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1.1.1 CNU Transmitter Output Requirements

The CNU shall output an RF Modulated signal withareltteristics delineated in Table Etrbio text of specified
stylein document.-1.

Table Error! No text of specified style in document.-1 - CNU transmitter output signal characteristics

Parameter Value
FDD Frequency Bands FDD Mode: 5 MHz — 234 MHz
TDD Frequency Bands CNU shall support the following frequency bands, either separately or together:

5 MHz - 277 MHz (low band)
750 MHz — 1800 MHz (high band)

Signal Type OFDMA
Maximum OFDMA Channel Bandwidth 192 MHz
Minimum Occupied Bandwidth 6.4 MHz for 25 kHz subcarrier spacing
10 MHz for 50 kHz subcarrier spacing
Number of Independently configurable Minimum of TBD channels
OFDMA channels
Subcarrier Channel Spacing 25 kHz, 50 kHz
FFT Size 50 kHz: 4096 (4K FFT)
25 kHz: 8192 (8K FFT)
Sampling Rate 204.8 MHz (192 MHz Block Size)
FFT Time Duration 40 psec (25 kHz subcarriers)
20 psec (50 kHz subcarriers)
Modulation Type QPSK, 8-QAM, 16-QAM, 32-QAM, 64-QAM, 128-QAM, 256-QAM, 512-QAM, and
1024-QAM
Bit Loading Variable per RB
(Constant for subcarriers of the same typeintheRB. | B {Commented [sr1]: Need motion on this
Support zero valued subcarriers (subcarrier nulling) per profile and RB
Level [Shall be capable of transmitting a total average output power of 65 dBmV
May be capable of transmitting a total average output power greater than 65 dBmVL - { Commented [sr2]: Need motion
Output Impedance 75 ohms
Output Return Loss > 6 dB 5-fnax MHZ (42/65/85/117/204 MHz)

> 6 dB fnax— 1218 MHz
> 6 dB frax — 1.794 GHz for CNUSs that can transit up to 1.794 GHz

1.1.2 Upstream Transmit Fidelity Requirements
A CNU is required to generate up to TBD channekk#oof OFDMA
A CNU’s Transmit Channel Set (TCS) is the set oDB®FA channels being transmitted by the CNU.

With BWorpwma being the combined occupied bandwidth of the OFDah&nnel(s) in its TCS, the CNU is said to
have Nq = ceil(BWorpoma (MHz)/1.6 MHz) "equivalent channels" in its TCS.

"Equivalent channel power" of a channel referhopower in 1.6 MHz of spectrum assuming the chigmae
occupied bandwidth of 6.4 MHz (5.12 MHz modulatrate).

The "equivalent channel power" of an OFDMA charia¢he average power of the OFDMA subcarriers ef th
channel normalized to 1.6 MHz bandwidth. This eglémt channel power of an OFDMA channel is denated
PSDis The TCS has one, or TBD OFDMA channels, but estescribed as havingefhumber of equivalent
channels.

Each channel in the TCS is described by its redguver, which is the power of the channel whes ftily
granted. Each channel is also characterized Bgdpsivalent channel power," which is the channet@o
normalized to 1.6 MHz (Power Spectral Density & #verage power of the channel multiplied by 1.62y1H
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1.1.2.1 [Transmit Power Requirements|

- ‘[Commented [sr3]: Need motion. This clause is new content ]

The transmit power requirements are a functiomefrtumber and occupied bandwidth of the OFDMA ckémnim
the TCS. The minimum highest value of the total poautput of the CNU is 65 dBmV, although highelues are
allowed. The total maximum power is distributed agn¢he OFDMA channels in the TCS, based on equakpo
spectral density when the OFDMA channels are fgithnted to the CNU. This ensures that each OFDMsxnél
can be set to a power range within the dynamiceamgdow (DRW) between its maximum powes;, Bnd
minimum power, By, and that any possible transmit grant combinatgombe accommodated without exceeding
the transmit power capability of the CNU.

