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EVM for AQPSK
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 generated by the synthesizer.

In the 3GPP GERAN specifications different measures of EVM are defined with performance requirements on each measure for modulations GMSK, QPSK, 8PSK, 16QAM (NSR/HSR) and 32QAM (NSR/HSR), see [1]. 
At current time there is no EVM requirement for the new modulation of VAMOS, i.e. AQPSK.
This document evaluates the impact on performance of different RMS EVM values for AQPSK and AHR7.40 Codec using both a VAMOS I and VAMOS II receiver architecture.
The document is an update of the paper presented at the 13th telco for VAMOS. Updates include correction of simulated results and results in a worst case configuration (as requested at the telco). Changes are highlighted in red.
2 Method

To investigate the impact of EVM on performance for VAMOS, a link simulator has been used modeling both transmitter and receiver impairments.
A baseline impairments model, using realistic values, has been used for both TX and RX impairments. The RX impairments have been kept constant in all simulations while the TX impairments have been adjusted to achieve a certain RMS EVM %. Phase noise has been increased (while the other TX impairments have been kept constant) and its contribution to the total EVM has been evaluated, see Figure 1. 
The use of phase noise variations was seen to be the impairment reflecting implementation variations together with the PA model. Modifications to stress the PA model to achieve high EVM e.g. by clipping will however result in impacts to the signal that are seen as rarely occurring exceptions. In [2] another methodology was chosen where the impairment giving rise to the largest degradation was chosen to vary. However, it should be noted that the least robust AMR speech codec has been used for the evaluation.
The EVM impact is evaluated in terms of the sensitivity degradation at the 1% FER point relative the 1% FER point when no TX impairments have been used.
[image: image1.png]Max. RMS.EVM [%]

12

0.5 1 1.5 2 2.5 3 3.5 4
TX Impairments Phase Noise [Deg]






Figure 1. Phase Noise Impairments impact on total EVM.
The performance degradation for Phase Noise impairment and AQPSK modulation in VAMOS is evaluated by using the Codec with highest code rate for AMR-HR speech used for VAMOS performance requirements, i.e. AHS 7.4 kb/s, to give an estimate of the worst case performance in terms of performance degradation. 
2.1 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)]
	0.8
	1.2

	I/Q gain imbalance [dB]
	0.1
	0.3

	I/Q phase imbalance [degrees]
	0.2
	2.0

	DC offset [dB]
	-45
	-34

	Frequency error [Hz]
	-
	20

	PA model
	Yes
	


3 Results

3.1 Simulation assumptions

The simulation assumptions used are shown in Table 2.

Table 2. Simulation assumptions.

	Parameter
	Value

	Codec’s
	AHR7.40

	Channel profile
	Typical Urban (TU)

	Terminal speed
	50 km/h

	Frequency band
	900 MHz

	Frequency hopping
	No

	Interference/noise
	AWGN 

	Antenna diversity
	No

	SCPIR
	0, -4 dB: VAMOS I

0, -10 dB: VAMOS II

	Receiver type
	VAMOS I

VAMOS II (ideal SCPIR detection)

	Tx pulse shape
	Lin GMSK pulse

	Rx filter

  - Bandwidth
	RRC1
   250 kHz

	Impairments
	see Section 2.1.

	Simulation length
	100000 radio block per simulation point.

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


3.2 EVM vs. sensitivity degradation

To get an idea of how the Phase noise impairment has impact on the sensitivity degradation at a certain EVM, simulations have been run with Phase noise impairments giving rise to different EVM values, according to Figure 1. Plots on similar performance with IQ gain and IQ phase imbalance variations can be found in the Annex.
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Figure 2 Performance degradation, AHS 7.4 kbit/s, with phase noise variations.
4 Discussion
It can be seen that the performance degradation due to increased RMS EVM is mostly seen at extreme SCPIRs for each respective receiver. 
The TX EVM values for EGPRS and EGPRS2-A (QAM modulations) [1] is indicated in Figure 2 as reference.
By using the current EGPRS2-A RMS EVM requirements the degradation is kept to roughly 0.3 dB while with the current EGPRS RMS EVM requirements the degradation is roughly 0.5-0.6 dB, compared to the case of no impairments. Comparing performance with typical impairments the degradation is slightly (0.1-0.2 dB) reduced.
Further, it should be considered that SCPIR detection has not been deployed for the VAMOS II receiver which could potentially degrade performance even further. Also, if not TSC pairing of set 1 and 2 is used in the network the absolute speech performance will degrade which could have negative impact on the added degradation with increasing EVM. For VAMOS I MSs further degradations can be expected when allocated on more negative SCPIR than -4 dB.
5 Conclusions
Based on the results presented in this and the following discussion it is proposed to adopt the same RMS EVM requirements for AQPSK as is currently used for EGPRS2-A to limit the impact on DL VAMOS performance from the BTS transmitter. 
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Figure 3. Performance degradation, AHS 7.4 kbit/s, with IQ gain variations.
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Figure 4. Performance degradation, AHS 7.4 kbit/s, with IQ phase variations.
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