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1 Introduction

Error Vector Magnitude, EVM, is a measure that quantifies the distortion of a signal after passing it through a radio transmitter or receiver. Distortions giving rise to EVM can e.g. be phase noise in the synthesizer.

In 3GPP TS 45.005 EVM requirements for peak EVM, 95th percentile EVM and RMS EVM are defined. For RMS EVM there are different requirements depending on modulations, symbol rate and whether the transmitter is a base station or a MS.
Currently there is no RMS EVM requirement for EGPRS2 on the MS side. 

This document evaluates the impact on throughput of different RMS EVM values for EGPRS2-A.
2 Error Vector Magnitude

EVM quantifies the distortion of a signal after passing it through a transmitter or receiver. In GSM/EDGE there are requirements on the maximum allowed distortion of the base station and mobile stations transmitters. In this study only the EVM of the base station is evaluated. 

Assuming that the theoretical modulated signal of a burst is 
[image: image1.wmf])

(

t

R

. The signal received after passing through the transmitter can be described by the model (see Annex G in [1]),
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where
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is a complex constant representing the carrier feedthrough (DC offset).
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is a complex constant representing the arbitrary phase and output power of the transmitter
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is the residual complex error on signal  R(t) on which the EVM is based.
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represents the frequency offset in 
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 radians per second and a constant amplitude change of 
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The received signal is to be compensated with 
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 and filtered before the EVM is calculated. The compensated signal can be written as,
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is the filtered 
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is the filtered 
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is the filtered 
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The filter used is a windowed raised cosine filter specified in [1]. 

The signal is sampled with at least an over sampling of 4 to get the error vector
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The EVM is then calculated on each symbol sample
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. The sample offset used in the oversampled signal is based on minimizing the RMS EVM, see [1].

3 EVM measures
The three EVM measures used in GERAN are: RMS EVM, peak EVM and 95th percentile EVM.

RMS EVM is calculated over each burst as the root mean square of all EVM samples. During a measurement period of at least 200 bursts, the largest RMS EVM is chosen.

The peak EVM is calculated as the peak EVM at symbol time during one burst. The peak EVM needs to be measured and averaged over at least 200 bursts.

To get an indication of the distribution of symbol EVM values, the 95th percentile EVM is defined as the EVM that 95 % of the individual EVM values fall below.
4 Impairment model
In the simulator impairments giving rise to the EVM is modeled. Both transmitter and receiver impairments are modeled. However, this document focuses on the transmitter impairments.
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Figure 1. Transmitter impairments model.

In Figure 1 the different transmitter impairments used are modeled. These include:

1. I/Q modulator phase imbalance (
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2. I/Q modulator gain imbalance (a and b)

3. DC offset (A and B)
4. Phase noise (
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5. Power amplifier (PA)

5 Method

To investigate the impact on EVM and performance of EGPRS2, a link simulator has been used to model both transmitter and receiver impairments.
EGPRS2-A UL has been considered in this document
, which includes modulation and coding schemes modulated with GMSK, 8PSK, 16QAM at normal symbol.

It is assumed that the impairment resulting in the highest degradation given a certain EVM is used in the evaluation. Thus, the performance shown for a certain RMS EVM can be assumed to be better for a mixed impairment model.
E.g. if 8PSK is most sensitive to phase noise, the phase noise is increased until the desired EVM value is met.
Only RMS EVM is evaluated.
The performance has been evaluated using three different receiver assumptions:

1. dual antenna receiver using IRC

2. dual antenna receiver using MRC

3. single antenna receiver
5.1 Impairments

Both transmitter and receiver impairments are included in the simulations. However, only the transmitter impairments are varied and evaluated. The impairment models used as a basis are shown in Table 1.

Table 1. Impairment model base used in the simulations.

