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Annex E (normative):
Global In-Channel TX-Test

Editor’s note: This annex is incomplete. The following aspects are either missing or not yet determined:

· An average EVM, comprising 20 individual values, is defined and compared against the test limit. The other sub-results of the Global In channel TX-Test deliver one value per slot, hence 20 values. It is tbd, how to compare this individual values against the test limit.
Clauses E.2.2 to E.5.9.3 are descriptions, which exclude any transients due to power on/off or power change.

      When the test runs with exclusions periods, Clause E.7 is applicable
E.1
General

The global in-channel TX test enables the measurement of all relevant parameters that describe the in-channel quality of the output signal of the TX under test in a single measurement process.

The parameters describing the in-channel quality of a transmitter, however, are not necessarily independent. The algorithm chosen for description inside this annex places particular emphasis on the exclusion of all interdependencies among the parameters.

E.2
Signals and results

E.2.1
Basic principle

The process is based on the comparison of the actual output signal of the TX under test, received by an ideal receiver, with a reference signal, that is generated by the measuring equipment and represents an ideal error free received signal. All signals are represented as equivalent (generally complex) baseband signals. 

The description below uses numbers as examples. These numbers are taken from frame structure 1 with normal CP length and 20 MHz bandwidth. The application of the text below, however, is not restricted to this frame structure and bandwidth.

E.2.2
Output signal of the TX under test 

The output signal of the TX under test is acquired by the measuring equipment and stored for further processsing.  It is sampled at a sampling rate of 30.72 Msps. In the time domain it comprises at least 10 uplink subframes. The measurement period is derived by concatenating the correct number of individual uplink slots until the correct measurement period is reached. The output signal is named z(ν). Each slot is modelled as a signal with the following parameters: demodulated data content, carrier frequency,  amplitude and phase for each subcarrier,  timing,  carrier leakage.

NOTE 1: TDD

For frame structure type 2, subframes with special fields (UpPTS) do not undergo any evaluation. Since the uplink subframes are not continuous, the 20 slots should be extracted from more than 1 continuous radio frame:

Figure E.2.2-1 is an example for uplink-downlink configuration 1 (DSUUDDSUUD) as specified in TS 36.211 [8] Table 4.2-2,assuming all uplink subframes are active.
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Figure E.2.2-1: Example of uplink – downlink configuration 1
E.2.3
Reference signal

Two types of reference signal are defined:

The reference signal i1(ν)   is constructed by the measuring equipment according to the relevant TX specifications, using the following parameters: demodulated data content, nominal carrier frequency,  nominal amplitude and phase for each subcarrier, nominal timing, no carrier leakage. It is represented as a sequence of samples at a sampling rate of 30.72 Msps in the time domain.

The reference signal i2(ν)   is constructed by the measuring equipment according to the relevant TX specifications, using the following parameters: restricted data content: nominal reference symbols, (all modulation symbols for user data symbols are set to 0V)  , nominal carrier frequency,  nominal amplitude and phase for each applicable subcarrier, nominal timing, no carrier leakage. It is represented as a sequence of samples at a sampling rate of 30.72 Msps in the time domain.

NOTE: The PUCCH is  off during the time under test.

E.2.4
Measurement results

The measurement results, achieved by the global in channel TX test are the following:

· Carrier Frequency error

· EVM (Error Vector Magnitude)

· Carrier leakage
· Unwanted emissions, falling into non allocated resource blocks.

· EVM equalizer sSpectrum flatness

E.2.5
Measurement points
The unwanted emission falling into non-allocated RB(s) is calculated directly after the FFT as described below. In contrast to this, the EVM for the allocated RB(s) is calculated after the IDFT. The samples after the TX-RX chain equalizer are used to calculate EVM equalizer  spectrum flatness. Carrier frequency error and carrier leakage is calculated in the block “RF correction”.
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Figure E.2.5-1: EVM measurement points

E.3
Signal processing

E.3.1
Pre FFT minimization process

Before applying the pre-FFT minimization process, z(ν) and i(ν) are portioned into 20 pieces, comprising one slot each. Each slot is processed separately. Sample timing, Carrier frequency and baseband-I/Q offset (corresponding carrier leakage in RF) in z(ν) are jointly varied in order to minimise the difference between z(ν) and i(ν). Best fit (minimum difference) is achieved when the RMS difference value between z(ν) and i(ν) is an absolute minimum.

