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1 Introduction

At the TSG GERAN WG1 Ad-hoc meeting in Sofia Antipolis the document "On the EVM requirement for repeaters, EGPRS2" [1] was presented and noted. For this meeting it will be presented as [7]. At the TSG GERAN WG1 Ad-hoc meeting it was 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 can be accepted.
The aim of this paper is to provide that information.
2 Background

EGPRS2 enables roughly doubling of the throughput compared to EGRPS, provided Es/N0 is sufficiently high and signal EVM is sufficiently low. EGPRS2 throughput simulations [1] suggest that we may achieve just EGPRS throughput if BS and repeater go to the EVM limits proposed in [2]. Since the repeater model assumed in [1] is minimalistic, the question came up how to make the model more realistic. 

This document shall give some insight in repeater architectures and how they relate to the BS architecture assumed in [1]. This will lead to an adequate repeater model. On this basis we will discuss the partitioning of the EVM budget between BS and repeater.
3 Discussion

3.1 Existing simulation model

The throughput simulations presented in [1] assume a transmission chain comprising of a direct up conversion transmitter, the mobile radio channel and a direct down conversion receiver as outlined in Fig. 1.
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Fig. 1: Transmission chain assumed in throughput simulation [1].
Details on the behavioural model and the choice of parameters characterising the impairments such as phase noise or I&Q gain imbalance are given in [4]. The repeater isn’t modelled explicitly. Instead, the EVM contribution of the repeater is approximated by an increased EVM of the BS transmitter.

Table 1 summarizes transmitter and receiver impairments covered by the simulation. All impairments are kept constant except I&Q phase imbalance in the transmitter. The EVM share due to the constant transmitter impairments seems to be in the order of 2%. Note that receiver impairments do not contribute to the reported EVM in this simulation set up. The effect of filter impairments is not covered. Transmitter I&Q phase imbalance is adjusted to vary the EVM and to study the impact on throughput.
	Impairment
	BS TX
	MS RX

	Phase noise
	const
	const

	I&Q gain imbalance
	const+var
	const

	I&Q phase imbalance
	const
	const

	DC offset
	const
	const

	Filter
	none
	none

	PA
	const
	not applicable


Table 1: Impairments considered in simulation [1].
BLER simulations in [4] reveal that I&Q phase imbalance is the worst impairment with respect to throughput, meaning that all other impairments causing the same amount of EVM correspond to a smaller equivalent Es/N0 increase (at 10% BLER). Hence document [1] emphasizes that the throughput simulations represent a worst case scenario. This won’t be encountered in practice because EVM contributions of different impairments will be distributed more evenly, rather than being dominated by I&Q phase imbalance. 
3.2 Repeater architecture
A good overview on repeater architectures is given in [6]. As explained there, filtering is typically implemented at IF rather than at RF in order to achieve higher selectivity. Channel selective repeaters may employ direct conversion to/from complex valued I&Q signals at a low or zero IF. In order to avoid trouble with limited image rejection and DC leakage, more broadband repeaters may employ conversion to/from a real valued signal at a moderate IF. If analogue filters don’t provide sufficient selectivity, filtering is implemented digitally.

These explanations show that a highly selective repeater isn’t just a simple RF amplifier but rather the combination of a base station’s RX and TX section with some digital filter in between as depicted in Fig. 2. 
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Fig. 2: Transmission chain incorporating a repeater.
When it comes to modelling a repeater, the TX and RX building blocks used in [4] can be reused. In order to have a more realistic distribution of the EVM budget, all RX and TX impairments except phase noise should give rise to equal EVM contributions E as summarized in Table 2.

	Impairment
	BS TX
	Rep RX
	Filter
	Rep TX

	Phase noise
	E
	E/2
	0
	E/2

	I&Q gain imbalance
	E
	E
	0
	E

	I&Q phase imbalance
	E
	E
	0
	E

	DC offset
	E
	E
	0
	E

	Filter
	0
	0
	E
	0

	PA
	E
	0
	0
	E


Table 2:  Expected distribution of EVM contributions.

3.3 Splitting the EVM budget
Fig. 2 suggests that BS and repeater have the TX section in common while the repeater’s RX section and filter give rise to additional EVM. Phase noise of the RX LO may be partially cancelled by reusing the LO in the TX path but the other RX and TX path impairments do not cancel and the repeater filter causes unavoidable EVM on top. Hence it seems fair to assume that keeping repeater EVM below a certain level is not an easier task than in base stations, probably it is even more challenging.

Nevertheless, standardisation groups agreed in the past to split EVM evenly between BS and repeater. In EGPRS for instance, this lead to an EVM limit of 8% for both BS and repeater including an 1% allowance for passive combining loss. (Please note that table 1 in [1] seems to be inconsistent because it excludes BS passive combining loss while passive combining loss is implicitly included in the specified repeater limit.)

Assuming an equal EVM split between BS and repeater lead to the repeater EVM limits proposed in [5]. Changing the EVM split in EGPRS2 further at the disadvantage of repeaters is not feasible with existing technology.
4 Conclusion

We shouldn’t be too concerned about the existing throughput simulations [1]. They are known to be too pessimistic because they assume a single dominant EVM source that is known to be the most critical one with respect to throughput. A more realistic approach would be to assume an equal split between the EVM sources.

A selective repeater can be regarded roughly as the combination of a BS RX and a BS TX. In EGPRS, this lead to an even split of the EVM budget between repeater and BS. Reducing the repeater EVM share is not feasible with given technology. 
We suggest to keep the proven equal EVM split that lead to the known numbers in [2] which we repeat here for convenience:

	
	Normal symbol rate
	Higher symbol rate

	
	8PSK
	16QAM
	32QAM
	QPSK
	16QAM
	32QAM

	BS excl. passive 

combining loss
	7%
	5%
	5%
	7%
	4%
	4%

	BS incl. passive 

combining loss
	8%
	6%
	6%
	8%
	5,5%
	5,5%

	Repeater
	8%
	6%
	6%
	8%
	5,5%
	5,5%


Table 3: EVM limits specified in [2]. Repeater figures excluding passive combining loss are not specified.
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