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1 Introduction

Through two contributions presented in Ran4#25 [1] and Ran4#26 [2], it has been requested to tighten the current requirement about repeater adjacent band gain (ACRR: Adjacent Channel Rejection Ratio). Indeed [1] raised the issue that repeaters operating in close vicinity of a base station that is not the donor one, would create significant interference towards this BS and its served UEs. [2] shows that a high coordination between operators is required for the deployment of a repeater in a UMTS network and that is not  acceptable.  

This contribution aims then at showing what is currently technically feasible in terms of repeater adjacent band gain thanks to the results of tests performed on existing repeaters. As a result a new requirement for ACRR is then proposed.
2 Discussion 

Two repeaters from two different manufacturers have been tested. These two repeaters have the similar following features:
· They are "over the air" repeater. That is to say that the repeater is not connected to the donor NodeB.

· They are "high power" repeater. This means they are able to transmit a DL power above 31dBm.

· The repeater operating gain can be configured by the operator between 55 and 95dB by 1dB step.

The tests performed on the two repeaters are not exactly the same. 
Indeed the first repeater was tested in a lab following the "out of band gain" test procedure as described in TS 25.143. 
The second repeater could not be tested in a lab before its deployment. It was then tested in a UMTS field trial in its "operational" configuration.
2.1 Results obtained from the first manufacturer

2.1.1 ACRR measured at the network analyser

At first the adjacent band gain was measured relatively to the in-band gain (ACRR) thanks to a network analyser. The results are gathered from Figure 1 to Figure 6.
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Figure 1: GDL=55dB: ACRR(-5MHz)=67dB, 
ACRR (+5MHz)=66dB
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Figure 2: GUL=55dB: ACRR(-5MHz)=62dB, 

ACRR (+5MHz)=54dB
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Figure 3: GDL=75dB: ACRR(-5MHz)=70dB, 

ACRR (+5MHz)=64dB
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Figure 4: GUL=75dB: ACRR(-5MHz)=67dB,

 ACRR (+5MHz)=66dB
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Figure 5: GDL=95dB: ACRR(-5MHz)=70dB, 

ACRR (+5MHz)=64dB
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Figure 6: GUL=95dB: ACRR(-5MHz)=62dB, 

ACRR (+5MHz)=58dB


These graphs show that depending on the in-band gain, the ACRR was evaluated from 54dB up to 70dB.
2.1.2 ACRR measured following TS 25.143 test procedure
Secondly the following test bed was used.


[image: image7.wmf] 

Power

 

Divider

 

1/2

 

 

Repeater A

 

Spectrum 

 

Analyser

 

Spectrum 

 

Analyser

 

Signal

 

Generator

 

BSB

 

Attenuator

 

IN

 

OUT

 


Figure 7: Test bed for ACRR measurements
There is a 5MHz offset between the carrier of the WCDMA signal transmitted by the Signal Generator (BSB) and the repeater (RepeaterA). The output power transmitted by the Signal Generator (BSB) is 10dBm. The attenuator changes from 30dB to 60dB by 10dB step in order to ensure the repeater working in linear output range.
The results are the following ones:
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Figure 8: Test results
The blue curve is the power level as received by the repeater at its input port (IN: Figure 7). 
The pink curve is the power level as transmitted by the repeater in DL (OUT: Figure 7) in its adjacent band when the in-band gain is set to 75dB.

The yellow curve is the power level as transmitted by the repeater in DL (OUT: Figure 7) in its adjacent band when the in-band gain is set to 95dB.
The results are summarised in Table 1: 
	Repeater in-band gain
	Repeater adjacent band gain
	ACRR

	95dB
	30dB
	95-30=65dB

	75dB
	10dB
	75-10=65dB


Table 1: Summary of the results

2.2 Results obtained from the second manufacturer

2.2.1 ACRR measured at the network analyser

At first the adjacent band gain was measured relatively to the in-band gain (ACRR) thanks to a network analyser. The results are gathered in Figure 8 and Figure 9.
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Figure 9: GDL=95dB: ACRR(-5MHz)=65dB, 

ACRR (+5MHz)=65dB
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Figure 10: GUL=95dB: ACRR(-5MHz)=68dB, 

ACRR (+5MHz)=68dB


2.2.2 ACRR measurement in a field trial
The repeater is deployed in a way to amplify a signal carried by f=2157.2MHz. Its in-band gain is set to 90dB in both UL and DL. However it also receives signals carried by an adjacent frequency fadj=2162.2MHz. 
The signal received by the repeater in its adjacent band was measured with a spectrum analyser connected to the repeater DL input port.