[Maximum equivalent channel power (PSR is calculated as PSlvax= 65 dBmV — lOIoga(Neq).] 7777777 - ‘{Commented [sr4]: Do we want to maintain the 1.6MHz
normalizations

The CLT shall limit the commanded P&faxto 53.2 dBmV if Nqis < 15. This enforces a maximum power
spectral density of 65 dBmV per 24 MHz.

The minimum value allowed is P$Euin = 17 dBmV.

The CNU shall not transmit on any channel in theST&€ a value higher tham;Br lower than B.. The values for
Phi and Ryw are functions of PSQimax PSD.emin, and Ng.

The CNU sends transmit power level commands aneégualizer coefficients to the CNU to compensate fo
upstream plant conditions. The top edge of the DR'¥ét to a level, R4 min_set ClOSe to the highest Pgbtransmit
channel to optimally load the DAC. In extreme titinditions, some of the channels will be sent conusdo
transmit at lower PSI} values that use up a significant portion of thevibRAdditionally, the pre-equalizer
coefficients of the OFDMA channels will also compate for plant tilts. The CLT enforces a DRW ofdE which
is sufficient to accommodate plant tilts of up dB from lower to upper edge of the upstream b&ite the
fidelity requirements are specified in flat freqagrconditions from the top of the DRW, it is debieto maintain
CNU transmission power levels as close to the fah@DRW as possible.

1.1.2.2 OFDMA Fidelity Requirements
The following requirements assume that any pre-&ateon is disabled, unless otherwise noted.

When channels in the TCS are commanded to the sgmiealent powers, the reference signal poweren'dBc"
definition is to be interpreted as the measureal griant power. When channels in the TCS are cordethto
different equivalent channel powers, the commarided power of the transmission is computed, addfarence
is derived compared to the commanded total powéchwivould occur if all channels had the same PSi3 the
highest equivalent channel power in the TCS, whath@ot the channel with the largest equivalermtnztel power
is included in the grant. Then this differencedsged to the measured total transmit power to féveréeference
signal power for the "dBc" spurious emissions reguients.

1.1.2.2.1 Spurious Emissions

The noise and spurious power generated by the Gidlisot exceed the levels given in Table 2, Tabhland
Table 4. Up to five discrete spurs can be excludsd the emissions requirements listed in Tabldable 3 and
Table 4 and have to be less than -42 dBc relatiwesingle subcarrier power level.

SpurFloor is defined as:
SpurFloor = max{ -57 + 10*log10(100% Grant Spectru®2MHZ), -60} dBc
Under-grant Hold Number of Users is defined as:
Under-grant Hold Number of Users = Floor{ 0.2 + 1044 - SpurFloor)/10) }
Under-grant Hold Bandwidth is defined as:
Under-grant Hold Bandwidth = (100% Grant Spectr@onter-grant Hold Number of Users)

These spurious performance requirements only appgn the CNU is operating within certain rangesaities for
Pload_n for n = 1 to the number of upstream channelseénii@S, and for granted bandwidth of Under-grantdHol
Bandwidth or larger; wheredR_1the highest loaded channel in this specificatian, (its power is the one closest to
Phi).
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When a CNU is transmitting over a bandwidth of s Under-grant Hold Bandwidth, the spurious eroiss
requirement limit is the power value (in dBmV), msponding to the specifications for the power lessociated
with a grant of bandwidth equal to Under-grant HBhdwidth.

when the equivalent 1.6 MHz CEA channel powers (PpBre within 6 dB of Bad_min_sefRoad_min_sett6>=Road =
Ploadfminis&-

Further, the CNU'’s spurious emissions requiremshé&dl be met with two or more channels in the TQ§ avhen
Pload 1= Road_min_set When Rad 1< Road_min_set the sSpurious emissions requirements in absodutes are relaxed by
Hoadil' Hoadimlniset

When a CNU is transmitting with any equivalent amelrpower with loading [Rd_min_sect 16 dB or lower (Bad>
Pload_min_set 16 dB), the spurious emissions requirement liuiesnot enforced.

