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1 Introduction
At the RAN WG4#42bis meeting a number of contributions on measurement methodology and results were presented for the UL with no agreed conclusion.  In the DL some progress was made in terms of defining a reference receiver for the DL EVM measurement which was also applicable for the UL case. 

 This document tries to combine the different proposals from the WG4#42bis meeting in order to progress the discussions to define an UL EVM requirement. A text proposal for TR36.803 is provided for discussion and approval

2 EVM results

Below is the summary of some of the EVM results based on throughput presented in previous RAN4 meetings 

In [1] System simulations used to evaluate effects of EVM impairments on throughput. While the EVM notation was based on in-band noise, the impact of both in-band and out of band impairments were modeled in the system simulations.  Based on these simulation results the proposed EVM was;

-
Overall QPSK/16QAM better than 
14 % (17dB)
In [2] link level analyses were used to evaluate the effects of EVM impairment on system throughput. It was proposed that a reasonable requirement for EVM from a link performance point of view and from an implementation point of should be;

-
16QAM




12-14 %
-
In line with suggested requirements for 16QAM modulation in HSPA evolution UL 
In [3] Based on the analysis in [4, 5] The following EVM limits could be used as working assumptions. 

-
QPSK  




20% (14dB)

-
16QAM




14% (17dB)

-
Per RB ISSL for non-allocated RB(s)
-25 dB

 
In [4] Link level analysis was provided for LTE UE EVM requirements.  The proposed EVM values are listed as follows: 
-
QPSK Transmission: 


17%

-
16QAM Transmission: 


10%

In summary, depending on the simulation assumptions assumed in the throughput analysis the proposed EVM range for 10% to 14% for 16QAM. It proposed these values are used in the following sub-sections to define the associated test methodology taking into account the key UE interference mechanisms. 

3 UE Interference Model 
Through UE transmitter modelling, 3 distinct and relatively independent interference mechanisms are observed which need to be addressed as shown in figure 3 below. These distinct sources suggest 3 different specifications that would be appropriate for UE uplink transmitter EVM requirements.  They are:

1. Interference that falls into the UE own resource block(s)
2. Interference into a specific resource block(s) not occupied by the UE due to image and LO noise impact.
3. Iinterference falling into a resource block in particular in a non-allocated centre resource block due to LO leakage (excluding any image contribution)

[image: image1]
Figure 3:  full /sub band transmission case.
4 EVM performance methodology 
Taking into account the EVM results and interference mechanism identified in previous sections, the following proposals have been presented to define a minimum performance requirement. In this section we briefly describe the different proposals and provide an overview comment. The goal is to develop an EVM methodology which defines the key requirements taking into account the different proposals; 
4.1 Option 1

In [5].Three UE modulation accuracy + ACLR specifications are proposed:  
1. The modulation accuracy for the wanted signal  in terms of EVM

a. Here the requirement is defined for a sub-set of RB(s) in terms of EVM for 16QAM/QPSK modulation. The sub-set of RB(s) would exclude the contributions from image and LO leakage which are specified separately. 
2. The modulation accuracy for the unwanted image interference.  

a. This is similar to the ISSL approach but would exclude and  LO noise contribution
b. Note the ALCR   performance would guarantee performance in the adjacent RB so this aspect so this aspect is covered hence only image (excluding LO noise) needs to be addressed.  
3. General out of band RB interference to account for the LO leakage, residual noise , etc   
a. This is similar to the ISSL approach but only focused on the LO interference. This is specified separately since this is an unwanted emission resulting from 1/Q imbalance due to direct conversion and not directly linked to the modulation quality or PA non–linearity but would affect system throughput if excessive
4.2 Option 2
In [3] Two UE modulation requirements are proposed;
1. A Multi user EVM definition: 
a. EVM includes all unwanted signal components emitted by the UE in the whole system band. The EVM of a UE is obtained via the deviation between reference and measured signal at the EVM measurement point, summed over all available virtual sub carriers in the system band
b. Separate EVM requirement  for the different modulation for 16QAM and QPSK

2. An ISSL type requirement in order to make sure that emissions on all non-allocated resource blocks are at an acceptable level 
a. This requirement would cover the image interference and LO emission contribution

