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On EVM for repeaters, EGPRS2
1 Introduction

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

In GSM the receiver is tested in terms of error rate performance in different propagation conditions and noise/interference scenarios. The transmitter performance is tested for, amongst other things, RMS EVM.

In general, the higher order modulations that are used in the system the more stringent requirements on EVM are needed. This is reflected in the GSM specifications with a tighter RMS EVM requirement for the EGPRS2 modulations (16QAM and 32QAM) than for the EGPRS modulation 8PSK.

At GERAN#43 a discussion paper was presented on EVM for repeaters, see [2]. Also, a CR was approved introducing EVM values within brackets, see [4].
This document provides some more discussion and analysis on the impact on performance from the currently proposed EVM values for the base station and repeater for EGPRS2.
2 Background
In [3] the base station EVM for EGPRS2 was investigated. A model was provided for the different contributors of EVM present in the base station, e.g. I/Q phase imbalance. The impact on performance from different EVM transmitter values was evaluated on link level.

It was seen that the impact from EVM is very modulation dependent and that the modulations introduced with EGPRS2 requires a lower EVM than currently specified for 8PSK (EGPRS) to not lose too much in throughput (evaluated on link level).
In [5] the impact on base station EVM on EGPRS2-A was re-evaluated using different MS receiver models. It was concluded that the performance of EGPRS2 could be quite sensitive to the impairments assumed in the MS.
In [2] the EVM requirement on repeaters for EGPRS2 is discussed. It is proposed that the same requirements are to be used for the repeaters as for the base station. It is stated in _ that “experience from the past shows that selecting the same EVM requirement for Repeater and BS after any active element and including the effect of passive combining equipment under normal conditions has had no adverse effect on the overall system performance”.
3 Discussion 
In [2] there is reasoning on the EVM requirement necessary for the repeater, however the impact from the choice of EVM requirement has not been evaluated for EGPRS2 (at least not presented in GERAN) and thus the additional impact of repeaters is unclear. 

The impact on system performance from the current EVM figures for EGPRS2 has not been evaluated in GERAN. Only link level performance has been presented where different base station impairments impact on performance was analyzed, see [3].
In Figure 1 some of the link level results are re-produced from [3] where the impact on EGPRS2-A and EGPRS2-B performance is shown given a specific MS model and different assumptions on the impairments in the base station (for detailed simulation assumptions and methodology, see [3]).

To estimate the combined EVM contribution from a base station and repeater it is assumed that the EVM contributions from the base station and the repeater are un-correlated and that the combined EVM could roughly be estimated as:
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Given the currently proposed values in [1] the following combined EVM values are obtained under normal conditions:

Table 1. Combined EVM estimate from base station and repeater.

	TBF mode
	EVMbase station
	EVMrepeater
	EVMtot

	EGPRS
	7,0%
	8,0%
	10,6%

	EGPRS2-A
	5,0%
	6,0%
	7,8% ≈ 8,0%

	EGPRS2-B
	4,0%
	5,5%
	6,8% ≈ 7,0%


Figure 1 shows the result on RMS from typical base station impairments, maximum base station impairments and combined maximum base station and repeater impairments.
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Figure 1. TU3iFH ideal LA throughput at different RMS EVM for EGPRS DL (top), EGPRS2-A DL (middle) and EGPRS2-B (bottom).
It can be seen that the current base station EVM requirements of 5,0 % and 4,0 %  for the QAM modulations of EGPRS2-A and EGPRS2-B respectively will have an impact on the peak throughput of the modulations, especially for 32QAM while no impact is seen for EGPRS (at RMS EVM = 7,0 %).

With the combined estimated RMS EVM of 10,6 % for EGPRS there is a noticeable impact on performance and a reduction of peak throughput. It is however not as large as for EGPRS2 where the additional degradation brought by the EVM from the repeater (e.g. from 5% to 8% for EGPRS2-A) is quite substantial leaving a peak rate for both EGPRS2-A and EGPRS2-B at roughly 65 kbps/TS.

It should be noted that the impairment giving rise to the largest degradations have been chosen in the transmitter giving rise to a worst case scenario (for details see [3]). Further, it has been assumed that both base station and repeater experiences EVM equal to the requirement. Typically, there is a margin to the specified EVM requirement. In addition, impairments from a base station model have been used to generate the EVM in the case of combined base station and repeater EVM.

4 Conclusions
The document has shown that if repeaters are introduced with the currently proposed EVM requirement the EGPRS2 link level throughput performance could be significantly reduced.
It should be noted that the evaluation present in this paper could be seen as a worst case scenario where the base station impairments giving rise to the largest degradation has been used to generate signals with the investigated RMS EVM, see [3]. Further, it has been assumed that both base station and repeater experiences EVM equal to the requirement. Typically, there is a margin to the specified EVM requirement. In addition, impairments from a base station model have been used to generate the EVM in the case of combined base station and repeater EVM.
It is the belief of the sourcing company that some more background information on the impairments present in a repeater and its impact on EGPRS2 performance is needed before the currently proposed values in 3GPP TS 45.005, see [1], can be accepted.
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