	Parameter
	Value

	
	Tx
	Rx

	Phase noise [degreed (RMS)]
	1.5
	0.5

	I/Q gain imbalance [dB]
	0.2
	0.1

	I/Q phase imbalance [degrees]
	1.5
	0.2

	DC offset [dB]
	-45
	-50

	Frequency error [Hz]
	-
	-

	PA model
	Yes
	-


5.1.1 PA model

The model of the PA used has been based on measurements from a real PA implementation. A Rapp model has been used to model the PA compression. Phase distortion from the PA has been modeled by a look-up-table depending on the input amplitude of the signal.
6 Results

6.1 Simulation assumptions

The simulation assumptions used are shown in Table 2.

Table 2. Simulation assumptions.

	Parameter
	Value

	MCS
	MCS-1-6
UAS-7-11

	Channel profile
	Typical Urban (TU)

	Terminal speed
	3 km/h

	Frequency band
	900 MHz

	Frequency hopping
	ideal

	Interference/noise
	DTS-2

	Modulation backoff
	None

	Antenna diversity
	No / 2 atenna receiver

	Equalizer
	DFSE (8PSK)

RSSE (16QAM)

	Tx pulse shape
	Lin GMSK pulse

	Rx filter

  - Bandwidth
	RRC 

   240 kHz

	Impairments
	see Section 5.1.

	Simulation length
	10000 radio block per simulation point.

	Note 1: The 3 dB bandwidth of the RRC filter before windowing.


7 Throughput evaluation

Throughput envelope curves have been used to evaluate the impact of EVM on performance for the whole MCS set of EGPRS2-A.
Integer EVM values have been generated using the impairment giving rise to the highest degradation, see Section 5. Thus, the following results could be seen as a worst case.
The different EVM measures have been simulated at different values, up to, the current requirements for 8PSK, e.g. RMS EVM = 9 % under normal conditions. 
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Figure 2. TU3iFH ideal LA throughput at different RMS EVM for EGPRS2-A UL, IRC (top), MRC (middle) and single antenna (bottom).
EGPRS MCSs
It can be seen that there is no degradation seen for the GMSK MCSs in any of the scenarios investigated. For 8PSK MCSs, MCS-5 and MCS-6, performance degradation well below 1 dB is seen when using IRC.
UAS-X MCSs
Using the impairments set of 5.1 (‘Typ. Tx. imps.’) there is a degradation of, at most 1 dB for the IRC receiver. However, increasing the Tx impairments to RMS EVM levels around 9 % significant degradations can be seen, especially for UAS-11, that experiences a degradation of almost 10 dB at 70 kbps for both an IRC and single antenna receiver. It is worth noting that the peak throughput of 76.8 kbps/TS does not seem possible to achieve for a single antenna receiver if the RMS EVM > 6 %, even at very high C/I levels.
8 Discussion

RMS EVM for EGPRS2-A UL has been evaluated in this study. 

As already indicated in [1], the peak EVM and 95th percentile EVM could be kept at their current value also for the EGPRS2 modulations. Having more stringent requirements for the higher order modulations are not expected to improve performance significantly.
In the investigation it was seen that the 16QAM modulated MCSs are more sensitive to impairments in the transmitter than the ones re-used from EGPRS (MCS-1-6). If using the current EVM requirement of 9 % RMS EVM also for EGPRS2-A degradation of up to 10 dB can be seen compared to a typical MS transmitter. Thus, a more stringent requirement is needed for EGPRS2-A.
With EGPRS2-B both higher symbol rate and 32QAM is introduced. The evaluation of EGPRS2-B is left FFS.
9 Conclusions
In this document the EVM impact on throughput has been evaluated for EGPRS2-A. It was seen that in order not to loose too much in performance and in order to reach the peak EVM for EGPRS2-A for all investigated receivers, an RMS EVM ≤ 6 % needs to be met. 
It is proposed to use:

· 7,0 % RMS EVM requirement for 16QAM for EGPRS2-A, UL.
under normal conditions, and 8,0 % under extreme conditions.
It is proposed to re-use the EVM requirements of 8PSK for QPSK for EGPRS2-B. However, RMS EVM requirement for 16QAM and 32QAM for EGPRS2-B is still left tbd.
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� Please note that EGPRS2 DL has been evaluated using a similar methodology in � REF _Ref228700209 \r \h ��[3]�
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