4.3 Option 3
In [6] propose to use two different measures of the in-band unwanted emissions:

1. One test of the total EVM for all RB(s), including both allocated and un-allocated ones.
a. The number of allocated RB(s) to use in this test is FFS, but it is likely that only one setting is needed, e.g. 1/3 or 1/4 of the total available number of RB(s). With reasonable levels of the conditions and the requirements, it is possible that the second test can replace a separate EVM test of the own signal when occupying all resource blocks, but that is also FFS
2. One test of maximum ISSL over the un-allocated RB(s)
4.4 Option 4
In [7] proposes a revised structure for the UE EVM requirements and proposes 5 requirements.
1. EVM for full resource block allocation for PUSCH (excluding resource allocated for PUCCH)
a. Separate requirements for the different regulatory bandwidths (1.25, 5, 10, 15, 20) 

b. Separate EVM requirements for 16QAM (14%) and QPSK 

c. Separate requirements for AWGN and a EVM test channel  which was FFS
2. EVM for partial resource block allocation approximately 1/3 BW (excluding channel allocated for the PUSCH)
a. Maximum modulation format according to the UE capability

b. AWGN propagation channel only

3. EVM measured on all resource blocks (excluding resource allocated for PUCCH)
a. The EVM shall not exceed the minimum requirements for output powers down to [-30] dBm.
4. EVM measured on single resource block for any of these unallocated resource blocks
a. The EVM shall not exceed the minimum requirements for output powers down to [-30] dBm.
5. EVM measured on center (LO leakage) resource blocks (If requirements are different from 4)
a. The EVM corresponding to one single resource block containing (if the total number of resource blocks in the band is an odd number), or immediately adjacent to the band center (if the total number of resource blocks in the band is an even number
b. The EVM shall not exceed the minimum requirements for output powers down to [-30] dBm.
4.5 Summary of proposals
In general the 4 proposal in the previous section try to capture and set the requirements for the 3 main degradation mechanisms; a) wanted or allocated RB, b) unwanted or unallocated RB (mainly image) and c) general RB requirements (mainly carrier leakage). The 3 main degradation mechanisms are relatively independent if specified correctly.
 Some comments;  
· In Option 1 Defining test requirements for a) wanted RB(s) which encompass all RB(s)

· This would by definition include the interference contributions from the other two mechanisms so the all RB allocation requirement would need to be overtly relaxed relative to a requirement which only measures over a sub-set of RB(s). Of course if the degradation due to b) and c) are low then this increase would not be significant but then it that case we would not need an additional test for b) and c).  So in this case the value of defining a requirement for all RB(s) may not be useful. 

· Alternatively if the requirements for b) or particular c) are need to be significantly tight due to system performance then the EVM requirements for all RB(s) would also unnecessary be tighten from the current range of 10-14 % EVM (16QAM). So in this case the value of defining a requirement for all RB(s) may not be useful. 
· The other main issue is this assumes a UE can support a significant number of RB in the UL (which may not be the case depending on UE capability) 

· In option 2 it was proposed EVM requirements for all RB(s) OF 14% (16QAM) and an ISSL value of -25dB per RB. We see for an in-band EVM of about 10%, the RB ISSL is about -24 dB in the worst case.  Therefore in this case the ISSL requirement would be the limiter on performance, not the in-band EVM.  Also ISSL would be limited by the PA non-linearity (and the image distortion) if they happen to pile up in a single RB. Then we also recall the ACLR guarantees performance in the adjacent/alternative RB so this is a dual (excluding SEM) requirement. 
Hence it is preferable we separate the degradation mechanism so they are relatively independent in a manner similar to that proposed in [7] and [5].
5 Conclusion
This document tries to combine the different proposals from the WG4#42bis meeting in a way that is acceptable for all. Account is also taken on of the agreed text proposal to TR36.804 for BS EVM definition and measurement methodology which is provided in Annex A for information so that a similar approach can be used for the UL 

One aspect which is not addressed in the BS EVM definition is the impact power control on an EVM measurement. In WCDMA the UE EVM performance was specified after a power control step change taking into account an allowed transient period of +/-25 us.  For LTE we would need to address this aspect in terms of defining exclusion period (which would need to be shorter) and will require an update in the Rx measurement equalizer to account for this change in amplitude, phase if a change in power (power control step size) is included in the basic EVM measurement. So this aspect would need some further study but can be included in the requirement FFS
A text proposal for TR36.803 is provided for discussion and approval

================ start of text =================

6.8

Transmit modulation

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, the non allocated resources blocks and a non-allocated centre resource block 

6.8.1

Error Vector Magnitude

The Error Vector Magnitude is a measure of the difference between the reference waveform and the measured waveform for the specified resources blocks location(s). Both waveforms pass through the identical measurement equipment, and are modified by selecting the frequency, absolute phase, absolute amplitude and clock timing so as to minimise the error vector. This difference is called the Error Vector Magnitude (EVM).
The basic EVM measurement is defined as the square root of the ratio of the mean error vector power to the mean reference power expressed as a dB value or % as shown below
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Where;
· T is the set of symbols with the considered modulation scheme being active within the [sub-frame/slot]
· F(t) is the set of sub-carriers within the 
[image: image3.wmf]RB

BW

N

 sub-carriers that are measured within the symbol time t. 