The carrier frequency variation and the IQ variation are  the measurement results: Carrier Frequency Error and Carrier leakage.

From the acquired samples 20 carrier frequencies and 20 carrier leakages can be derived.

NOTE 1: The minimisation process, to derive carrier leakage and RF error can be supported by Post FFT operations. However the minimisation process defined in the pre FFT domain comprises all acquired samples (i.e. it does not exclude the samples in between the FFT widths and it does not exclude the bandwidth outside the transmission bandwidth configurationNOTE 2: The algorithm would allow to derive Carrier Frequency error and Sample Frequency error of the TX under test separately. However there are no requirements for Sample Frequeny error. Hence the algorithm models the RF and the sample frequency commonly (not independently). It returns one error and does not distinuish between both.
After this process the samples z(ν) are called z0(ν).

E.3.2
Timing of the  FFT window

The FFT window length is 2048 samples per OFDM symbol. 7 FFTs (14336 samples) cover less than the acquired number of samples (15360 samples) The position in time for FFT must be determined.

In an ideal signal, the FFT may start at any instant within the cyclic prefix without causing an error. The TX filter, however, reduces the window. The EVM requirements shall be met within a window W<CP.  There are three different instants for FFT:

Centre of the reduced window, called  
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The timing of the measured signal is determined in the pre FFT domain as follows, using z0(ν) and i2(ν) :

1.
The measured signal is delay spread by the TX filter. Hence the distinct boarders between the OFDM symbols and between Data and CP are also spread and the timing is not obvious.

2.
In the Reference Signal i2(ν) the timing is known.

3.
Correlation between (1.) and (2.) will result in a correlation peak. The meaning of the correlation peak is approx. the “impulse response” of the TX filter. The meaning of “impulse response” assumes that the autocorrelation of the reference signal i2(ν)  is a Dirac peak and that the correlation between the reference signal i2(ν)  and the data in the measured signal is 0. The correlation peak, (the highest, or in case of more than one, the earliest) indicates the timing in the measured signal.
From the acquired samples 20 timings can be derived. 

For all calculations, except EVM, the number of samples in z0(ν)  is reduced to 7 blocks of samples, comprising 2048 samples (FFT width) and starting with  
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 in each OFDM symbol including the demodulation reference signal.

For the EVM calculation the output signal under test is reduced to 14 blocks of samples, comprising 2048 samples (FFT width) and starting with 
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 +W/2  in each OFDM symbol including the demodulation reference signal.

The number of samples, used for FFT is reduced compared to z0(ν).  This subset of  samples is called z’(ν). 

The timing of the centre 
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 with respect to the different CP length in a slot is as follows: (Frame structure 1, normal CP length)
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 is on Tf=72 within  the CP of length 144  (in OFDM symbol 1 to 6)
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 is on Tf=88 (=160-72)  within  the CP of length 160 (in OFDM symbol 0)
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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, 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 data-Symbols and  reference-Symbols (MS(f,t))

versus an array of Nominal 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).
E.4
Derivation of the results

E.4.1
EVM

For EVM  create two sets of Z’(f,t)., according to the timing ” 
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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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 are the samples of the signal evaluated for the EVM.
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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 EVM value can be derived, 20 values for the timing 
[image: image23.wmf]c

~

D

 –W/2 and 20 values for the timing 
[image: image24.wmf]c

~

D

 +W/2
E.4.2
Averaged EVM

EVM is averaged over all basic EVM measurements.
The averaging comprises 20 consecutive UL slots (for frame structure 2: excluding special fields(UpPTS))
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The averaging is done separately for timing¦ 
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 is compared against the test requirements.
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. If the DC or IQ Image specifications also apply, then the minimum requirement is the highest (less stringent) power calculated from "General" and whichever "DC" or "IQ Image" specification applies.
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
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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.
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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,
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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.
E.4.4
EVM equalizer spectral flatness

For EVM equalizer spectral flatness use EC(f) as defined in E.3.3. Note, EC(f) represents the inverse complex channel coefficients.
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With  * denoting complex conjugation.

