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1 Introduction

The basic function of a Repeater is bi-directional amplification of RF signals from Base Stations in the downlink path and from Universal Equipments (UE) as mobile stations in the uplink path. The frequency band in which the Repeater amplifies has to be well controlled and shall just cover the assigned band of the operator. The Out-of-Band-Gain of the Repeater has to be as low as possible in order not to cause any unnecessary interference to the remaining band. The unwanted emission is well defined in the Repeater performance specification TS25.106. 

In the definition of the Out-of-Band-Gain several aspects have to be taken into consideration. This paper points out the dependencies of the Repeater parameters in the first step. Based upon the measured data values for the Out-of-Band-Gain and Modulation Accuracy are proposed.

2 Discussion

2.1 Repeater Model

In the first part we will present a simple model of the Repeater upon which the simulations and measurements are based. The model is shown in Figure 1.


[image: image1.wmf]
Figure 1: Simplified Repeater model.

The parameter that characterises the Repeater are listed in the following Table 1:

Table 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.

3dB-BW
-3dB bandwidth of the filter element in the IF path
MHz
variable
this is a parameter that is varied

40dB-BW
-40dB bandwidth of the filter element in the IF path
MHz
variable
this is a parameter that is varied

OOBG1
Out-of-Band-Gain for the frequency range of 

2,7 MHz < f_offset < 3,5 MHz 
MHz
tbd.
the frequency offset is defined as the distance to the last carrier in the operating band of the Repeater.

OOBG2
Out-of-Band-Gain for the frequency range of 

3,5 MHz < f_offset < 7,5 MHz
MHz
tbd.


OOBG3
Out-of-Band-Gain for the frequency range of 

7,5 MHz < f_offset < f_offsetmax
MHz
tbd.


tauG
group delay in passband 
µs
approx. 6 µs
this depends on the filter used

Pout
Repeater average output power measured with WCDMA signal according to model 1 of TS25.141.
dBm
variable


The Out-of-Band-Gain of the Repeater is basically defined by the intermediate frequency filter elements. In the chosen model the IF filters are characterised by the -3 dB bandwidth and the -40 dB bandwidth. The grade of selectivity is defined by the difference in both values, the closer the 40dB-BW value is to the 3dB-BW, the higher is the selectivity of the filter. Values for real filters are given in section 2.2.

2.2 Filter Analysis

For the choice of the filter that defines the pass band several options are available. At a given filter slope the bandwidth of the filter can be adjusted to achieve low values of the Out-of-Band-Gain. If the bandwidth is reduced too much the available energy of the WCDMA signal will be reduced and additional error will be provoked in the modulation domain. In this case the wanted signal has been degraded with a good suppression of the unwanted channel outside the operating band of the repeater. The right compromise has to be found in this equation. The situation can be improved with steeper filter slopes. The selectivity is directly influencing the group delay characteristics of the filter. According to the feasibility study for Repeater (see 
) a value of 5-6 µs has to be targeted at. Under this conditions the possible filter characteristics can be evaluated. 
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Figure 2: Filter slope characteristic versus 3dB bandwidth.

The filter slope dependency on the bandwidth of the filter is indicated in Figure 2 for constant chip area of the filter. The filter slope is defined as the difference in frequency between the –3dB point and the –40dB point of the filter characteristic. The graph clearly indicates a strong degradation of the filter selectivity if the filter bandwidth is rising. 

Compared to the 2G system as e.g. GSM with a channel bandwidth of 200 kHz the WCDMA signal has a significant higher bandwidth with approx. 5 MHz. As it can be seen in Figure 2 the higher bandwidth requirement in WCDMA systems results in decreased filter slopes. For a comparison of values the GSM filter can provide a filter slope of 0,345 MHz with a –3dB bandwidth of 0,25 MHz whereas the WCDMA filter can provide a slope of 1,25 MHz with a –3dB bandwidth of 5 MHz. These values shall just show the relative dependencies of filter slope to filter bandwidth. It should be clear from that comparison that we cannot expect the filter performance for WCDMA systems as we experienced it in GSM systems.

Table 2: Some IF filter characteristics.