The spurious performance requirements do not appiyy upstream channel from the time the outputgop@n
any active upstream channel has varied by more#BatB since the last global reconfiguration tirheotigh the
end of the next global reconfiguration time changasluding transmit power changes due to PLC conusén
Phi.

In Table 2, inband spurious emissions include naiagier leakage, clock lines, synthesizer sp@ripwoducts, and
other undesired transmitter products. It doesmedtide 1SI. The signal reference power for OFDMAand
spurious emissions is the total transmit power mnessand adjusted (if applicable) as describecenti®n 1.1.2.2,
and then apportioned to a single data subcarrier.

The measurement bandwidth is 160 kHz for the BetvBgrsts (none of the channels in the TCS is mggspecs
of Table 2, except where called out as 4 MHz or I230. The signal reference power for Between Bursts
transmissions is the total transmit power measarebadjusted (if applicable) as described in Sectid.2.2.

The Transmitting Burst specs apply during the resoblocks granted to the CNU (when the CMI usksrad
portion of the grant), and for 20 pus before andrafie granted resource block for OFDMA. The BetwBersts
specs apply except during a used grant of resdulooés on any active channel for the CNU, and 2Befere and
after the used grant for OFDMA. The signal refeeepower for Transmitting Burst transmissions, othen
inband, is the total transmit power measured afjustetl (if applicable) as described in Section2l21.

For the purpose of spurious emissions definitiangranted burst refers to a burst of resource Bltzke
transmitted at the same time from the same CMgthesource blocks are not necessarily contiguofreguency.

Table 2 - Spurious Emissions

Parameter Transmitting Burst Between Bursts®
Inband -60 dBc OFDMA -72 dBc
[NOTE: also see MER
requirement]
Adjacent Band See Table 4 -72 dBc
Within the upstream operating range 5-234 See Table 3 -72 dBc
MHz (excluding assigned channel, adjacent
channels)
For the case where the upstream operating | |
range is 5-42 MHz:
CNU Integrated Spurious Emissions Limitg
(all in 4 MHz, includes discretés)
42 to 54 MHz -40 dBc -26 dBmV
54 to 60 MHz -35 dBmV -40 dBmV
60 to 88 MHz -40 dBmV -40 dBmV
88 to 1218 MHz -45 dBmV max(-45 dBmV, -40 dB ref
downstreant)
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Parameter Transmitting Burst Between Bursts®

For the case where the upstream operatin
range is 5-42 MHz:

CNU Discrete Spurious Emissions Lindits

42 to 54 MHz -50 dBc -36 dBmV
54 to 88 MHz -50 dBmV -50 dBmV
88 to 1218 MHz -50 dBmV -50 dBmV

For the case where the upstream operating
range is 5-85 MHz:
CNU Integrated Spurious Emissions Limitg
(all in 4 MHz, includes discrete sputs)

85 to 108 MHz -45 dBc -31 dBmV

85 to 108 MHz (Should) -50 dBc -36 dBmV

108 to 136 MHz -40 dBmV -40 dBmV

136 to 1218 MHz -45 dBmV max(-45 dBmV, -40 dB ref
downstreant)

For the case where the upstream operating
range is 5-85 MHz:

CNU Discrete Spurious Emissions Lindits
85 to 108 MHz -50 dBc -36 dBmV
108 to 1218 -50 dBmV -50 dBmV

For the case where the upstream operating
range is 5-204 MHz:

CNU Integrated Spurious Emissions Limitg
(all in 4 MHz, includes discrete sputs)

204 to 258 MHz -50 dBc -72 dBc

204 to 258 MHz (Should) -60 dBc -72 dBc

258 t0 1218 MHz -45 dBmV max(-45 dBmV, -40 dB ref
downstrean)

For the case where the upstream operatin
range is 5-204 MHz:

CNU Discrete Spurious Emissions Lindits

204 to 258 MHz -50 dBc -36 dBmV
258 to 1218 MHz -50 dBmV -50 dBmV
Table Notes:

Note 1  These spec limits exclude a single discrete spur related to the tuned received channel; this single discrete spur must
be no greater than -40 dBmV.