· I(t,f) is the ideal signal reconstructed by the measurement equipment and would be set to zero in the case of  measurements on a non allocated RB(s) location
· Z*(t,f) is the optimal Z´(t,f), defined below, that minimizes the error vector
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The basic EVM measurement interval is defined over one [sub-frame/slot] in the time domain and 
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 sub-carriers in the frequency domain except when the mean power between [sub-frame/slot] is expected to change due to power control whereupon the measurement interval is reduced by [ ]μs 
6.8.1.1
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 x.xx for the test parameters defined in Table x.xy
Table x.xx: Minimum requirements for allocated resource blocks
	Parameter
	Unit
	Level

	QPSK 
	%
	[17.5-20]

	16QAM 
	%
	[10-14]

	64QAM 
	%
	[tbd]


Table x.xy: 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)
	[sub-frame/slot]
	[] ms

	Wanted resources blocks (Note3)
	
	

	Note 1:
Less any [ ]μs transient periods
Note 2:     [ ]ms for generic FDD/TDD frame structure and [ ] ms for alternative TDD frame structure 

Note 3:    Location and number  of allocated and non allocated RB(s) will need to be specified and is FFS 




[Note 4 - The assigned resource blocks (1/3 of full RB allocation) would also be placed far from the centre of the RF channel to maximize the frequency spacing between the assigned resource blocks and the LO / image resource blocks] 

6.8.1.2
Minimum requirement for non-allocated resources blocks
The EVM requirement is a measure of differences the reference waveform and the measured waveform for the non-allocated resources blocks. This EVM requirement is needed to minimize the impact on the non-allocated resource blocks due image Interference 
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 x.xx for the test parameters defined in Table x.xy
Table x.xx: Minimum requirements for non-allocated resources blocks
	Parameter
	Unit
	Level

	QPSK 
	dB
	[ -25 ]

	16QAM 
	dB
	[ -25 ]

	64QAM 
	dB
	[ -25 ]


Table x.xy: 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)
	[sub-frame/slot]
	[] ms

	Wanted Resources blocks (Note3)
	
	

	Unwanted Resource blocks (Note 4
	
	

	Note 1:
Less any []μs transient periods

Note 2:     [ ]ms for generic FDD/TDD frame structure and [ ] ms for alternative TDD frame structure 

Note 3:     Location and number  of allocated and non allocated RB(s) will need to be specified and is FFS (1/3 of full RB allocation]
Note 4:      Location and number  of allocated and non allocated RB(s) will need to be specified 




[Note 4 - The assigned and unwanted resource blocks would be placed far from the center of the RF channel to minimize the effects of carrier leakage captured elsewhere.  They would also be placed far from each other to ensure that effects from UE non-linear distortion would not also be captured in this measurement.]
6.8.1.3
Minimum requirement for non-allocated centre resource block
The general EVM requirement is a measure of differences the reference waveform and the measured waveform for the non-allocated centre resources blocks. This EVM requirement is needed to minimize the impact on a non-allocated centre resource block due to carrier leakage and noise
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 x.xx for the test parameters defined in Table x.xy
Table x.xx: Minimum requirements for non-allocated centre resource blocks 
	Parameter
	Unit
	Level

	QPSK 
	dB
	[ -25 - 30 ]

	16QAM 
	dB
	[ -25 - 30 ]

	64QAM 
	dB
	[ -25 - 30 ]


Table x.xy: 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)
	[Sub-frame/Slot]
	[] ms

	Wanted Resources blocks (Note3)
	
	

	Unwanted Resource blocks (Note 4
	
	

	Note 1:
Less any [ ]μs transient periods

Note 2:     [ ]ms for generic FDD/TDD frame structure and [ ] ms for alternative TDD frame structure 

Note 3:      Location and number  of allocated and non allocated RB(s) will need to be specified 
Note 4:      Location and number  of allocated and non allocated RB(s) will need to be specified 