12*
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: Number of allocated subcarriers
This function represents the relative frequency response of the TX chain in dB (after equalization) and is compared against limits.

From the acquired samples 20 functions ΔP(f) can be derived.

E.4.5
Frequency error and Carrier leakage
See E.3.1.
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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20 such results are generated per measurement sub-period.

E.4.6.1
1st average for EVM DMRS
EVM DMRS is averaged over all basic EVM DMRS measurements in one sub-period 

The averaging comprises 20 consecutive UL slots (for frame structure 2: excluding special fields(UpPTS))
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The timing is taken from the EVM for the data. 6 of those results are achieved from the samples. In general the timing is not the same for each result.

E.4.6.2
Final average for EVM DMRS
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E.5
EVM and inband emissions for PUCCH

For the purpose of worst case testing, the PUCCH shall be located on the edges of the Transmission Bandwidth Configuration (6,15,25,50,75,100 RBs).

The EVM for PUCCH (EVMPUCCH) is averaged over 20 slots. At least 20 consecutive TSs shall be transmitted by the UE without power change. SRS multiplexing shall be avoided during this period. Although discontinuous in the frequency domain due to band edge alternation, the signal in the time domain is continuous in power. So EVMPUCCH  is measured without power change. Transition periods are not applicable. 

The description below is generic in the sense that all 6 PUCCH formats are covered. Although the number of OFDM symbols in one slot is 6 or 7 (depending on the cyclic prefix length), the text below uses 7 without excluding 6.

E.5.1
Basic principle
The basis principle is the same as described in E.2.1 

E.5.2
Output signal of the TX under test
The output signal of the TX under test is processed same as described in E.2.2

E.5.3
Reference signal
The reference signal is defined same as in E.2.3. Same as in E.2.3, i1(ν)    is the  ideal reference for EVMPUCCH and i2(ν)   is used to estimate the FFT window timing.

Note PUSCH is off during the PUCCH measurement period.

E.5.4
Measurement results
The measurement results are:

-
EVMPUCCH
-
Inband emissions with the sub-results: General in-band emission, IQ image (according to: 36.101. Annex F.4, Clause starting with: “At this stage the ….”)

E.5.5
Measurement points

The measurement points are illustrated in the figure below:
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Figure E.5.5-1

E.5.6
Pre FFT minimization process 

The pre FFT minimisation process is the same as describes in clause E.3.1.

RF error, and carrier leakage are necessary for best fit of the measured signal towards the ideal signal in the pre FFT domain. However they are not used to compare them against the limits. 

E.5.7
Timing of the FFT window

Timing of the FFT window is estimated with the same method as described in E.3.2.

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).

E.5.9
Derivation of the results

E.5.9.1
EVMPUCCH
For EVMPUCCH  create two sets of Z’(f,t)., according to the timing ” 
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[image: image69.wmf]c

~

D

 +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)
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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 


[image: image72.wmf](

)

t

g

I

,

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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E.5.9.2
Averaged EVMPUCCH
EVMPUCCH is averaged over all basic EVMPUCCH measurements
The averaging comprises 20 consecutive UL slots (for frame structure 2: excluding special fields(UpPTS))
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The averaging is done separately for timing¦ 
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is compared against the test requirements.
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


[image: image84.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 inband emissions below the allocated frequency block and the lower one the inband emissions above the allocated frequency block.
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OFDM symbols in 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 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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is the number of allocated RBs, which is always 1 in case of PUCCH
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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.

