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======================== First Modification Part ========================
E.3.3
Post FFT equalisation

Perform 7 FFTs on z’(ν), one for each OFDM symbol in a slot using the timing 
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~

D

, including the demodulation reference symbol. The result is an array of samples, 7 in the time axis t times 2048 in the frequency axis f. The samples represent the DFT coded data symbols (in OFDM-symbol 0,1,2,4,5and 6 in each slot) and demodulation reference symbols ( OFDM symbol 3 in each slot) in the allocated RBs and inband emissions in the non allocated RBs within the transmission BW.

Only the allocated resource blocks in the frequency domain are used for  equalisation.

The nominal demodulation reference symbols and nominal DFT coded data symbols are used to equalize the measured data symbols. (Location for equalization see Figure E.2.5-1)

NOTE: (The nomenclature inside this note is local and not valid outside)

The nominal DFT coded data symbols are created by a demodulation process. The location to gain the demodulated data symbols is “EVM” in Figure E.2.5-1. A demodulation process as follows is recommended:

1.
Equalize the measured DFT coded data symbols using the reference symbols for equalisation. Result: Equalized DFT coded data symbols

2.
iDFT transform the equalized DFT coded data symbols: Result: Equalized data symbols

3.
Decide for the nearest constellation point: Result: Nominal data symbols

4.
DFT transform the nominal data symbols: Result: Nominal DFT coded data symbols

At this stage we have an array of  Measured DFT coded data-Symbols and  reference-Symbols (MS(f,t))

versus an array of Nominal DFT coded data-Symbols and reference Symbols (NS(f,t)) 

(complex, the arrays comprise 6  DFT coded data symbols and 1 demodulation reference symbol in the time axis and the number of allocated subcarriers in the frequency axis.)

MS(f,t) and   NS(f,t) are processed with a least square (LS) estimator, to derive one equalizer coefficient per time slot and per allocated subcarrier. EC(f)
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With  * denoting complex conjugation.

EC(f) are used to equalize the DFT-coded data symbols. The measured  DFT-coded data and the references symbols are equalized by:

Z’(f,t) = MS(f,t) . EC(f)

With  . denoting multiplication.

Z’(f,t), restricted to the data symbol (excluding t=3) is used to calculate EVM, as described in E.4.1.

EC(f) is used in E.4.4 to calculate EVM equalizer spectral flatness. 
The samples of the non allocated resource blocks within the transmission bandwidth configuration in the post FFT domain are called Y(f,t) (f covering the non allocated subcarriers within the transmission bandwidth configuration, t covering the OFDM symbols during 1 slot).

======================== Second Modification Part ========================
E.4.1
EVM

For EVM  create two sets of Z’(f,t)., according to the timing ” 
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 –W/2 and 
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 +W/2” using the equalizer coefficients from E.3.3.

Perform the iDFTs on Z’(f,t). The IDFT-decoding preserves the meaning of t but transforms the variable f (representing the allocated sub carriers) into an another variable g, covering the same count and representing the demodulated symbols. The samples in the post IDFT domain are called iZ’(g, t). The equivalent ideal samples are called iI(g,t). Those samples of Z’(f,t), carrying the reference symbols (=symbol 3) are not iDFT processed.

The EVM is the difference between the ideal waveform and the measured and equalized waveform for the allocated RB(s)
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where

t covers the count of demodulated symbols with the considered modulation scheme being active within the measurement period, (i.e. symbol 0,1,2,4,5and 6 in each slot, (|T|=6 )

g covers the count of demodulated symbols with the considered modulation scheme being active within the allocated bandwidth. (|G|=12*
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: number of allocated resource blocks)).  
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 are the samples of the signal evaluated for the EVM.


[image: image11.wmf](

)

t

g

iI

,

is the ideal signal reconstructed by the measurement equipment, and
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 is the average power of the ideal signal. For normalized modulation symbols 
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 is equal to 1.

From the acquired samples 40 EVM value can be derived, 20 values for the timing 
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======================== Third Modification Part ========================
E.4.3
In-band emissions measurement

The in-band emissions are a measure of the interference falling into the non-allocated resources blocks.

Explanatory Note:

The inband emission measurement is only meaningful with allocated RBs next to non allocated RB. The allocated RBs are necessary but not under test. The non allocated RBs are under test. The RB allocation for this test is as follows: The allocated RBs are at one end of the channel BW, leaving the other end unallocated. The number of allocated RBs is smaller than half of the  number of RBs, available in the channel BW. This means that the vicinity of the carrier in the centre  is unallocated.

There are 3 types of inband emissions:

1.
General

2.
IQ image

3.
Carrier leakage

Carrier leakage are inband emissions next to the  carrier.

