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1 Introduction

This paper presents throughput simulation results for EGPRS2 downlink assuming realistic models for BTS, repeater and MS. The purpose is to suggest and justify EVM limit values for repeaters in the context of the over-all transmission chain. This paper is a joint effort of the authors of the previous papers [2]and [3]. Paper [2] presented first throughput simulations on the basis of a simplistic model of repeater impairments due to the lack of a better model. Paper [3] suggested a more realistic model. In the mean time, the simulation chain assumed in [2] was extended by a realistic repeater model and throughput simulations were re-run. The present paper presents the new results and suggests new EVM limits for repeaters.
2 Approach

We distinguish between typical EVM performance and worst case EVM performance of the three elements forming the transmission chain: BTS TX, repeater and MS RX. The typical EVM of an element is the statistical average EVM observed in the production line of the respective element. Worst case EVM is the number which is specified in the standard as minimum requirement.
The extreme case in which worst case EVM is encountered in two or all three elements appears very unlikely. Instead we focus on the cases in which two elements perform typically while one element performs worst case.

	Case #
	BTX TX
	Repeater
	MS RX

	1
	worst case
	typical
	Typical

	2
	typical
	worst case
	typical

	3
	typical
	typical
	worst case


Table 1: Impairment scenarios.
In this paper the focus is on case 2 in Table 1. Impairment scenarios 1 and 3 have not been investigated yet for a realistic repeater model but they can be regarded as being covered reasonably well by [1].
3 Simulation model
3.1 Scenario

The simulated scenarios are summarized in Table 2.
	Parameter
	Value

	MCS
	DAS-5-12 / DBS-5-12

	Channel profile
	Typical Urban (TU)

	Terminal speed
	3 km/h

	Frequency band
	900 MHz

	Frequency hopping
	Ideal

	Interference/noise
	Sensitivity

	Modulation backoff
	None

	Antenna diversity
	No

	Equalizer
	DFSE (QPSK, 8PSK)

RSSE (16QAM, 32QAM)

	Tx pulse shape
	Lin GMSK pulse

	Impairments
	See Table 3

	Simulation length
	10000 radio block per simulation point.

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


Table 2: Simulation scenarios.
3.2 Transmission chain and impairments
The transmission chain model shown in Fig. 1 is composed of the following building blocks:
IG: Self Image Generation due to I&Q gain and phase imbalance in direct up or down converter. Both I&Q gain imbalance and I&Q phase imbalance are incorporated.
DC: DC offset / carrier leakage. 
LO: Local Oscillator phase noise.
PA: Power Amplifier.
Filter: Repeater and MS RX employ the same filter.
AWGN: Additive White Gaussian Noise.
See [1] for details on the modelling.
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Fig. 1 Transmission chain model in the equivalent complex baseband.
Table 3 summarizes the assumed typical parameter settings and the corresponding EVM contributions for all building blocks. 
	Typical Parameters
	BTS TX
	Repeater
	MS RX

	
	Value
	EVM
	Value
	EVM
	Value
	EVM

	1
	LO phase noise  [deg RMS]
	0.8
	1.4%
	0.8
	1.4%
	1.0
	1.7%

	2
	I&Q gain imbalance [dB]
	0.1
	
	0.1
	
	0.2
	

	3
	I&Q phase imbalance [deg]
	0.2
	
	0.1
	
	1.5
	

	4
	Self image [dB]
	-44
	0.6%
	-45
	0.6%
	-35
	1.8%

	5
	DC offset [dB]
	-45
	0.6%
	-45
	0.6%
	-45
	0.6%

	6
	Frequency error [Hz]
	0
	-
	0
	-
	25
	-

	7
	PA
	Yes
	
	Yes
	
	-
	

	8
	Filter
	No
	
	Yes
	
	Yes
	

	9
	Sub total EVM, analytical 
	-
	1.6%
	-
	>1.4%
	-
	2.5%

	10
	Total EVM, measured in simulation
	-
	2.3%
	-
	2.5%
	-
	?


Table 3: Typical parameter settings and EVM contribution of building blocks.
Notes: 
· The IG and DC building blocks occur twice in the repeater model.

