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1 Introduction

In GERAN#42 in Shenzhen, the two CRs introducing a new multicarrier Repeater class [1] and [2] were postponed. The conclusion was: A discussion paper was invited to be provided, showing that repeaters do not influence (negatively, i.e. that relaxation of requirements is justified, or, eventually, tightening is required), and assessing as well the amount of work to be done.
This document aims to provide such information.
2 Background

In the document TR45.050: "RAN, Background for RF requirements" [3] Repeater Scenarios are described in Annex E. These will be used to consider the influence of a new multicarrier repeater class.
3 Discussion
In this clause we discuss if the Repeater is going to amplifying the spurious emission and/or intermodulation of the BS 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.
(1) Spectrum due to modulation and wide band noise of the BTS

(2) Spurious emission of the BTS

(3) Considering the Intra BTS intermodulation attenuation of the BTS

We consider a downlink outdoor Repeater scenario from [3] Annex E3 but with power and gain values adapted to actual values.


[image: image1]
Figure 1: Outdoor Repeater Scenario, spurious emissions inside relevant transmit band
Additionally to tighten the scenario the BTS Txpwr is increased from 36 dBm to 43dBm.

Explanation of the scenario:

The repeater is typically located close to an area of marginal coverage (-95 dBm average signal strength at ground level). By placing a directional antenna (e.g. 20 dBi) on a tower (e.g. 15 dB gain from extra height and shadowing avoidance), the received signal strength can be increased to approximately ‑60 dBm, equivalent to a typical path loss between BTS top of cabinet (TOC) and repeater donor antenna connector of 103 dB.

To (1) and (2) : 
Considering the relaxation of the repeater requirements for multicarrier/multiband repeater compared to the non multicarrier/multiband repeater requirements we can observe the following:
As repeaters do not modulate, the “Spectrum due to modulation and wideband noise” is not relevant for repeaters. The wideband-noise in case of a repeater is considered part of the spurious emission.

Looking at the table added in the repeater standard for spurious emission (taken from GP-090612 [1]), it can be seen that the highest relaxation for repeaters is for Class 2 for a "Frequency offset outside relevant transmit band" of > 2MHz. In this band for frequencies from 9 kHz to 1 GHz the requirement is relaxed from -36 dBm to ‑25 dBm and for frequencies from 1 GHz to 12,75 GHz the requirement is relaxed from -30 dBm to ‑25 dBm. These are the same relaxation as for multicarrier BTS.
In the TS45.005 Annex E.4 Out of band gain [6] for Repeater the requirement is +35 dB at 1 MHz and +25 dB at 5 MHz offset and greater from the edges of the BTS and MS transmit bands.
Combining these two requirements for the relaxed values, for a "Frequency offset outside relevant transmit band" of > 2MHz, the level of the BTS transmitted spurious emissions is up to -25 dBm., the pathloss is 103 dB, the repeater out of band gain is +35 dB; with this values .

PoutBTS + Pathloss + Repeater out of band gain = Repeater Pout (spurious emissions of BTS as amplified by repeater)
e.g. -25 dBm – 103 dB + 35 dB = -93 dBm

[image: image2]
Figure 1a: Outdoor Repeater Scenario, spurious emissions outside relevant transmit band
For this frequency offset a measurement bandwidth of 30 kHz is specified.

This power level is far below any probable spurious emission generated by the repeater itself; considering the scenario this means that the BTS spurious signal at the donor port of the repeater (- 128 dBm / 30 kHz) is close to thermal noise (- 121 dBm / 200 kHz or -129 dBm / 30 kHz). Taking this offset as an example, the total spurious emissions of the repeater is independent of the spurious emission of the BTS. As the application of an outdoor-repeater is similar to the one of a BTS, the spurious emissions of the repeater could be defined similar to the ones of the BTS. For other offsets the expected results are similar.
To (3).:
Preface: Historically the definition and the way of measuring the Intra BTS / the repeater intermodulation are different. For the repeaters, offering a RF input and RF output, the measurement of the intermodulation performance uses CW signals (0 Hz bandwidth) as stimulus; in the case of BTS (as there is no way to feed in or generate a CW signal) modulated signals generated in the BTS are used.  

Considering the Intra BTS intermodulation attenuation of the BTS we find the requirements: 
-60 dBc or -36 dBm, whichever is less stringent in addition with the defined measurement bandwidth:
The measurement bandwidth for both the carrier and the intermodulation products is 300 kHz for offsets larger than 6 MHz, 100 kHz for offsets between 1.8 and 6 MHz and 30 kHz for offsets below 1.8 MHz. 
Especially for offsets less than 6 MHz this measurement captures only a PART of the intermodulation-power; for the repeater-measurement (using CW signals) always the FULL intermodulation power is measured. 
This means that in the past but also with the new proposed definitions, keeping CW-signals as a stimulus for the repeater intermodulation measurement, the requirement for the repeater is already more stringent than the one of the BTS. 
To demonstrate this we performed a measurement on a medium power repeater with CW and GMSK as stimulus. The RMS output power was the same for both, the CW and the GMSK measurement. 
2. Intermodulation attenuation with two CW signals (RBW = 30 kHz)
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3. Intermodulation attenuation with two GMSK signal (8 time slots with normal burst)

with 30 kHz RBW
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Figures 2. and 3. demonstrate that using a CW signal as stimulus results in an intermodulation distance of approx. 60 dBc in this case whereas the measurement with GMSK signals of equal bower result in approx 64.5 dBc. 
Note: the RMS power in case of the GMSK measurement seems lower than for CW but using a 30 kHz filter on a CW signal captures the total spectral power whereas using the GMSK only a fraction is captured.

So the intermodulation attenuation definition for repeater is already (and will be with the proposed values) approx. 4.5 dB tighter than for the BTS.

Consequentially we do not expect a system affecting degradation of the system performance introducing the multi carrier repeater classes in the standard as suggested during the last meeting.
For a band selective (broadband) Repeater the considerations and conclusions from figure 1 show that the emissions form the BS arriving at the repeater input port are in the same order of magnitude of the noise, even without considering the noise figure of the repeater. If the same requirements for multicarrier BTS and for multicarrier Repeater are specified, the two network elements would have the same influence to the system if the measurement definition would be equal; as the measurement for the repeater is more stringent the effect of the repeater is less than the one of the BTS
Since a channel selective (channelized) Repeater is designed to operate on a specific subset of ARFCNs only, a filter is implemented into the Repeater design. This filter will suppress the emission of the BS in addition to the considerations for band selective (broadband) Repeater if those emission fall outside the said subset of ARFCNs.
It can be concluded that relaxed requirements for the output port of the repeater will create no harmful influence to the system. 
4 Conclusion

We considered the DL path only in the foregoing statements, anyhow it is believed that the same applies for the UL 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] and [2] are approved as the revised version [4] and [5].
No further work is required.
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