E.6
EVM for PRACH

The description below is generic in the sense that all 5 PRACH formats are covered. The numbers, used in the text below are taken from PRACH format#0 without excluding the other formats. The sampling rate for the PUSCH, 30.72 Msps in the time domain, is re-used for the PRACH. The carrier spacing of the PUSCH is 12 times of the PRACH. This results in an oversampling factor of 12, when acquiring the time samples for the PRACH. The pre-FFT algorithms (clauses E.6.6 and E.6.7) use all time samples, although oversampled. For the FFT the time samples are decimated by the factor of 12, resulting in the same FFT size as for the other transmit modulation tests (2048). Decimation requires a decision, which samples are used and which ones are rejected. The algorithm in E.6.6, Timing of the FFT window, can also be used the decide about the used samples.
E.6.1
Basic principle 

The basis principle is the same as described in E.2.1 

E.6.2
Output signal of the TX under test 

The output signal of the TX under test is processed same as described in E.2.2

The measurement period is different:

· 2 PRACH preambles are recorded for format 0and 1,

· 1 PRACH preamble is recorded  for format 2 and  3, each containing 1 CP and 2 preamble sequences

· 10 RPRACH preambles are recorded for format 4.

E.6.3
Reference signal 

The test description in 6.5.2.1.4.1A is based on non contention based access:

· PRACH configuration index (responsible for Preamble format, System frame number and subframe number)

· Preamble ID

· Preamble power

· signalled to the UE, defines the reference signal unambiguously, such that no demodulation process is necessary to gain the reference signal.

The reference signal i(ν)  is constructed by the measuring equipment according to the relevant TX specifications, using the following parameters: the applicable Zadoff Chu sequence, nominal carrier frequency,  nominal amplitude and phase for each subcarrier, nominal timing, no carrier leakage. It is represented as a sequence of samples at a sampling rate of 30.72 Msps in the time domain.

E.6.4
Measurement results

The measurement result is:

· EVMPRACH  

E.6.5
Measurement points

The measurement points are illustrated in the figure below:
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Figure E.6.5-1

E.6.6
Pre FFT minimization process 

The pre-FFT minimization process is applied to each PRACH preamble separately. The time period for the pre- FFT minimisation process includes the complete CP and Zadoff-Chu sequence (in other words, the power transition period is per definition outside of this time period) Sample timing, Carrier frequency and I/Q offset in z(ν) are jointly varied in order to minimise the difference between z(ν) and i(ν). Best fit (minimum difference) is achieved when the RMS difference value between z(ν) and i(ν) is an absolute minimum.

After this process the samples z(ν) are called z0(ν).

RF error, and carrier leakage are necessary for best fit of the measured signal towards the ideal signal in the pre FFT domain. However they are not used to compare them against the limits.

E.6.7
Timing of the FFT window

The FFT window length is 24576 samples for preamble format 0, however in the measurement period is at least 27744 samples are taken.  The position in time for FFT must be determined.

In an ideal signal, the FFT may start at any instant within the cyclic prefix without causing an error. The TX filter, however, reduces the window. The EVM requirements shall be met within a window W<CP. 

The reference instant for the FFT start is the centre of the reduced window, called  
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EVM is measured at the following two instants: 
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The timing of the measured signal z0(ν) with respect to the ideal signal i(ν)  is determined in the pre FFT domain as follows:

Correlation between z0(ν) and i(ν)  will result in a correlation peak. The meaning of the correlation peak is approx. the “impulse response” of the TX filter. The correlation peak, (the highest, or in case of more than one, the earliest) indicates the timing in the measured signal with respect to the ideal signal.

W is different for different preamble formats and shown in TableE.6.7-1.
Table E.6.7-1EVM window length for PRACH

	Preamble format
	Cyclic prefix length1 
[image: image103.wmf]cp
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	Nominal FFT size2
	EVM window length W in FFT samples
	Ratio of W to CP*

	0
	3168
	24576
	[TBD]
	[TBD]

	1
	21024
	24576
	[TBD]
	[TBD]

	2
	6240
	49152
	[TBD]
	[TBD]

	3
	21024
	49152
	[TBD]
	[TBD]

	4
	448
	4096
	[TBD]
	[TBD]

	Note 1: 
The unit is number of samples, sampling rate of 30.72MHz is assumed
Note 2: 
Decimation of time samples by 12 is assumed

Note 3: 
These percentages are informative


The number of samples, used for FFT is reduced compared to z0(ν).  This subset of  samples is called z’’(ν).