The signal transmitted by the repeater in its adjacent band was measured with a spectrum analyser connected to the repeater DL output port.
The signal received by the repeater in DL adjacent band is -57.7dBm as can be seen in Figure 10.
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Figure 11: Input signal in adjacent band.
The signal transmitted by the repeater in DL adjacent band is -22.44dBm as can be seen in Figure 11.
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Figure 12: Output signal in adjacent band when Pmax=39dBm

As a result the repeater gain in adjacent band is: -22.4-(-57.7) =35.3dB.

The in-band gain was set to 90dB, as a result the ACRR is 90-35.3=54.7dB.
3 Conclusions

The tests performed on two repeaters provided by different manufacturers show that the ACRR can be specified at least up to 50dB in both UL and DL for a repeater that has an in-band gain between 55 and 95dB and a maximum output power guaranteed over 31dBm. Orange will be pleased to draft a corresponding CR for 25.106 as proposed hereunder.
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5 Text proposal for TS 25.106

8
Out of band gain

Out of band gain refers to the gain of the repeater outside the pass band.

8.1
Minimum requirement

The intended use of a repeater in a system is to amplify the in band signals and not to amplify the out of band emission of the donor base station.

In the intended application of the repeater, the out of band gain is less than the donor coupling loss.

The repeater minimum donor coupling loss shall be declared by the manufacturer. This is this the minimum required attenuation between the donor BS and the repeater for proper repeater operation.

The gain outside the pass band shall not exceed the maximum level specified in table 8.1, where:

-
f_offset is the distance from the centre frequency of the first or last 5 MHz channel within the pass band.

Table 8.1: Out of band gain limits 1
	Frequency offset from the carrier frequency, f_offset
	Maximum gain

	2,7 ( f_offset < 3,5 MHz
	60 dB

	3,5 ( f_offset < 7,5 MHz
	45 dB

	7,5 ( f_offset < 12,5 MHz
	45 dB

	12,5 MHz ( f_offset
	35 dB


For 12,5 MHz ( f_offset the out of band gain shall not exceed the maximum gain of table 8.2 or the maximum gain stated in table 8.1 whichever is lower.

Table 8.2: Out of band gain limits 2

	Repeater maximum output power as in 9.1.1.1
	Maximum gain

	P < 31 dBm
	Out of band gain ( minimum donor coupling loss

	31 dBm ( P < 43 dBm
	Out of band gain ( minimum donor coupling loss

	P ( 43 dBm
	Out of band gain ( minimum donor coupling loss – (P-43dBm)

	Note 1:
The out of band gain is considered with 12,5 MHz ( f_offset


8.2 Adjacent Channel Rejection Ratio (ACRR)
Adjacent Channel Rejection Ratio (ACRR) is the ratio of the gain of the repeater centered on the assigned channel frequency to the gain of the repeater centered on an adjacent channel frequency.

If the in-band gain of the repeater is higher than 55dB, the Adjacent Channel Rejection Ratio shall be higher than the value specified in Table 8.3 for the Up-link and the Down-link way:

Table 8.3: Repeater ACRR

	Repeater maximum output power as in 9.1.1.1
	Adjacent channel frequency relative to assigned channel frequency
	ACRR limit

	P > 31 dBm
	+ 5 MHz or – 5 MHz
	50dB

	P > 31 dBm
	+ 10 MHz or – 10 MHz
	50dB

	P≤31 dBm
	+ 5 MHz or – 5 MHz
	As in Table 8.1

	P≤31 dBm
	+ 10 MHz or – 10 MHz
	As in Table 8.1
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