

4

3GPP TSG RAN4 #45
R1-072120
November 5th – 9th, 2007
Jeju, Korea
Agenda item: 
6.2.2.2
Source: 
Qualcomm Europe
Title: 
LTE UE Time Window  
Document for:

Approval
1
Introduction
In order to verify the availability of sufficient cyclic prefix duration, in the transmitted DL signal, the eNB methodology [2] requires the EVM to be tested at the endpoints of a time window, where the time window length is chosen to be slightly below the cyclic prefix duration. The definition of the center of that time window is currently being discussed.  

Even though the uplink signal is not OFDM, the availability of the cyclic prefix is just as important because of the frequency domain processing/equalization in the eNB receiver. Therefore it would be beneficial to use a similar EVM time window approach for the UE transmit signal quality requirement [1] as was used for the eNB. 
In the following, we give a related text proposal for TR36.803.  The changes were based on [1] [2]. 
2
Text Proposal
6.8 Transmit modulation

E-UTRA Background

Transmit modulation defines the modulation quality for expected in-channel RF transmissions from the UE 
Transmit modulation defines the modulation quality for expected in-channel RF transmissions from the UE.  This transmit modulation limit is specified in terms of an Error Vector Magnitude (EVM) for the allocated resources blocks (RBs) and in terms of in-band emissions for the non-allocated RBs.
E-UTRA requirements
Measurement point
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.

[image: image1.emf]DFT  

IFFT  

TX      Front - end  

C hannel  

RF  correction  

FFT  

Tx - Rx chain  equalizer  

In - band  emissions  meas.  

EVM  meas.  

0  

0  

…  … …  

IDFT  

DUT  Tx   Test equipment  Rx  

…  … …  

…  … …  

…  … …  

Modu lated  symbols  


Figure 6.8.1-1: EVM measurement points
Basic Error Vector Magnitude measurement

The EVM is the difference between the ideal waveform and the measured waveform for the allocated RB(s)
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 modulation symbols with the considered modulation scheme being active within the measurement period,
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 are the samples of the signal evaluated for the EVM as defined in the subsection 6.8.4(ii),,
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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.
The basic EVM measurement interval is defined over one [slot] in the time domain except when the mean power between [slot] is expected to change due to power control 

i. Basic in-band emissions measurement

The in-band emissions are a measure of the interference falling into the non-allocated resources blocks 
For the non-allocated RBs below the allocated frequency block the in-band emissions would be measured as follows
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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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) is the lower (resp. upper) edge of the UL system BW, 
c is the lower edge of the allocated BW, and 
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 is the frequency domain signal evaluated for in-band emissions as defined in the subsection (ii)
The relative in-band emissions are, given by
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whereand
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 is the number of allocated  RBs 
The basic in-band emissions measurement interval is defined over one [slot] in the time domain except when the mean power between [slot] is expected to change due to power control 

ii. Modified signal under test

To minimize the error, the signal under test should be modified with respect to a set of parameters following the procedure explained below.

The UL EVM analyser shall
· estimate and correct a sample timing offset from the signal under test,

· the signal should also be modified for a fixed gain and phase offset representing the difference in rms amplitude and phase reference between the measured and ideal signals.
· estimate and correct the RF frequency offset,

· apply an FFT of appropriate size.
· The IQ origin offset shall be removed from the evaluated signal before calculating the EVM and the in-band emissions; however, the removed relative IQ origin offset power (relative carrier leakage power) also has to satisfy the applicable requirement. 
At this stage the allocated RBs shall be separated from the non-allocated RBs. The signal on the non-allocated RB(s), 
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, is used to evaluate the in-band emissions. 

Moreover, the following procedure applies only to the signal on the allocated RB(s). To obtain 
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 the UL EVM analyzer shall then

· estimate the Tx-Rx chain equalizer coefficients for all subcarriers of the allocated RBs with the reference signal. The frequency domain smoothing of the equalizer coefficients is for further study.

· carry out a zero-forcing equalization, and

· apply an IDFT of appropriate size. 
The above procedure is described in more detail below

The target modified signal under test defined as
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where
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 is the time domain samples of the signal under test.


[image: image24.wmf]t

~

D

 is the sample timing difference between the FFT processing window in relation to nominal timing of the ideal signal.


[image: image25.wmf]f

~

D

 is the RF frequency offset.
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 is the amplitude response of the TX chain.

In the following  
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 represents the middle sample of the EVM window of length 
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 (defined in 6.8.1.1.6)  or the last sample of the first window half if 
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is even.

The EVM analyser shall

· detect the start of each subframe and estimate 
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· determine 
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  so that the EVM window of length 
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 is centred on  the measured cyclic prefix of the considered OFDM symbol. 