Note 2 "dB ref downstream" is relative to the received downstream signal level. Some spurious outputs are proportional to the
receive signal level.

Note 3  Relative to the previous transmission

1.1.2.2.1.1 Spurious Emissions in the Upstream Frequency Range

Table 3 lists the required spurious level in a soeament interval. The initial measurement inteataihich to
start measuring the spurious emissions (from testnitted burst’'s modulation edge) is 400 kHz ftbmedge of
the transmission’s modulation spectrum. Measuresngmbuld start at the initial distance and be rigpkat
increasing distance from the carrier until the tgesh band edge or spectrum adjacent to other meduaectrum
is reached.
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For OFDMA transmissions with non-zero transmit vandhg, the CNU shall meet the required performance
measured within the 2.0 MHz adjacent to the moddlapectrum using slicer values from a CLT burstiser or
equivalent, synchronized to the downstream trarsionigorovided to the CNU.

In the rest of the spectrum, the CNU shall meetélgeired performance measured with a bandpass (dtg., an
unsynchronized measurement).

For OFDMA transmissions with zero transmit windogii€NU shall meet the required performance using
synchronized measurements across the completeeapsspectrum.

Spurious emissions allocation for far out spuriemgssions =
Round{ SpurFloor + 10*log10( Measurement bandwidtder-grant hold Bandwidth),0.1}.

For transmission bursts with modulation spectruss an the Under-grant Hold Bandwidth, the spsripawer
requirement is calculated as above, but increagddtog:, (Under-grant Hold Bandwidth/Grant Bandwidth).

Table 3 - Spurious Emissions Requirements in the Upstream Frequency Range for Grants of
Under-grant Hold Bandwidth and Larger®

100% Grant | SpurFloor (dBc) | Under-grant | Under-grant Hold Measurement Specification in
Spectrum Hold #Users Bandwidth (MHz) | Bandwidth (MHz) | the Interval (dBc)
(MHz)
Up to 64 -60.0 40 100% Grant 16 Round{ SpurFloor +
Spectrum/40 10*log10(
Measurement
Bandwidth/Under-
grant Hold
Bandwidth),0.1}
[Ex: 22 MHZ] [0.55 MHz] [-55.4]
[Ex: 46 MHz] [1.15 MHZ] [-58.6]
Greater than 64, -60.0 40 100% Grant 3.2 Round{ SpurFloor +
up to 96 Spectrum/40 10*log0(
Measurement
Bandwidth/Under-
grant Hold
Bandwidth),0.1
[Ex 94 MHZz] [2.35 MHzZ] [-58.7]
Greater than 96, max{-57 + Floor{ 0.2 + 10"( | 100% Grant 9.6 Round{ SpurFloor +
up to 192 10*10910(100% -44 - Spectrum)/(Under- 10*log0(
Grant SpurFloor)/10) } | grant Hold Number of Measurement
Spectrum/192 Users) Bandwidth/Under-
MHZ), -60} grant Hold
Bandwidth),0.1}
[Ex: 142 MHZ] [-58.3] [27] [5.3] [-55.7]
[Ex: 190 MHz] [-57.0] [20] [9.5 [-57.0]
Greater than 192 max{-57 + Floor{ 0.2 + 10™( 100% Grant 12.8 Round{ SpurFloor +
10*10g10(100% -44 - Spectrum)/(Under- 10*log10
Grant SpurFloor)/10) } | grant Hold Number of (Measurement
Spectrum/192 Users) Bandwidth/Under-
MHZ), -60} grant Hold
Bandwidth),0.1}
[Ex: 204 MHz] [-56.8] [19] [10.5] [-55.9]

Note 1 Spurious Emissions Requirements in the Upstream Frequency Range Relative to the Per Channel Transmitted Burst
Power Level for Each Channel for Grants of Under-grant Hold Bandwidth and Larger