The sample frequency 30.72 MHz is oversampled with respect to the  PRACH-subcarrier spacing of 1.25MHz. EVM is based on 2048 samples per PRACH preamble and requires decimation of the time samples by the factor of 12. The final number of samples per PRACH preamble, used for FFT is reduced compared to z’’(ν) by the factor of 12. This subset of  samples is called z’(ν).

E.6.8
Post FFT equalisation

Equalisation is not applicable for the PRACH.

E.6.9
Derivation of the results

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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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 4 EVMPRACH value can be derived, 2 values for the timing 
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E.6.9.2
Averaged EVMPRACH

EVMPRACH is averaged over all basic EVMPRACH measurements
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(i= 2 applies for format 0,1,2,3. i= 10 applies for format 4)

The averaging is done separately for timing¦ 
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is compared against the test requirements.
E.7
 EVM with exclusion period
E.7.1 General:

EVM with exclusion periods is defined in clause 6.5.2.1.1, third paragraph.  For PUCCH and PRACH entire symbols are excluded, if applicable. For PUSCH fractions of symbols are excluded, if applicable. The exclusion period for PUSCH is defined at the air interface, leading to exclusion periods in the EVM domain. The necessary mapping is described in this clause.

E.7.2 The model

The exclusion period in the time domain has corresponding periods in the quasi time domains (Table E.7.2). The mapping of corresponding periods needs only scaling and cyclic shifting.
The algorithm below uses a sampling frequency 30.72 MHz and FFT-width 2048 for all bandwidths. Bandwidth-adapted sampling frequencies and FFT-widths are not excluded. Only normal cyclic prefix is mentioned in the model without  excluding the extended CP.

Table. E.7.2: Model for mapping exclusion period in the time domain
	
	TX
	Channel
	EVM meter

	operation
	
	DFT
	
	iFFT
	
	
	FFT
	
	iDFT
	

	meaning
	Modula

tion  symbols
	
	Precoded symbols
	
	BB

samples
	BB

samples
	
	Precoded symbols
	
	demodula

ted  symbols

	No of samples
	allocated

Sub

carriers
	
	allocated subcarriers

+

unallocated subcarriers

=

2048
	
	allocated subcarriers

+

unallocated subcarriers

+

CP samples
	2048, position

depen

ding on EVM window
	
	allocated sub

carriers


	
	allocated

sub

carriers

	Domain
	Quasi time domain
	
	Frequency domain
	
	Time domain
	Time domain
	
	Frequency domain
	
	Quasi time domain

	text below
	
	1
	2
	3
	4
	7
	7
	8
	9
	11


1. A sequence of complex valued modulation symbols are Transform-Precoded (DFT) according to 36.211 clause 5.3.3. The size of this transformation is the number of allocated subcarriers.

2. The outcome of (1) is supplemented by 0 for the non allocated subcarriers. In sum 2048 subcarriers. 

3. The baseband time signal (without CP) is then calculated by a iFFT according to 36.211 clause 5.6

4. (3) is then supplemented by a cyclic prefix (144 or 160 samples) leading to 2192  or 2208 samples. (144 CP samples = 144 tail samples from the data field)

5. (4) is transmitted over the channel and sampled by the EVM meter.

6. In case of an exclusion period those samples of (5) are marked, where the exclusion applies. The exclusion period is an unbroken leading or lagging exclusion period next to a subframe or timeslot boarder.

7. Depending on early or late EVM-window a subset of  2048 samples (out of 2192  or 2208 samples)  are the input for the subsequent FFT . These samples may or may not comprise marked samples. The result are 2048 frequency domain samples. 

8. The non allocated subcarriers are removed from the 2048 samples.

9. (8) is then iDFT transformed. The result are demodulated complex valued symbols in the same domain as (1)
10. Step 7, 8 and 9 are modified by an equalizer algorithm.