[Note 4 this mechanism is meant to capture the interference falling into unoccupied resource blocks located near the LO or centre of the channel bandwidth.  It is primarily composed of carrier leakage.  In this test, corresponding to one single resource block containing (if the total number of resource blocks in the band is an odd number), or immediately adjacent to the band center (if the total number of resource blocks in the band is an even number]
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7 Annex
A:
BS EVM definition and measurement methodology 

7.1 Introduction

This section provides the agreed text proposal to TR36.804 for BS EVM definition and measurement methodology and is provided for information.  It is reasonable to use a similar approach as for the UE EVM

====================== ===Text Proposal agreed =========================================
6.8.1

EVM

6.8.1.1

Definition

6.8.1.1.1
Measurement system set-up
The measurement system set-up as currently specified in Annex B.1.2 of [24] for measuring UTRA BS EVM, as depicted in Figure 6.8.1.1.1 below, should be used for measuring E-UTRA BS EVM.

[image: image6]
Figure 6.8.1.1.1: Measurement system set up for EVM

6.8.1.1.2
Reference point for measurement

The EVM should be measured at the point after the FFT and a zero-forcing (ZF) equalizer in the receiver, as depicted in Figure 6.8.1.1.2 below [25].


[image: image7]
Figure 6.8.1.1.2: Reference point for EVM measurement
6.8.1.1.3
Basic unit of measurement

Separate EVM requirements should be specified for different modulation schemes. The basic unit of EVM measurement is defined over one sub-frame (1ms for generic frame structure for FDD/TDD and 0.675 ms for alternative frame structure for TDD) in the time domain and 
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 sub-carriers (180 kHz) in the frequency domain: [25, 26]
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Where

· T is the set of symbols with the considered modulation scheme being active within the subframe.

· F(t) is the set of sub-carriers within the 
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 sub-carriers with the considered modulation scheme being active in symbol t. 

· I(t,f) is the ideal signal reconstructed by the measurement equipment in accordance with relevant TX models.

· Z*(t,f) is the optimal Z´(t,f), defined below, that minimizes the EVM, i.e. [25,26]

· 
[image: image11.wmf](
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Note that a resource block consists of 
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 resource elements, corresponding to one slot (0.5 ms for generic frame structure for FDD/TDD and 0.675 ms for alternative frame structure for TDD) in the time domain and 180 kHz in the frequency domain [27], i.e. the basic unit of EVM measurement is defined over two resource blocks.

6.8.1.1.4
Modified signal under test

To achieve best-fit with the ideal signal I(t,f), the signal under test should be modified with respect to a set of parameters: [25]
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Where

· 
[image: image14.wmf])
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 is the time domain samples of the signal under test.

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

· 
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 is the RF frequency offset.

· 
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 is the phase response of the TX-RX chain.

· 
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 is the amplitude response of the TX-RX chain.

6.8.1.1.5
Observation period for sample timing difference and frequency offset

The observation period for determining the sample timing difference 
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 and frequency offset 
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 should be specified in the standards to avoid diverging measurement results from different implementations in the measurement equipments. The working assumption is that the observation period should be [one sub-frame (1 ms for generic frame structure for FDD/TDD and 0.675 ms for alternative frame structure for TDD)].

6.8.1.1.6
Determination of equalizer coefficients
The working assumptions are that the TX-RX chain amplitude and phase responses 
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 used by the ZF equalizer are obtained by using polynomial approximations in the frequency domain, and kept constant within a subframe in the time domain. Separate polynomial approximations for the amplitude and phase or, alternatively, on the I/Q representations of the TX-RX chain transfer function should be used (FFS). 

Low-order polynomial approximations of the TX-RX chain transfer function should be used in order to reflect possible exploitation of channel correlation in the frequency domain within the UE channel estimation and limit the amount of BS TX impairments which can be removed by the equalizer. The working assumption is that polynomials of 5th order (6 coefficients) are used for 5 MHz E-UTRA, and the polynomial order for the other E-UTRA BW options are FFS. The exact polynomials to be used are FFS.

The polynomial coefficients are used as optimization variables within the EVM minimization process. What information in the signal under test and ideal signal (reference signal only or also data symbols) can be used within the measuring equipments for the calculation of the polynomial coefficients and whether this should be specified in the standards are FFS.
6.8.1.1.7
EVM requirements

The EVM requirements should be tested against the RMS average of the EVM measurements over all allocated resource blocks with the considered modulation scheme in the frequency domain, and 10 consecutive sub-frames (10 ms) for FDD and FFS for TDD in the time domain, i.e. [26]
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Where

Ni is the number of resource blocks with the considered modulation scheme in subframe i.

*** Text Proposal End ***
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