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1 Introduction

In GERAN #42 in Shenzhen, two CRs [1, 2] introducing a new multicarrier Repeater class were postponed.  These CR’s where postponed to allow for an invited discussion paper to be provided which addresses 

· whether repeaters influence the system negatively, 

· whether relaxations / tightening of the requirements is justified, 

· and how much work on this topic is needed.

The aim of this paper is to provide such information. 

2 Background

In Annex E “Repeater Scenarios” of the document TR45.050 “RAN, Background for RF Requirements”, various repeater scenarios are given.  These will be used to consider the influence of a new multicarrier repeater class.  

3 Discussion

In the first part of this paper, we discuss whether the output spectrum of a repeater will be significantly influenced by the spurious emission and/or intermodulation of the BTS and whether or not the relaxation of the repeater specification in conjunction with the BTS relaxation will result in adverse effects on the overall end to end system performance.

Towards this end, an outdoor repeater scenario is adapted from Annex E in TR45.050 “RAN, Background for RF Requirements” [3].  In Annex E the downlink model is utilized but with the power and gain values changed. The basestation transmit power is changed from +36 dBm to +43 dBm to reflect a more current value.   In addition, the path loss between the basestation and repeater is changed to 103 dB.  

Changing the path loss can be justified by considering a typical installation scenario.  A repeater is typically located close to an area of marginal coverage where the average received power at ground level is -95 dBm.   A repeater donor antenna typically has a gain of perhaps 20 dBi.  In addition, if the directional antenna is elevated above the ground, an additional 15 dB of gain can be achieved due to the extra height and shadowing avoidance.  Therefore, the received signal level would be -60 dBm which is equivalent to a typical path loss between the BTS Top-Of-Cabinet (TOC) and repeater donor antenna connector of 103 dB.  

3.1 Spectrum due to the modulation and wide and noise

We first consider the basestation’s RF modulation spectrum as specified in section 4.2.1 “Spectrum due to the modulation and wide band noise” in TS 45.005.   The RF modulation spectrum is defined by the spectral mask in table a2.  For an output power level of +43 dBm and a path loss of 103 dB, the spectral mask can be translated to the donor antenna connector of the repeater and the thermal noise can be superimposed.  This is shown in Figure 1.  
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Figure 1 - Spectral mask translated in repater input
As can be clearly seen in the above figure, all except the close-in spectrum lies below the thermal noise.  It should also be noted, that the thermal noise does not include the noise figure of the repeater.  Any additional noise due to the noise figure of the repeater will serve to push the modulation spectrum further below the thermal noise.  Therefore, the contribution by the basestation to the output spectrum of the repeater will be negligible. 

3.2 Spurious Emission

Next we consider the basestation’s spurious emissions as defined in section 4.3 “Spurious emissions” in TS 45.005.   The highest level of relaxation for the Multicarrier BTS occurs for class 2.  The specification is shown in the table below.

Table I - Multicarrier BTS class 2 spurious emission specification

	
	
	Multicarrier BTS – Class 2

	Band
	Frequency offset
	BTS output

(dBm)
	Repeater Input

(dBm)
	Input Noise power

(dBm)
	Bandwidth

(kHz)

	9 kHz – 

1 GHz
	( 2 MHz
	-25
	-128
	-129
	30 kHz

	
	( 5 MHz
	-20 – 4.2((f – 5)
	-123 – 4.2((f – 5)
	-124
	100 kHz

	
	( 10 MHz
	-36
	-139 
	-119
	300 kHz

	1 GHz – 12.75 GHz
	( 2 MHz
	-25
	-128
	-129
	30 kHz

	
	( 5 MHz
	-20 – 4((f – 5)
	-123 – 4((f – 5)
	-124
	100 kHz

	
	( 10 MHz
	-30
	-133
	-119
	300 kHz


In above table, the column labelled “BTS output” is the original specification from section 4.3.2.1 in TS 45.005.  The column labelled “Repeater Input” is the BTS emission power level at the repeater input and the column labelled “Input Noise Power” is the thermal power level at the repeater input.  It is clearly seen that the BTS spurious emissions at the input are at nearly the same level as the noise.  In addition, it should also be noted, that the thermal noise does not include the noise figure of the repeater.  Any additional noise due to the noise figure of the repeater will serve to push the spurious emission spectrum further below the thermal noise.  Again, the contributed by the basestation to the output spectrum of the repeater will be negligible.