IQ image are inband emissions symmetrically  (with respect to the  carrier) on the other side of the allocated RBs.

General are applied to all unallocated RBs. 
For each evaluated RB, the minimum requirment is calculated as the higher of PRB - 30 dB and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply.
In specific the following combinations:

-
Power (General)

-
Power (General + Carrier leakage)

-
Power (General + IQ Image)

1 and 2 is expressed in terms of  power in one non allocated RB under test, normalized to the average power of an allocated RB (unit dB).

3 is expressed in terms of power in one non allocated RB, normalized to the power of all allocated RBs. (unit dBc).

This is the reason for two formulas Emissions relative 

Create one set of  Y(t,f) per slot according to the timing “
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For the non-allocated RBs below the in-band emissions are calculated as follows



[image: image18.wmf]ï

ï

î

ï

ï

í

ì

>

D

<

D

=

D

å

å

å

å

Î

D

D

×

+

D

-

D

×

+

Î

D

+

D

×

+

D

D

×

+

0

,

)

,

(

1

0

,

)

,

(

1

)

(

))

*

12

(

,

min(

*

)

11

12

(

2

*

)

11

12

(

))

*

12

(

,

max(

2

max

min

RB

T

t

f

c

f

f

c

s

RB

T

t

f

c

f

c

f

s

RB

absolute

s

RB

h

RB

h

s

RB

l

RB

l

f

t

Y

T

f

t

Y

T

Emissions

,

where
the upper formula represents the in band emissions below the allocated frequency block and the lower one the in band emissions above the allocated frequency block.


[image: image19.wmf]s

T

 is a set of  
[image: image20.wmf]s

T

SC-FDMA symbols with the considered modulation scheme being active within the measurement period,
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 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. 
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are the lower and upper edge of the UL transmission BW configuration,
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 are the lower and upper edge of the allocated BW, 
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 is the frequency domain signal evaluated for in-band emissions as defined in the subsection E.3.3
The allocated RB power per RB and the total allocated RB power are given by:
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The relative in-band emissions, applicable for General and IQ image, are given by:
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where
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 is the number of allocated resource blocks, 


and
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 is the frequency domain samples for the allocated bandwidth, as defined in the subsection E.3.3.

The relative in-band emissions, applicable for carrier leakage, is given by:
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where RBnextDC means: Ressouce Block next to the carrier.

This is one RB, namely the central one in case of an odd number of RBs in the channel BW.

This is one pair of RBs, namely the immediately adjacent RBs to the carrier in case of an even number of RBs in the channel BW.

The basic in-band emissions measurement interval is defined over one slot in the time domain.
From the acquired samples 20 functions for general in band emissions and IQ image inband emissions can be derived. 20 values or 20 pairs of carrier leakage inband emissions can be derived. They are compared against different limits.

======================== Fourth Modification Part ========================
E.4.6
EVM of Demodulation reference symbols (EVMDMRS)

For the purpose of EVM DMRS, the steps E.2.2 to E.4.2 are repeated 6 times, constituting 6 EVM DMRS sub-periods.  The only purpose of the repetition is to cover the longer gross measurement period of EVM DMRS (120 time slots) and to derive the FFT window timing per sub-period.

The bigger of the EVM results in one 20 TS period corresponding to the timing¦ 
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 +W/2 is compared against the limit. (Clause E.4.2) This timing is re-used for EVM DMRS in the equivalent EVM DMRS sub-period.

For EVM the demodulation reference symbols are exlcuded, while the data symbols are used. For EVMDMRS the data symbols are excluded, while the demodulation references symbols are used.This is illustrated in figure E.4.6-1
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Figure E.4.6-1: EVMDMRS measurement points

Re-use the folowing formula from E.3.3:

Z’(f,t) = MS(f,t) . EC(f)

To calculate EVMDMRS ,  the data symbol ( t=0,1,2,4,5,6) in Z’(f,t) are excluded and only the reference symbol (t=3) is used.
The EVM DMRS is the difference between the ideal waveform and the measured and equalized waveform for the allocated RB(s)
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where

t covers the count of demodulation reference symbols (i.e.  only symbol 3 in each slot, so count =1)

f covers the count of demodulation reference symbols within the allocated bandwidth. (|F|=12*
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 are the samples of the signal evaluated for the EVM DMRS 
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is the ideal signal reconstructed by the measurement equipment, and
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 is the average power of the ideal signal. For normalized modulation symbols 
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 is equal to 1.

20 such results are generated per measurement sub-period.