For the purpose of this clause, the equalizer partly re-does step 4 (CP insertion):

The equalizer algorithm cuts that subset of CP samples, covered by the FFT, from the head and copies it to the tail of the data field. 
11. The result of (10) is: complex valued symbols in the same sequence as in (1) They are compared with (1) symbol by symbol for EVM. Due to exclusion in the time domain (6) we have marked corresponding symbols, which are disregarded for EVM.

12. From step 1 to 4 the number of samples is expanded.  A subset of expanded samples is marked as excluded.  Form step 6 to step 9 the number of samples is compressed, leading to a non integer number of samples, marked as excluded. The number of marked samples in this domain is rounded up at the expense of the EVM samples

E.7.3 Illustration
The figures below illustrate the cyclic shift due to the equalizer but disregard the scaling.
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Fig. E.7.3-1:  leading exclusion period 


[image: image120]
Fig. E.7.3-2:  lagging exclusion period 

E.7.4 Formula
Formula for leading exclusion:

Number of samples, to be disregarded for EVM at the start  = ┌Data excluded *R┐
Index of first sample, to be disregarded for EVM at the End = └(2047- CP excluded) *R┘
Formula for lagging exclusion:

Index of first sample, to be disregarded for EVM = └ (2047- exclusion) *R┘
Index of last sample, to be disregarded for EVM = ┌(2047- out of window) *R┐
Legende

Exclusion, Data excluded, CP excluded,  are defined in the illustration

Scaling factor R:

The Ratio of  Quasi-Time domain samples to RF time domain samples is

 R =  12* LCRBs  /   2048,   with LCRBs   number of allocated resource blocks  
The round up (┌ ┐) and round down (└ ┘) signs are necessary, since the ratio R is <1 and produces non integer samples.

The exclusion period is defined in μs. In these formulas it is converted into No of samples and rounded up, if non integer.

E.7.5 Examples
Example 1
Symbol 0: 160 CP samples staring from index 0, then  2048 data samples 

Early EVM: first FFT sample: index 22

BW 10 MHz, full allocation: 600 subcarriers ( R=600/2048

Leading exclusion 25μs ( 768 samples 

Out of window:     0 to 21      (22 samples)

CP excluded:       22 to 159    (138 samples)

Data excluded:   160 to 767    (608 samples)

(indices are indices in the entire symbol: 0 to 2207)

No of samples, disregarded at the start  = ┌Data excluded *R┐ = 179 

(samples index 0 to 178)

Index of first sample, disregarded at the end = └(2047- CP excluded) *R┘=  559

(Indices are indices in the EVM domain: 0 to 599)
Example 1a

same as 1, but 12 RBs allocated: 144 subcarriers ( R=144/2048

No of samples, disregarded at the start  = ┌Data excluded *R┐ = 43 

(samples index 0 to 42)

Index of first sample, disregarded at the end = └(2047- CP excluded) *R┘=  134

(Indices are indices in the EVM domain: 0 to 143)

Example 1b

same as 1, but 1 RB allocated: 12 subcarriers ( R=12/2048

No of samples, disregarded at the start  = ┌Data excluded *R┐ = 4 

(samples index 0 to 3)

Index of first sample, disregarded at the end = └(2047- CP excluded) *R┘=  11

(Indices are indices in the EVM domain: 0 to 11)

Example 2
Symbol 6: 144 CP samples
Early EVM: first FFT sample: index 6    last  FFT sample: index 2053

BW 10 MHz, full allocation: 600 subcarriers ( R=600/2048

Lagging exclusion 25μs ( 768 samples

Out of window:     2054  to 2191      (138 samples)

CP excluded:       2048 to 2053    (6 samples)

Data excluded:   1280 to 2047    (624 samples)

(Indices are indices in the entire symbol: 0 to 2191)

Index of first sample, disregarded  = └ (2047- exclusion) *R┘ = 374
Index of last sample, disregarded  = ┌(2047- out of window) *R┐= 560

(Indices are indices in the EVM domain: 0 to 599)
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