This is done by

· FFS
Note: Estimation of  
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 based on EVM minimisation instead of impulse response is ffs

To determine the other parameters a sample timing offset equal to 
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 is corrected from the signal under test. The EVM analyser shall then

·  correct the RF frequency offset 
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for each subframe,

· estimate the TX chain equalizer coefficients 
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 used by the ZF equalizer for all subcarriers by

1. [FFS]
At this stage estimates of 
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is even. The EVM analyser shall then

· calculate EVMl with 
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· calculate EVMh with 
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6.8.1.1.5 
Timing offset

As a result of using a cyclic prefix, there is a range of
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, which, at least in the case of perfect Tx signal quality, would give close to minimum error vector magnitude.  As a first order approximation, that range should be equal to the length of the cyclic prefix.  Any time domain windowing or FIR pulse shaping applied by the transmitter reduces the 
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 range within which the error vector is close to its minimum. 

6.8.1.1.6
Window length

The window length 
[image: image59.wmf]W

 affects EVM, and could be expressed as a certain percentage of the configured cyclic prefix length. In the case where equalization is present, as with frequency domain EVM computation, the effect of FIR is reduced. This is because the equalization can correct most of the linear distortion introduced by the FIR. However, the time domain windowing effect can’t be removed. 

6.8.1.1.6.1
Window length for normal CP

[FFS]
6.8.1.1.6.2
Window length for Extended CP

[FFS]

iii. Minimum requirement for the allocated resources blocks 

The EVM requirement is a measure of difference the reference waveform and the measured waveform for the allocated resources blocks. The EVM for the wanted resource block allocation is a measure of the modulation accuracy for the wanted signal.
The RMS average of the basic EVM measurements for [10] consecutive sub-frames for the different modulations schemes shall not exceed the values specified in Table 6.8.5-1 for the test parameters defined in Table 6.8.5-2
Table 6.8.5-1: Minimum requirements for allocated resource blocks
	Parameter
	Unit
	Level

	QPSK 
	%
	[17.5-20]

	16QAM 
	%
	[10-14]

	64QAM 
	%
	[tbd]


Table 6.8.5-2: Test parameters

	Parameter
	Unit
	Level

	UE Output Power
	dBm
	( -30

	Operating conditions
	
	Normal conditions

	Power control step size
	dB
	[tbd]

	Basic measurement period (Note 1,2)
	[slot]
	[] ms

	
	
	

	Note 1:
Less any [ ]μs transient periods

Note 2:     [ ]ms for generic frame structure  type 1 and [ ] ms for frame structure type 2



iv. Minimum requirement for the LO leakage

One possible way of addressing LO leakage is to define a corresponding parameter that is matched as part of the EVM optimization process. This means measuring the carrier leakage coefficient and subtracting the corresponding signal even before the FFT operation. In other words, the error minimization step also includes selecting a carrier coefficient offset besides selecting the frequency, time offset and equalizer coefficients to minimize the error vector.  The carrier coefficient offset is the phase and amplitude of an additive sinusoid waveform that has the same frequency as the reference waveform carrier frequency. The estimated carrier coefficient offset shall be removed from the evaluated signal before further processing; however, the removed carrier coefficient offset amplitude also has to satisfy the applicable requirements.

Due to the half tone offset defined for the E-UTRA UL, measuring the DC value after the front-end FFT is not more accurate than measuring the carrier coefficients before the front-end FFT. But both implementations would give identical results.

Note also that the LO leakage measurement can be carried out irrespective of whether the allocated UL RBs contain the DC tone or not.

The proposed requirement for the LO leakage would be as shown in the following table:

Table 6.8.6-1: Minimum requirements for LO-leakage (IQ origin offset)
	
	Relative Limit (dBc)
	Absolute Limit (dBm)

	LO Leakage
	[TBD]
	[TBD]


v. Minimum requirement for non-allocated resources blocks

The in-band emission is defined as an average across 12 tones and as a function of the RB offset from the edge of the allocated UL block.

The in-band emission is measured as dB value comparing the PSD in the allocated RB(s) and s non-allocated RB

The in band emissions are determined directly from the front-end FFT output, therefore there is no need to consider any impact of frequency domain equalization. 

The measured in-band emissions would be compared to the requirements shown in the following table:

Table 6.8.7-1: Minimum requirements for in-band emissions
	Relative emissions ( non-allocated PSD / allocated PSD in dB )
	Absolute emissions (dBm/180kHz)
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	TBD


Few examples are provided below:

[image: image61.emf]10MHz, 10RBs allocated in the center of the band

 [image: image62.emf]5MHz, 5RBs allocated in the left of the band 5MHz, 5RBs allocated in the left of the band


Figure 6.8.7-2: Examples of in-band emission requirements
4
Conclusions

We gave text proposals to introduce the EVM evaluation time window approach for the UE. In order to show the details of the time window definition, some aspects of the equalizer definition was also included.   
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