Within the measurement bandwidth of Table 3, sugiemissions measured for individual subcarriea#i sontain
no more than +3 dB power larger than the requiredlagge power of the spurious emissions in the fesurement

bandwidth.
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Optionally for OFDMA transmissions, bandpass meas@nts rather than synchronous measurements may be

applied.
As an example illustrating the smaller measurerhantwidth requiremends, consider 94 MHz 100% drgrlt7 ____ — -| Commented [sr8]: May need to rework example with 192Mh
spectrum, with -58.7 dBc spurious emissions allome8l2 MHz measurement bandwidth, with the measere ch width

bandwidth starting as close as 400 kHz from theutatibn edge of the transmitted burst. If the subeaspacing
69 is 25 kHz, there are 128 subcarriers in theVB-2 measurement bandwidth. Each subcarrier haayverage, a
requirement of -58.7 dBc — 21.1 dB = -79.8 dBc, thetrequirement is relaxed to -79.8 dBc + 3 dB =8 B¢
(noting that -21.07 dB corresponds to 128 he under-grant hold bandwidth is 2.35 MHz fistexample. When
a 100% grant has 65 dBmV transmit power, a gragt4MHz has 49.1 dBmV power. With a single OFDMA
channel and its 100% grant power at 65 dBmV, theisps emissions requirement with a grant of 2.42a11H
measured in 25 kHz is 49.1 dBmV - 76.8 dBc = -2'BimY. -76.8 dBc corresponds to -57.1 dBr for thiaraple
(since 2.35 MHz/25 kHz is a factor of 94, or 198)d

1.1.2.2.1.2 Adjacent Channel Spurious Emissions

Spurious emissions from a transmitted burst mayoiccadjacent spectrum, which could be occupie®BPMA
subcarriers.

Table 4 lists the required adjacent channel sparémission levels when there is a transmitted twitstbandwidth
at the Under-grant Hold Bandwidth. The measurensepérformed in an adjacent channel interval of K@
adjacent to the transmitted burst modulation spettior OFDMA transmissions, the measurement ifopeed
starting on an adjacent subcarrier of the transghispectrum (both above and below), using therslakeies from a
CLT burst receiver or equivalent synchronized ®dlownstream transmission provided to the CNU.

It should be noted that the measurement bandwatfdble 4 is less than the measurement bandwiidtisble 3.
Thus, comparing the two tables in terms of the i§ipation "dBc" values requires appropriate scalitrgaddition,
Table 4 provides specification "dBc" only for grawff a specific amount for each row, while Tabjer@vides
"dBc" specification for grants of all sizes fronetbinder-grant Hold Bandwidth to 100%.

For transmission bursts with modulation spectruss han the Under-grant Hold Bandwidth, the spsripawer
requirement is calculated as above, but increagddtog:o(Under-grant Hold Bandwidth/Grant Bandwidth).

For transmission bursts with modulation spectrueatgr than the Under-grant Hold Bandwidth, the ispsrpower
requirement in the adjacent 400 kHz is calculateddnverting the requirement to absolute power "§Bffor a
grant of precisely Under-grant Hold Bandwidth fr@able 4, and similarly computing the absolute pold@mV"
from Table 3 for a grant equal to:

The Given Grant - The Under-grant Hold Bandwidth.

Then, the absolute power calculated from Tabkestaled back in exact proportion of 400 kHz comgdo the
measurement bandwidth in Table 3. Then the poreen fTable 4 is added to the scaled apportioned powe
from Table 3 to produce the requirement for the@eht 400 kHz measurement with a larger grant thatunder-
grant Hold Bandwidth. The requirement for adjacgmirious power in adjacent 400 kHz is:

P1(Grant Bandwidth — Under-grant Hold Bandwidth)os@ute power derived from Table 3 (dBmV)

P2(Under-grant Hold Bandwidth) = absolute powenastifrom Table 4 (dBmV)
Plscaied= P1 * (0.4 MHZz)/(Measurement Bandwidth (MHz) usedTable 3) (dBmV)
Pspec_limit= Plcaledt P2 (dBmV)

Within the measurement bandwidth of Table 4, spugriemissions measured for individual subcarriead sbntain
no more than +3 dB power larger than the requiredlame power of the spurious emissions in the fesurement
bandwidth. Optionally for OFDMA transmissions, baads measurements rather than synchronous measiseme
may be applied.




