/4 
11 
27 
-77 
-74

16-QAM 1/2 
8 
24 
-74 
-71

16-QAM 3/4 
4 
20 
-70 
-67

64-QAM 2/3 
0 
16 
-66 
-63

64-QAM 3/4 
.1 
15 
-65 
-62

64-QAM 5/6 
.2 
14 
-64 
-61
20.3.21.2 Adjacent channel rejection

For all transmissions in a 20 MHz channel width, the adjacent channel rejection shall be measured by setting the desired signal’s strength 3 dB above the rate dependent sensitivity specified in Table 199 (Receiver minimum input level sensitivity) and raising the power of the interfering signal until 10% PER is caused for a PSDU length of 4096 octets. The power difference between the interfering and the desired channel is the corresponding adjacent channel rejection. The adjacent channel center frequencies shall be separated by 20 MHz when operating in the 5 GHz band and the adjacent channel center frequencies shall be separated by 25 MHz when operating in the 2.4 GHz band.(#1621) For all transmissions in a 40 MHz channel width, the adjacent channel rejection shall be measured by setting the desired signal’s strength 3 dB above the rate dependent sensitivity specified in Table 199 (Receiver minimum input level sensitivity) and raising the power of the interfering signal until 10% PER is caused for a PSDU length of 4096 octets. The power difference between the interfering and the desired channel is the corresponding adjacent channel rejection. The adjacent channel center frequencies shall be separated by 40 MHz.

The interfering signal in the adjacent channel shall be a conformant OFDM signal, unsynchronized with the

signal in the channel under test. For a conforming OFDM PHY, the corresponding rejection shall be no less than specified in Table 199 (Receiver minimum input level sensitivity). The interference signal shall have a minimum duty cycle of 50%.

Adjacent channel rejection level specified in Table 199 (Receiver minimum input level sensitivity) and test

only applies to non-STBC modes, MCSs 0-31, 800 ns GI, and BCC.
20.3.21.3 Non-adjacent channel rejection

For all transmissions in a 20 MHz channel width in the 5 GHz band, the non-adjacent channel rejection shal
be measured by setting the desired signal’s strength 3 dB above the rate-dependent sensitivity specified in Table 199 (Receiver minimum input level sensitivity), and raising the power of the interfering signal until a 10% PER occurs for a PSDU length of 4096 octets. The power difference between the interfering and the desired channel is the corresponding non-adjacent channel rejection. The non-adjacent channel center frequencies shall be separated by 40 MHz or more.(#1623) For all transmissions in a 40 MHz channel width in the 5 GHz band, the non-adjacent channel rejection shall be measured by setting the desired signal’s strength 3 dB above the rate-dependent sensitivity specified in Table 199 (Receiver minimum input level sensitivity), and raising the power of the interfering signal until a 10% PER occurs for a PSDU length of 4096 octets. The power difference between the interfering and the desired channel is the corresponding non-adjacent channel rejection. The non-adjacent channel center frequencies shall be separated by 80 MHz or more.
The interfering signal in the non-adjacent channel shall be a conformant OFDM signal, unsynchronized with the signal in the channel under test. For a conforming OFDM PHY, the corresponding rejection shall be no less than specified in Table 199 (Receiver minimum input level sensitivity). The interference signal shall have a minimum duty cycle of 50%. The non-adjacent channel rejection for transmissions in a 20 MHz or 40 MHz channel width is applicable only to 5 GHz band.

Non-adjacent channel rejection level specified in Table 199 (Receiver minimum input level sensitivity) and

test only applies to non-STBC modes, MCSs 0-31, 800 ns GI, and BCC.
20.3.21.4 Receiver maximum input level

The receiver shall provide a maximum PER of 10% at a PSDU length of 4096 octets, for a maximum input

level of .30 dBm in the 5 GHz band, and -20 dBm in the 2.4 GHz band, measured at each antenna for any

baseband modulation.

20.3.21.5 Clear Channel Assessment (CCA) sensitivity

CCA sensitivity requirements for non-HT frame signals in the primary channel are described in clauses 17

and 19.
20.3.21.5.1 Clear channel assessment (CCA) sensitivity in 20 MHz

The following paragraph describes the CCA sensitivity requirements for an HT STA with the operating channel width set to 20 MHz.

