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1 Introduction

The requirement specification for UTRAN repeaters does not comprise ACLR for reasons detailed in TR25.956. It is suggested these reasons are valid also for E-UTRAN repeaters. This contribution cites the relevant parts of TR25.956. It is part of the LTE repeater WI efforts.
2 Excerpt from TR25.956
2.1 4.4
Adjacent Channel Leakage Ratio (ACLR)

With regard to the mentioned ACLR we have to investigate the behaviour of the Repeater. For this reason we use the model shown in the following Figure 4.1:


[image: image1.wmf]
Figure 4.1: Simplified Repeater model.

The Repeater in its basic function is bi-directional amplifier of RF signals from Base Stations in the downlink path and from Universal Equipments (UE) as mobile stations in the uplink path. The operating bands in which the Repeater amplifies is determined by the IF filter in its bandwidth and by the duplexer filter in its frequency range for operational configuration. In our discussion we will use the parameters defined in Table 4.1. 

Table 4.1: Parameters of the Repeater model.

	Parameter
	Description
	Unit
	Assumed value
	Comment

	G
	Repeater gain
	dB
	90 dB
	UL and Dl gain should be the same for a balanced link.

	Pout_DL_max
	maximum Repeater average output power measured with WCDMA signal according to model 1 of TS25.141.
	dBm
	30 dBm
	DL value

	Pout_UL_max
	maximum Repeater average output power measured with WCDMA signal according to model 1 of TS25.141.
	dBm
	12 dBm
	UL value

	NF
	Repeater Noise Figure
	dB
	5 dB
	valid for UL and DL

	N_therm (30 kHz)
	Thermal Noise Power density in a Bandwidth of 30 kHz
	dBm / 30 kHz
	-129 dBm / 30kHz
	-174 dBm/Hz (at 25 °C) + 45 dB 

	S (30 kHz)
	WCDMA Signal Power Density
	dBm / 30 kHz
	Pout - 21 dB
	the factor of 21 dB is the relation of channel bandwidth to 30 kHz


The Repeater output noise density can be calculated according to the formula:


N_Rep (30kHz) = N_therm (30kHz) +NF + G = -34 dBm/30 kHz .

Considering the output of the Repeater in the Downlink path we will find an average power 30 dBm in the WCDMA channel. This is resulting in a signal density of 


S_Downlink = +9 dBm/30 kHz.

This leads to a signal-to-noise ratio of the Downlink of:


S / N_Downlink = 43 dB.

The Adjacent Channel Leakage Ratio (ACLR) as defined for BS is stating -45 dB for the first adjacent channel and -50 dB for the second adjacent channel. This situation is illustrated in Figure 4.2. 

In the Repeater case the resulting output frequency spectrum is shown below.
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Fig. 4.2: Repeater output frequency spectrum.

It is obvious that the ACLR cannot be measured in the Repeater case due to the fact that the this signal is below the amplifier thermal noise of the Repeater amplifier chain.

This even get worse when the Uplink is considered. As in this path the maximum average value of the output power is reduced to 12 dBm resulting in a signal power density of S = -9dBm / 30 kHz, the signal-to-noise ratio will be even smaller:


S / N_Uplink = -9 dBm / 30 kHz - (-43 dBm / 30 kHz) = 34 dB.

This collision is the reason why the ACLR requirement as it is written for the BS equipment cannot be met with a Repeater. The ACLR measurement will be limited by the thermal noise of the Repeater amplifier chain. 

Spectral components (noise, ACP, intermodulation products, spurious signals, ...) falling outside the operating band are fully addressed in the TS 25.106 subclause 9.

3 Application to E-UTRAN repeaters
The description above applies in repeater full output power output. In reality, signals through the repeater are subject to power control limiting the impact of ACLR in repeaters to channel selective high power repeaters, where out of band gain are and unwanted emission requirements pose the corresponding requirements. E-UTRAN carriers will be under power control to an extent that the TR25.956 problem description regarding ACLR applies also to E-UTRAN repeaters. 
4 Conclusion

The description in TR25.956 regarding the applicability of ACLR in UTRAN repeaters applies also for E-UTRAN repeaters. Thus it is proposed the E-UTRAN repeater requirement specifications shall not comprise ACLR.
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