Error! No text of specified style in document.

Error! No text of specified style in document.

Table 4 - Adjacent Channel Spurious Emissions Requirements Relative to the Per Channel
Transmitted Burst Power Level for Each Channel

100% Grant | SpurFloor (dBc) | Under-grant | Under-grant Hold | Measurement Specification in
Spectrum Hold #Users Bandwidth (MHz) Bandwidth Adjacent 400 kHz
(MHz) (MHz) With Grant of Under-
grant Hold Bandwidth
(dBc)
Up to 64 -60.0 40 100% Grant 0.4 MHz Round{10*log10(
Spectrum/40 ((10~(SpurFloor/10)) +
(107(-57/10))) x(0.4
MHz/Under-grant Hold
Bandwidth)),0.1}
[Ex: 22 MHZ] [0.55 MHZ] [-56.6]
[Ex: 46 MHz] [1.15 MHz] [-59.8]
Greater than 64, | -60.0 40 100% Grant 0.4 MHz Round{10*log10(
up to 96 Spectrum/40 ((107(SpurFloor/10)) +
(107(-57/10))) x(0.4
MHz/Under-grant Hold
Bandwidth)),0.1}
[Ex 94 MHz] [2.35 MHz] [-62.9]
Greater than 96 | max{-57 + Floor{ 0.2 + 10"( | 100% Grant 0.4 MHz Round{10*log10(
10*log10(100% (-44 - Spectrum)/Under- ((20~(SpurFloor/10)) +
Grant SpurFloor)/10) } | grant Hold Number of (107(-57/10))) x(0.4
Spectrum/192 Users MHz/Under-grant Hold
MHZ), -60} Bandwidth)),0.1}

[Ex: 142 MHZz]

[Ex: 190 MHZz]
[Ex: 204 MHZ]

Round nearest 0.1
dB

[-58.3]

[-57.0]
[-56.8]

[27]

[20]
[19]

[5.3]

[9.5]
[10.5]

[-65.8]

[-67.7]
[-68.1]

1.1.2.2.2 Spurious Emissions During Burst On/Off Transients

The CNU shall control spurious emissions, prioamnd during ramp-up, during and following ramp-doand
before and after a burst.

The CNU'’s on/off spurious emissions, such as tlanghk in voltage at the upstream transmitter outjue,to
enabling or disabling transmission, shall be noerthan 50 mV.

The CNU's voltage step shall be dissipated no fak@n 4 ps of constant slewing. This requiremeptias when
the CNU is transmitting at +55 dBmV or more per aferon any channel.

At backed-off transmit levels, the CNU’s maximunanole in voltage shall decrease by a factor of 2&wh 6 dB
decrease of power level in the highest power achannel, from +55 dBmV per channel, down to a mmaxn

change of 3.5 mV at 31 dBmV per channel and beldws requirement does not apply to CNU power-on and
power-off transients.

1.1.2.2.3 MER Requirements

Transmit modulation error ratio (TXMER or just MERasures the cluster variance caused by the CKbigdu
upstream transmission due to transmitter impedastiThe terms "equalized MER" and "unequalized Migfer
to a measurement with linear distortions equali@edot equalized, respectively, by the CLT recagealizer. The
requirements in this section refer only to uneqealiMER, as described for each requirement. MEReiasured on
each modulated data subcarrier and non-booste(pIER is computed based on the unboosted pilotgppim a
resource block of a granted burst and averagedlliftine subcarriers in each resource block. MERuites the
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effects of Inter-Carrier Interference (ICI), spursoemissions, phase noise, noise, distortion, huther undesired
transmitter degradations with an exception forlacsenumber of discrete spurs impacting a selectbar of
subcarriers. MER requirements are measured witlilrated test instrument that synchronizes tctQrR®MA
signal, applies a receive equalizer in the testungent that removes MER contributions from nomutznnel
imperfections related to the measurement equipraetcalculates the value. The equalizer in thenegument is
calculated, applied and frozen for the CNU testReceiver equalization of CLT linear distortiomist provided,;
hence this is considered to be a measurement glafized MER, even though the test equipment costaifixed
equalizer setting.