Filter No.
3 dB-BW
40dB-BW
OOBG1
OOBG2
OOBG3
tauG
Comment

1
4,2
5,5
55
45
40
2,5
fix BW one channel

2
4,0
6,8
60
45
45
5
var BW one channel, more channel with similar performance

In Table 2 two characteristic filter for high out of band rejection are listed, one for fixed bandwidth and one for variable bandwidth. The values of the bandwidth are smaller than the channel spacing in the WCDMA system. The effect on EVM and peak code domain error will be investigated later. With this chosen bandwidth it is possible to obtain lower values for the Out-of-Band-Gain specification. Looking at the real numbers the solution with variable bandwidth is just 5 dB degraded in the frequency interval close and far off the operating band. This effect can be explained by the principles shown in Figure 2. The variable bandwidth approach is based upon wider filters and thus has not the steep slope that is obtained with the small bandwidth solution of filter no.1. The final definition of the Out-of-Band-Gain should base upon the filter solution no. 2 in order to allow more room and flexibility in the design of Repeaters without a high degradation in the system.

With this proposed Out-of-Band-Gain values the effect on the EVM and PCDE have to be investigated.

2.3 Modulation Domain Analysis

For an analysis of the effects on the system parameter the Repeater is characterised in the modulation domain. The parameters that well characterise the behaviour are error vector magnitude (EVM) and peak code domain error (PCDE). The parameters used in this measurement analysis are:

Table 3: Parameter for EVM and PCDE measurement.

Parameter
Description 
Value

InpS_EVM
input signal of Repeater for error vector magnitude.
WCDMA signal according to model 4 of TS25.141.

InpS_PCDE
input signal of Repeater for peak code domain analysis.
WCDMA signal according model 3/32 of TS25.141 except PICH is deactivated and Toffset are set to zero due to the capabilities of the  modulation analyser.

3dB-BW
see Table 1
3 MHz – 4,2 MHz

Pout
see Table 1
10 dB backoff to nominal average output power.

2.3.1 Error Vector Magnitude

The error vector magnitude is one parameter that is used for the characterisation of the signal amplified by the Repeater equipment. The results of the measurement is shown in Figure 3. It shows a steep rise of the EVM value with reduced bandwidth of the operating band filter. For the bandwidths of the filters stated in Table 2, the EVM for filter no. 1 is 10,5 %, for filter no. 2 a value of 13 % is measured. In the graph the maximum EVM value of a BS and an UE specified to be lower than 17,5 % is indicated as well.
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Figure 3: Measured EVM of a Repeater with varied channel bandwidth.

2.3.2 Peak Code Domain Error

The parameter that is characterising the impact of an element on the code domain is the peak code domain error. It describes the amount of interference to the individual code. The target value for the Repeater is –35 dBc 
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Figure 4: Measured PCDE of a Repeater with varied channel bandwidth.

For the proposed filters in Table 2 the value of the PCDE is always lower than –50dBc. 

2.4 Proposal for Out-of-Band-Gain , EVM and Peak Code Domain Error values

In the actual version 1.0.0 of the 3GPP Repeater specification TS25.106 values for the Out-of-Band-Gain and EVM are still missing. Based upon the measurement and simulation results we can propose values for both. The relationship between the two parameters has been shown and some background of the filter technology as well was given. The values for the Out-of-Band-Gain specification are the numbers taken out of the Table 2 filter no. 2. This is the maximum of flexibility at still acceptable values for the remaining gain outside of the operating bandwidth of the Repeater. 

Table 4: Out of band gain limits
Frequency offset from the carrier frequency, f_offset
Maximum Out-of-Band-Gain

2.7 ( f_offset < 3.5 MHz
60 dB

3.5 ( f < 7.5 MHz
45 dB

7.5 ( f_offset ( f_offsetmax MHz
45 dB

According to the measured results for EVM in Figure 3 the proposed value in order to have still some margin is 17,5 %. The margin is required in order to address the operation at full output power of the Repeater.

According to the measured results for Peak Code Domain Err in Figure 4 the proposed value in order to have still some margin is –35 dBc. The margin is required in order to address the operation at full output power of the Repeater.

The values presented shall contribute to the discussion. The goal is the presentation of a change request on the TS25.106 for RAN approval.













� R4-000012 Repeater feasibility study.
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