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1 Introduction
EGPRS2 is an extension of GSM/EDGE that includes provisions to allow high order modulation (HOM) and turbo coding on the downlink.  This document looks at the link performance of these new schemes using realistic RF impairment models for both the MS and BTS.  Specifically, this document deals with the 8 new modulation and coding schemes for EGPRS2-A that are introduced in 45.001 [1], section 7.  A summary of the MCS for EGPRS2-A are shown in Table 1.

Table 1: Summary of EGPRS2-A Modulation and Coding Schemes

	EGPRS2-A MCS
	Code rate
	Modulation
	Data rate
kb/s

	 DAS-12
	0,96 
	32QAM


	98,4

	 DAS-11
	0,80 
	
	81,6

	 DAS-10
	0,64 
	
	65,6

	 DAS-9
	0,68 
	16QAM


	54,4

	 DAS-8
	0,56 
	
	44,8

	 DAS-7
	0,54 
	8PSK


	32,8

	DAS-6
	0,45 
	
	27,2

	 DAS-5
	0,37 
	
	22,4


2 Model parameters

The RF impairment models used in the EGPRS2-A link simulation for the BTS transmitter and MS receiver are shown in Figure 1 and Figure 2 respectively.
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Figure 1: BTS Transmitter Impairment Model
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Figure 2: MS Receiver Impairment Model

In the impairment models, the phase noise is generated from a profile and integrated phase noise specification.  The IQ imbalance is specified as follows:
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DC offset is also added to the MS RX to ensure that the receiver can handle a range of offsets and that the other RF impairments do not affect this performance.

2.1 PA compression model
The model below applies more directly to a MS implementation, but it is expected that compression will be a contributing source to total EVM contribution on the BTS as well so the same model is used, but with the input signal backed off far enough to get a reasonable EVM as expected from a BTS.
The PA model uses the Rapp model [3] for AM to AM (amplitude) compression.  The model uses the following formula for amplitude output versus input:
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Where: 
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P is a fit parameter between 2 and 3.  The level for V1dB is important in how it relates to the AM to PM (amplitude to phase) distortion and the relative level with respect to each modulation scheme.  The phase distortion varies considerably between different PA architectures, but an example amplitude [5] to phase distortion is used:
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Figure 3: AM-PM distortion lookup in radians / dB (V1dB = 0 dB)

To complicate matters, a PA can be biased at different points for different modulation schemes to optimize efficiency.  Nominally GMSK, 8PSK and 16/32QAM can be set relatively at 2, -4 and -6 dB with respect to V1dB, but in practice different model parameters would be required for each modulation.
2.2 EVM

EVM is measured in accordance with the specification in 45.005 [1] for the transmitter.  The EVM can also be measured for the receiver in the link simulation and it has the same effect on the link performance.  It is more typical for the EVM of the receiver to be reported as a maximum receiver SNR.  Here the “noise” in the SNR is the combination of impairment parameters in the receiver and does not include the channel noise or receiver thermal noise (NF).  Basically it can be thought of as intrinsic maximum SNR the receiver can deliver and is a multiplicative, rather than additive noise.  The maximum SNR can be related to the EVM in the following manner:
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Except that in the case of the receiver, the EVM is not taken as the maximum per burst RMS value over 200 bursts as it is for the transmitter as instructed by 45.005 [1].  In this case the RMS value of the EVM is taken for a large number of bursts (the entire simulation length).

To simulate a range of transmitter EVM values, the EVM is varied by changing the IQ imbalance in the transmitter.  It was found in [4] that IQ imbalance caused a greater degradation in required SNR than phase noise.

2.3 Model Parameters

The following model parameters are used in the link simulation.

Table 2: MS RX impairments

	
	RX model #1
	RX model #2
	RX model #3

	IQ Gain Imbalance
	0.5 dB
	0.2 dB
	0.2 dB

	IQ phase Imbalance
	1.5 º
	1.5 º
	1 º

	Phase noise
	2 º rms
	1.5 º rms
	1 º rms

	Resulting EVM / 
maximum SNR
	3.95 % / 28 dB
	2.97 % / 30.5 dB
	2.12 % / 33.5 dB


Note: Simulation results indicate that even the more pessimistic model impairments of RX model #1 would likely pass specifications for EGPRS2-A reference sensitivity.
Table 3: BTS TX impairments

	
	BTS TX model

	IQ Gain Imbalance
	0.1 dB

	IQ phase Imbalance
	(sweep)

	Phase noise
	0.8 º rms

	PA compression
	Not included


3 BTS Transmitter EVM

To give a baseline, the SNR required to reach 10 or 30 % BLER with no impairments in either TX or RX are given below in Table 4.
Table 4: Ideal SNR requirements for TU3

	
	TU3nFH
	TU3iFH

	DAS #
	SNR @ 10% BLER
	SNR @ 30% BLER
	SNR @ 10% BLER
	SNR @ 30% BLER

	5
	18.6
	13.0
	13.1
	11.1

	6
	19.0
	13.7
	14.5
	12.5

	7
	19.3
	14.8
	16.2
	14.0

	8
	21.5
	17.4
	18.4
	16.3

	9
	22.9
	18.7
	20.7
	18.3

	10
	26.2
	22.0
	24.0
	21.6

	11
	27.9
	23.5
	27.3
	24.5

	12
	30.4
	25.9
	31.0
	27.0


The following plots show the change in SNR due to RF impairments at the sensitivity level compared to results from Table 4. 
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TU3nFH channel results, RX model #1
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Figure 4: BLER Degradation versus BTS EVM for RX model 1, TU3nFH 
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TU3iFH channel results, RX model #1
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Figure 5: BLER Degradation versus BTS EVM for RX model 1, TU3iFH 
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TU3 channel results, RX model #2
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Figure 6: BLER Degradation versus BTS EVM for RX model 2, TU3nFH 
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Figure 7: BLER Degradation versus BTS EVM for DAS-12 comparing 3 different RX models, TU3nFH 

Figure 7 shows that the effect of MS RX impairments is slight for RX model #2 and #3.   This can be seen by the fact that the delta SNR for these last 2 cases are very close, while the delta SNR for RX model #1 is much higher.

The effects of BTS EVM are quite strong for DAS-12 (least coding 32QAM, highest data rate).  Given that the baseline SNR with no RF impairments for DAS-12 is between 25 and 31 dB (depending on the BLER), if a BTS has EVM near the normal limit, the SNR requirements to use DAS-12 will be very high.  The requirements could easily reach as high as 45 dB.  As can be seen from Figure 7, above an EVM level of 5% (allowed in extreme conditions and after passive matching and combining), DAS-12 would effectively never reach 30 % BLER.
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Figure 8: Throughput (ideal; combined for DAS-5 to 8) for TU3iFH with various EVM levels and RX model #1
4 Conclusions

· 3 RX impairment models were used to evaluate the effects of BTS EVM on the link performance.  The first model (RX model #1) shows much worse results than the 2nd and 3rd models, which show little difference. 

· The specifications for EGPRS2-A allow a combination of MS RX and BTS TX that will not allow use of the highest throughput modulation and coding schemes (DAS 12 in most cases and DAS 11 in some cases).  This means that to achieve full use of the throughput capabilities of EGPRS2-A for a significant set of channel scenarios, both the RX and TX impairments will need to be lower than current suggested specifications.  Given that most MS and BTS instances will have some margin to the specifications, it is likely that a majority of situations will allow some use of DAS 12.
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