1.1.2.2.3.1 Definitions

MER is defined as follows for OFDMA. The transmittB F waveform at the F connector of the CNU (after
appropriate down conversion) is filtered, convettetaseband, sampled, and processed using staD&amlA
receiver methods, with the exception that recedepralization is not provided. The processed vaduesised in the
following formula. No external noise (AWGN) is adti® the signal.

The carrier frequency offset, carrier amplituderiea phase offset, and timing will be adjustedidgreach burst to
maximize MER as follows:

- One carrier amplitude adjustment common for alcsuiers and OFDMA symbols in burst.

- One carrier frequency offset common for all subessrresulting in phase offset ramping across OFDMA
symbols in bursts.

- One timing adjustment resulting in phase ramp acsobcarriers.

- One carrier phase offset common to all subcargersOFDMA symbol in addition to the phase ramp.

MER; is computed as an average of all the subcarressnini-slot for the" resource block in the OFDMA grant:

Eavg
MER; (dB) = 10 - logy, T =
N M 2

N 2j=1 (M2k=1|ej,k| )
where:

Eawis the average constellation energy for equallgliilsymbols,

M is the number of symbols averaged,

N is the number of subcarriers in a mini-slot,

gk Iis the error vector from thgh subcarrier in the resource block dtidreceived symbol to the ideal
transmitted QAM symbol of the appropriate modulatbwder.

A sufficient number of OFDMA symbols shall be ind&d in the time average so that the measuremeattainty
from the number of symbols is less than other &tions of the test equipment.

MER with a 100% grant is defined as the conditidrewall OFDMA resource blocks in the transmit credrset are
granted to the CNU.

MER with a 5% grant is defined as the condition whess than or equal to 5% of the available OFDMgource
blocks have been granted to the CNU.

1.1.2.2.3.2 Upstream MER Requirements

Unless otherwise stated, the CNU shall meet orezktlee following MER limits over the full transngibwer range,
all modulation orders, all grant configurations aver the full upstream frequency range.

The following flat channel measurements with no(filable 5) are made after the pre-equalizer coefits have
been set to their optimum values. The receiver besseffort synchronization to optimize the MERas@#rement.
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Table 5 - Upstream MER Requirements (with pre-equalization)

Parameter Value
MER (100% grant) Each resource block MER =44 dB (Notes 1,2)
MER (5% grant) Each resource block MER 250 dB (Notes 1,2)
Pre-equalizer constraints Coefficients set to their optimum values
Table Notes:

1. Up to 5 subcarriers within the entire upstream bandwidth with discrete spurs may be excluded from the MER calculation if
they fall within transmitted resource blocks. These 5 spurs are the same spurs that may be excluded for spurious emissions
and not an additional or different set.

2. This value is to be met when Pioag = Pioad_min_set-

The following flat channel measurements (Tableré)raade with the pre-equalizer coefficients setrity and no
tilt and the receiver implementing best effort dyrmmization. For this measurement, the receiver atsy apply
partial equalization. The partial equalizer mustewrect for the portion of the CNU’s time-domainmpulse
response greater than 200 ns or frequency-domapfitade response greater than +1 dB or less thaB f2un the
average amplitude.