======================== Fifth Modification Part ========================
E.5.8
Post FFT equalisation 

The post FFT equalisation is described separately without reference to E.3.3:

Perform 7 FFTs on z’(ν), one for each OFDM symbol in a slot using the timing 
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, including the demodulation reference symbol. The result is an array of samples, 7 in the time axis t times 2048 in the frequency axis f. The samples represent the OFDM symbols (data and reference symbols) in the allocated RBs and inband emissions in the non allocated RBs within the transmission BW.  

Only the allocated resource blocks in the frequency domain are used for  equalisation. 

The nominal reference symbols and nominal OFDM data symbols are used to equalize the measured data symbols.

Note: (The nomenclature inside this note is local and not valid outside)

The nominal OFDM data symbols are created by a demodulation process.  A demodulation process as follows is recommended:

1. Equalize the measured OFDM data symbols using the reference symbols for equalisation. Result: Equalized OFDM data symbols

2. Decide for the nearest constellation point, however not independent for each subcarrier in the RB. 12 constellation points are decided dependent, using the applicable CAZAC sequence. Result: Nominal OFDM data symbols

At this stage we have an array of  Measured data-Symbols and  reference-Symbols (MS(f,t))

versus an array of Nominal data-Symbols and reference Symbols (NS(f,t))

The arrays comprise in sum 7 data and reference symols, depending on the PUCCH format,  in the time axis and the number of allocated sub-carriers in the frequency axis.

MS(f,t) and   NS(f,t) are processed with a least square (LS) estimator, to derive one equalizer coefficient per time slot and per allocated subcarrier. EC(f)
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With  * denoting complex conjugation.

EC(f) are used to equalize the OFDM data together with the demodulation reference symbols by:

Z’(f,t) = MS(f,t) . EC(f)

With  . denoting multiplication.

Z’(f,t) is used to calculate EVMPUCCH, as described in E.5.9 1
The samples of the non allocated resource blocks within the transmission bandwidth configuration in the post FFT domain are called Y(f,t) (f covering the non allocated subcarriers within the transmission bandwidth configuration, t covering the OFDM symbols during 1 slot).

======================== Sixth Modification Part ========================
E.5.9.1
EVMPUCCH
For EVMPUCCH  create two sets of Z’(f,t)., according to the timing ” 
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 +W/2” using the equalizer coefficients from E.5.8

The EVMPUCCH is the difference between the ideal waveform and the measured and equalized waveform for the allocated RB(s)


[image: image53.wmf](

)

(

)

F

P

T

t

f

I

t

f

Z

EVM

F

f

T

t

PUCCH

×

×

-

=

å

å

Î

Î

0

2

,

,

'


,

where

t covers the count of demodulated symbols in the slot (|T|= 7)

f covers the count of demodulated symbols within the allocated bandwidth. (|F|=12)
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 are the samples of the signal evaluated for the EVMPUCCH 
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is the ideal signal reconstructed by the measurement equipment, and
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 is the average power of the ideal signal. For normalized modulation symbols 
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 is equal to 1.

From the acquired samples 40 EVMPUCCH value can be derived, 20 values for the timing 
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 –W/2 and 20 values for the timing 
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======================== Seventh Modification Part ========================
E.5.9.3
In-band emissions measurement

The in-band emissions are a measure of the interference falling into the non-allocated resources blocks

Create one set of  Y(t,f) per slot according to the timing “
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For the non-allocated RBs  the in-band emissions are calculated as follows
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where

the upper formula represents the inband emissions below the allocated frequency block and the lower one the inband emissions above the allocated frequency block.
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 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. 
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are the lower and upper edge of the UL system BW,
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 is the frequency domain signal evaluated for in-band emissions as defined in the subsection E.5.8

The relative in-band emissions are, given by
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where
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is the number of allocated RBs, which is always 1 in case of PUCCH

 and 
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 is the frequency domain samples for the allocated bandwidth, as defined in the subsection E.5.8
The basic in-band emissions measurement interval is defined over one slot in the time domain.
From the acquired samples 20 functions for inband emissions can be derived.

Since the PUCCH allocation is always on the upper or lower band-edge, the opposite to the allocated one represents the IQ image, and the remaining inner RBs represent the general inband emissions. They are compared against different limits.

======================== Eighth Modification Part ========================
E.6.9.1
EVMPRACH

Perform  FFT on z’(ν)  and i(ν) using the FFT timing 
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For format 2 and  3 the first and the repeated preamble sequence are FFT-converted separately. using the standard FFT length 0f 2048
The EVMPRACH is the difference between the ideal waveform and the measured and equalized waveform for the allocated RB(s).
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where

f covers the count of demodulated symbols within the allocated bandwidth.
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 are the samples of the signal evaluated for the EVMPRACH
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