The start of a valid 20 MHz HT signal at a receive level equal to or greater than the minimum modulation and coding rate sensitivity of -82 dBm shall cause the PHY to set PHY-CCA.indicate(BUSY) with a probability > 90% within 4 μs. The receiver shall hold the CCA signal busy for any signal 20 dB or more above the minimum modulation and coding rate sensitivity (-82 + 20 = -62 dBm) in the 20 MHz channel.

A receiver that does not support the reception of HT-GF format PPDUs shall hold the CCA signal busy

(PHY_CCA.indicate(BUSY)) for any valid HT-GF signal in the 20MHz channel at a receive level equal to

or greater than -72dBm.
20.3.21.5.2 Clear channel assessment (CCA) sensitivity in 40 MHz

The following paragraphs describe the CCA sensitivity requirements for an HT STA with the operating channel width set to 40 MHz.

The receiver of a 20/40 MHz STA with the operating channel width set to 40 MHz shall provide CCA on both the primary and secondary channels.

When the secondary channel is idle, the start of a valid 20 MHz HT signal in the primary channel at a receive level equal to or greater than the minimum modulation and coding rate sensitivity of -82 dBm shall cause the PHY to set PHY-CCA.indicate(BUSY, {primary}) with a probability > 90% within 4 μs. The start of a valid 40 MHz HT signal (#2470) that occupies both the primary channel and the secondary channel at a receive level equal to or greater than the minimum modulation and coding rate sensitivity of -79 dBm shall cause the PHY to set PHY-CCA.indicate(BUSY, {primary, secondary}) for both the primary channel and the secondary channel with a probability per channel > 90% within 4 μs.

A receiver that does not support the reception of HT-GF format PPDUs shall hold the CCA signal busy

(PHY_CCA.indicate(BUSY, {primary})) for any valid HT-GF signal in the primary channel at a receive level equal to or greater than -72 dBm when the secondary channel is idle. A receiver that does not support the reception of HT-GF format PPDUs shall hold both the 20MHz primary channel CCA and the 20MHz secondary channel CCA busy (PHY_CCA.indicate(BUSY, {primary, secondary})) for any valid 40MHz HT-GF signal in both the primary and the secondary channel at a receive level equal to or greater than -69

dBm.
The receiver shall hold the 20 MHz primary channel CCA signal busy for any signal at or above -62 dBm in the 20 MHz primary channel. This level is 20 dB above the minimum modulation and coding rate sensitivity for a 20 MHz PPDU. When the primary channel is idle, the receiver shall hold the 20 MHz secondary channel CCA signal busy for any signal at or above -62 dBm in the 20 MHz secondary channel. The receiver shall hold both the 20 MHz primary channel CCA and the 20 MHz secondary channel CCA busy for any signal present in both the primary and secondary channel that is at or above -59 dBm. This level is 20 dB above the minimum modulation and coding rate sensitivity for a 40 MHz PPDU.
20.3.21.6 Received channel power indicator (RCPI) measurement

The RCPI indicator is a measure of the received RF power in the selected channel. This parameter shall be a measure by the PHY sublayer of the received RF power in the channel measured over the data portion of the received frame. The received power shall be the average of the power in all receive chains. RCPI shall be a monotonically increasing, logarithmic function of the received power level defined in dBm. The allowed values for the Received Channel Power Indicator (RCPI) parameter shall be an 8 bit value in the range from 0 through 220, with indicated values rounded to the nearest 0.5 dB as follows:

. 0: Power < -110 dBm

. 1: Power = -109.5 dBm

. 2: Power = -109.0 dBm and so on up to

. 220: Power > 0 dBm

. 221-254: reserved

. 255: Measurement not available

Where RCPI = int{(Power in dBm +110)*2} for 0 dbm > Power > -110 dBm (134)

RCPI shall equal the received RF power within an accuracy of +/- 5 dB (95% confidence interval) within the specified dynamic range of the receiver. The received RF power shall be determined assuming a receiver noise equivalent bandwidth equal to the channel bandwidth multiplied by 1.1.
T. K

Page 1 of 12