· The EVM contributions of I&Q gain imbalance (2) and I&Q phase imbalance (3) are computed analytically and merged in the relative strength of the self image (4).

· Row (9) is the subtotal of the EVM contributions (1), (4) and (5) which can be computed analytically. They are summed up in terms of power because they are uncorrelated in case of BTS TX and MS RX. Note that the two DC blocks in the repeater model are correlated: Depending on two IG in the respective choice of the offsets, these may cancel or add up constructively. This is also true for the two IG blocks. Analytical computation of (9) isn’t worth the effort in this case but it can be stated that the sub total EVM is at least as large as the LO phase noise contribution.
· The EVM contributions of PA and filter can’t be computed analytically and they were not measured individually in simulation.

· Row (10) quotes the total EVM that was measured in simulation for BTS TX and for the repeater. The MS EVM value isn’t known but it must be larger than (9).
In order to model a repeater with EVM above the typical value, the I&Q phase imbalance  was tuned such that the total EVM contribution of the repeater equals 3%, 4%, 5% and 6% respectively. Because I&Q phase imbalance is known to cause the highest throughput degradation [1], the results should be seen as the worst case.

4 Result and discussion

Throughput envelope curves have been used to evaluate the impact of EVM on performance for DAS-5-12 and DBS-5-12.
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Fig. 2: TU3iFH ideal Link Adaptation throughput at different RMS EVM for EGPRS2-A DL.

We will propose 4% EVM as the minimum performance requirements for repeaters. It can be seen that the throughput envelope still allows for DAS-12 to operate at high SNR but 4% repeater EVM means a noticeable degradation especially for 32QAM modulated MCSs. However, since we will encounter even higher degradation in the impairment scenario #1 (see Table 1 and Table 4, worst case BTS EVM of 6%),  4% seems a reasonable proposal.
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Fig. 3: TU3iFH ideal LA throughput at different RMS EVM for EGPRS2-B DL. 

Due to the sensitivity of EGPRS2-B to impairments already the base line performance for typical impairments of the transmission chain experiences a significant degradation compared to the theoretical performance of EGPRS2-B. However, the added degradation of the proposed RMS EVM of 4% is mostly limited to 32QAM.
5 Conclusion and proposal
Table 4 summarizes our proposal for repeater minimum performance EVM figures and compares with the already agreed BTS figures.
	 

#
	Normal symbol rate
	Higher symbol rate
	 

Conditions

	
	8PSK
	16QAM
	32QAM
	QPSK
	16QAM
	32QAM
	

	1
	8.0
	6.0
	6.0
	8.0
	5.5
	5.5
	BTS after combining, normal conditions

	2
	9.0
	7.0
	7.0
	9.0
	6.5
	6.5
	BTS after combining, extreme conditions

	3
	8.0
	4.0
	4.0
	8.0
	4.0
	4.0
	Single repeater, no frequency shift, normal conditions

	4
	8.0
	5.0
	5.0
	8.0
	5.0
	5.0
	Single repeater, no frequency shift, extreme conditions

	5
	11.0
	6.0
	6.0
	11.0
	6.0
	6.0
	Repeater system with frequency shift, normal conditions

	6
	11.0
	7.0
	7.0
	11.0
	7.0
	7.0
	Repeater system with frequency shift, extreme conditions


Table 4: Rows 1 and 2 are taken from 3GPP TS 45.005.
We propose to specify the minimum EVM requirements for repeaters considerably more restrictive than for the BTS allowing a moderate impact on EGPRS2 throughput with the introduction of repeaters.
Because the above discussion of repeater requirements runs risk to hide a very important aspect we would like to recall that it is the repeater enabling high throughput in places where the BTS field strength is insufficient for high Es/N0. 
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