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1. Introduction:

In the following a first text proposal for the Global In-channel TX-Test is presented for inclusion in 36.141.

2. Text Proposal to TS 36.141:
Annex E
Global In-Channel TX-Test
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.2.1
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 and illustrations as examples. These numbers are taken from frame structure 1 with normal CP length and the maximum bandwidth. The application of the text below, however, is not restricted to this parameterset.
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 subframes: z(ν). It is modelled as a signal with the following parameters:  nominal data content, carrier frequency,  amplitude and phase for each subcarrier. 
E.2.3
Reference signal

The reference signal is constructed by the measuring equipment according to the relevant TX specifications, using the following parameters: nominal data content, nominal carrier frequency,  nominal amplitude and phase for each subcarrier.  It is represented as a sequence of samples at a sampling rate of 30.72 Msps in the time domain: i(ν). The structure of the signal is described in the testmodells.  

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)
· Resource Element TX power
· Sampling frequency error Note: this is FFS
Other side results are: residual  amplitude- and phase response of the TX chain after equalisation.

E.2.5  Measurement points
Resource element TX power is measured after the FFT as described below. EVM is calculated after the Equalizer (Ampl./ Phase correction). The result of the frequency synchronisation is the frequency offset. It is performed in the pre- and/or post-FFT domain. The FFT window of 2048 samples out of 2194 samples (data +CP) in the time domain is selected in the box CP removal.   
Figure E.2.5: Measurement points
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E.3.1 Pre FFT minimization process

Sample Timing, Carrier Frequency [and Sampling Frequency, FFS] 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  is  the measurement result: Carrier Frequency Error.
The best fit process extends over one subframe (1ms). Hence the aquired signal can deliver 10 Carrierr Freqency Errors. 

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. 14 FFTs (28672 samples) cover less than the acquired number of samples (30720 samples in 1 subframe) 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. There are three different instants for FFT:

Centre of the reduced window, called  
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,   ΔC –W/2 and ΔC +W/2 with W<CP, .  
The BS shall transmit a signal according to the Test models, intended for EVM, comprising the maximum available bandwidth. The primary synchronisation signal and the reference signal shall be used to find the centre of the FFT window. 
Note: The detailed algorithm, to derive the centre of the reduced window is FFS?
E.3.3 Resourse Element TX power

Perform FFT (z’(ν))  with the FFT window timing
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The result is called Z’(t,f). The RE TX power is then defined as
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E.3.3 Post FFT equalisation
Perform 140 FFTs on z’(ν), one for each OFDM symbol comprising the full frame with the FFT window timing
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. The result is an array of samples, 140 in the time axis t times 2048 in the frequency axis f. 
The equalizer coefficients 
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 are determined as follows:
1. time averaging at each reference signal subcarrier of the amplitude and phase of the reference symbols, the time-averaging length is 10 subframes This process creates an average amplitude and phase for each reference signal subcarrier (i.e. every third subcarrier with the exception of the reference subcarrier spacing across the DC subcarrier).
2. The equalizer coefficients for amplitude and phase 
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 at the reference signal subcarriers  are obtained by computing the moving average in the frequency domain of the time-averaged reference signal subcarriers, i.e. every third subcarrier. The moving average window size is 19. For reference subcarriers at or near the edge of the channel the window size is reduced accordingly as per figure E.6-1. 
3. performing linear interpolation from the equalizer coefficients 
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 to compute coefficients 
[image: image12.wmf])

,

(

~

f

t

a

, 
[image: image13.wmf])

,

(

~

f

t

j

 for each subcarrier.
The  equalized samples are called Z’eq(f,t). 


Figure E.3.3: Reference subcarrier smoothing in the frequency domain

E.4.1 EVM

For EVM  create two sets of Z’eq(f,t)., according to the timing ”ΔC –W/2 and ΔC +W/2”, using the equalizer coefficients from E.3.3
The equivalent ideal samples are called I(f,t).
The EVM is the difference between the ideal waveform and the measured and equalized waveform.
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where
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 is the set of symbols with the considered modulation scheme being active within the subframe,
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is the set of subcarriers within the 
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 resource blocks with the considered modulation scheme being active in symbol t, 
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 is the ideal signal reconstructed by the measurement equipment in accordance with relevant Test models,
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 is the equalized signal under test.
Note1: 
Although the basic unit of measurement is one subframe, the equalizer is calculated over the entire 10 subframes measurement period to reduce the impact of noise in the reference symbols. 

Note 2: One EVM value comprises 12 subcarriers times 2 slots = 168 resource elements. 8 Reference-REs and further 10  Control Channel-REs in the in the 1st  OFDM symbol in the  1st TS in each subframe are excluded from the EVM calculation, as they do not generally carry the modulation scheme under consideration. The remaining 150 RE carry the intended modulation scheme. 

In addition the centre 7 RBs in the first 2 slots of the frame are excluded from the EVM calculation, as they carry partly the  Synch- and PBCH, and leave less than 150 PDSCH-REs for EVM calculation. They are excluded to avoid weighted averaging in clause E.4.2.  
E.4.2
Averaged EVM

EVM is averaged over all allocated and complete resource blocks  with the considered modulation scheme in the frequency domain, and 10 consecutive downlink subframes (10 ms):
A complete resource block contains 150 PDSCH-REs of the considered modulation scheme (Note 2 in clause E.4.1) 
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Where Ni is the number of resource blocks with the considered modulation scheme in subframe i.
The EVM requirements should be tested against the maximum of  the RMS average at the window W extremities of the EVM measurements:

Thus 
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  is calculated using 
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in the expressions above and 
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. (l and h, low and high. Where l is the timing ΔC –W/2 and and high is the timing ΔC +W/2)
Thus we get:
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For TDD special fields (DwPTS and GP) are not included in the averaging.
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Reference subcarriers







The second reference subcarrier is the average of the first three subcarriers







The first reference subcarrier is not averaged







From the 10th subcarrier onwards the window size is 19 until the upper edge of the channel is reached and the window size reduces back to 1







The subsequent 7 subcarriers are averaged over 5, 7 .. 17 subcarriers












_1249211157.unknown

_1223884676.unknown

_1243902080.unknown

_1243902102.unknown

_1243901028.unknown

_1237042022.unknown

_1223884663.unknown