Table 6 - Upstream MER Requirements (no pre-equalization)

Parameter Value
MER (100% grant) Each resource block MER =40 dB (Notes 1,2)
MER (5% grant) Each resource block MER =40 dB (Notes 1,2)
Pre-equalizer constraints Pre-equalization not used
Table Notes:

1. Up to 5 subcarriers within the entire upstream bandwidth with discrete spurs may be excluded from the MER calculation if they
fall within transmitted resource blocks. These 5 spurs are the same spurs that may be excluded for spurious emissions and not
an additional or different set.

. This value is to be met when Pioag = Pioad_min_set-

N

1.1.3 Upstream Pre-Equalization
A CNU shall implement a linear pre-equalizer withimgle complex coefficient per subcarrier.

The CLT shall direct a CNU to pre-equalize its ugain transmission using CLT-assigned pre-equadizati
coefficients as a step in the ranging process.

The CLT uses the CNU’s probe signal for pre-egealcoefficient updates. The probes are describ&ation
TBD.

The CLT may specify the subcarriers (i.e., freqyerange) over which coefficient updates is to béqpened.

The CLT shall compensate for phase offset and pslape in the coefficients if the probes are usediming
offset measurements when calculating the pre-expratoefficient. Phase offset is compensated byeayeg phase
over all subcarriers and subtracting it. The ptshspe is compensated by subtracting the phaser liresad over all
subcarriers, after unwrapping 2*pi jumps.

The CLT shall have the ability to scale the trarssioin power per subcarrier when configuring théero

transmission using the range respdnse message. = {

The CNU shall scale its transmission power per nkwhen transmitting the probe as required byGhe in the
range response message. The range of the scaliresvs: 0 to [10log(skip+1)] dB. Skip is defined$ection
Error! Reference sour ce not found..

The CNU shall use a default value of 1+j0 for allqequalizer coefficients. The PLC message cafniepte-
equalization information, and may instruct the Ctéleither multiply the equalizer coefficients witie existing
coefficients (as described below), or to load titbractly.

Error! No text of specified style in document.
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The CNU shall multiply the coefficients sent by tBET in the range response message with the egistin
coefficients, to get the new coefficients, whertrinsted by the CLT, as follows:

Ck(i+1)=Ck(i) * Ak(i)
where: Ck(i) is the pre-equalizer coefficient o thth subcarrier, as used in the last probe trassom, Ck(i+1) is

the updated pre-equalizer coefficient of the kithcarrier and Ak(i) is the update coefficient infation received
from the CLT as a response to the correspondingepti@nsmission. "*" indicates a complex multiptioa.

The CNU shall normalize the new calculated coedfits as follows:

mean (abs (Ck)"2) = 1 (summation is over all k)

The CNU shall implement per subcarrier pre-equaibrathat will enable it to meet the performancguieements
specified in Section 1.1.1.

The CNU shall apply pre-equalization for all itgal&ransmissions.

The CNU shall be able to transmit a probe signéh wr without pre-equalization (all coefficientedr+j*0) when

measuring upstream frequency response.

1.1.4 CLT Receiver Input Power Requirements

The CLT Upstream Demodulator shall operate witlaegrage input signal level, including ingress aog@to the

upstream demodulator, up to 31 dBmV.

The CLT shall be settable according to Table 7rfended received power normalized to 6.4 MHz afdveidth.

within the ranges defined in Table 7 of the set @ow

Table 7 - Upstream Channel Demodulator Input Power Characteristics

=

Modulation Minimum Set Point Maximum Set Point Range
QPSK -4 dBmV 10 dBmV -9/+3
8-QAM -4 dBmV 10 dBmV -9/+3
16-QAM -4 dBmV 10 dBmV -9/+3
32-QAM -4 dBmV 10 dBmV -9/+3
64-QAM -4 dBmV 10 dBmV -9/+3
128-QAM 0 dBmV 10 dBmV -9/+3
256-QAM 0 dBmV 10 dBmV -9/+3
512-QAM 0 dBmV 10 dBmV -3/+3
1024-QAM 0dBmV 10 dBmV -3/+3
2048-QAM 7 dBmV 10 dBmV -3/+3
4096-QAM 10 dBmV 10 dBmV -3/+3
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