Therefore, for a practical repeater scenario, the out-of-band emission defined in section 4.2.1 “Spectrum due to the modulation and wide band noise” and the in-band emissions defined in section 4.3 “Spurious emissions” will not contribute significantly to the output spectrum of a repeater.   As the application of an outdoor-repeater is similar to the application of a BTS, the spurious emissions of the repeater could be defined similarly to that of the BTS.  Furthermore it shall be noted that no additional degradation due to the cascade of BTS and repeater are to be expected in the scenarios considered in this discussion paper. This gives even more justification to the adoption of the BTS values for the spurious emission specification of the multicarrier repeater.

3.3 Intermodulation attenuation

Finally we consider the intermodulation attenuation of the basestation and the repeater.  Historically the definition and the way of measuring the BTS and repeater intermodulation are different.  For repeaters with a RF input and a RF output, the measurements of the intermodulation performance use CW signals as stimulus; whereas with the BTS, modulated signals are used.

The Intra BTS intermodulation attenuation specification for a multicarrier BTS class 2 is -60 dBc or -36 dBm whichever is less stringent.  We will consider offsets below 1.8 MHz since the other offsets follow similarly.  For an offset of less than 1.8 MHz, the measurement bandwidth is 30 kHz.  The purposed repeater intermodulation products are specified as -66 dBc or -36 dBm whichever is less stringent.  The measure bandwidth is 3 kHz.  Therefore, the relative measurement for the repeater is 6 dB more stringent than the BTS specification.

The use of different stimulus signals makes the repeater specification even more stringent than the BTS specification.  To demonstrate this, two measurements are made with a medium power repeater.  In the first measurement CW signals are used as stimulus and in the second measurement GMSK signals are used as stimulus.  In both cases, the power levels of the CW and GMSK signals are the same.  The results are shown in Figure 2 and Figure 3.
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Figure 2 - Intermodulation attenuation with CW stimulus signals
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Figure 3 - Intermodulation attenuation with GMSK stimulus signals

It can been seen from Figure 2 that when a CW stimulus is applied to the repeater, the resulting distortion products are approximately 60 dBc; whereas from Figure 3, it can be seen that when a GMSK stimulus is applied the resulting distortion products are approximately 64.5 dBc.  Therefore, although the power level into the repeater is the same in both cases, the intermodulation attenuation is approximately 4.5 dB better when GMSK signals are used as stimulus instead of CW signals.

Given that the repeater specification for relative intermodulation attenuation is already defined to be 6 dB more stringent, the use of different stimulus signals make the repeater specification significantly even more stringent.  Furthermore it shall be noted that no additional degradation due to the cascade of BTS and repeater are to be expected since the intermodulation products generated by the repeater will be significantly less that the products generated by the BTS. Therefore, it is not expected that the system will be significantly impacted by the proposed multicarrier repeater specification.

4 Conclusion

We considered the downlink path only in the foregoing analysis; however, it is believed that the same applies for the uplink path as well.  Since it has been shown that the new multicarrier Repeater class is not influencing the system negatively, it is proposed that the postponed documents [1, 2] are approved as the revised version [4, 5].  As a result, no further work is required.

5 References:

[1] GP-090612 CR 45.005-0228 Introduction of a new multicarrier Repeater class (Rel-8).

[2] GP-090613 CR 51.026-0005 Introduction of a new multicarrier Repeater class (Rel-8)
[3] 3GPP TR45.050: "Radio Access Network; Background for Radio Frequency (RF) requirements"

[4] GP-09xxxx CR 45.005-0xxx Introduction of a new multicarrier Repeater class (Rel-8).

[5] GP-09yyyy CR 51.026-0xxx Introduction of a new multicarrier Repeater class (Rel-8)
[6] 3GPP TR45.005: "Radio Access Network; Radio transmission and reception"
