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Proposals for the MCBTS intermodulation attenuation requirement in TS 45.005 and the 
corresponding tests in TS 51.021
1  Introduction

During many meetings of 3GPP GERAN, the requirement of the intermodulation (IM) attenuation in the MCBTS classes was under discussion. The corresponding tests have been modified and extended for several times. However, when taking a closer look at the details how the IM attenuation requirement and the corresponding tests are currently specified, a number of weaknesses can be identified. These topics either lead to unnecessary test effort or to inconsistencies. The latter ones in turn lead to a degradation of the achievable output power and energy efficiency. The critical topics are listed and explained in the following and corrections in the standards are proposed.
2  Topics for improvement
Order of IM to be measured
In [1], sub-clause 6.7.2, the measurement of the IM attenuation in the relevant TX band is split into the cases for BTSs not belonging to a multicarrier BTS class and for BTSs belonging to a multicarrier BTS class:
· In case of BTSs not belonging to a multicarrier BTS class, “the power of all third and fifth order intermodulation products shall be measured” whereas

· in case of BTSs belonging to a multicarrier BTS class, “at least the power of all third and fifth order intermodulation products shall be measured”.
It is not comprehensible why in case of BTSs belonging to a multicarrier BTS class, the order of IM to be measured should be different than in case of BTSs not belonging to a multicarrier BTS class. Furthermore, due to the physics of the power amplifier, it can be assumed that if the fifth order IM product fulfills the specification, the higher order IMs (such as the seventh or ninth order IM) will fulfill the specification with even higher margin.
In order to address this topic, we propose to delete the formulation “at least” in sub-clause 6.7.2.
Intermodulation measurement at minimum frequency spacing
In order to allow a quick evaluation of the compliance with the specification, it is useful to apply a mask to the signal spectrum. According to the principles that have been agreed for MCBTS, this mask is partly defined by the requirement of the IM attenuation and partly by the requirement of the cumulated wideband noise. In the following, a possible misinterpretation in the derivation of this mask is described:
In [2], sub-clause 4.7.2.1, part b (Requirements for multicarrier BTS), the following requirement is given:
“In case of the multicarrier BTS class 1, the average power measured at the centre frequency of intermodulation components and at the centre frequencies of their adjacent channels (±200 kHz) over a timeslot shall not exceed -70 dBc…
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”.
The same applies for multicarrier BTS class 2, except that in this case the IM3 products may go up to -60 dBc. Note that taking additionally the adjacent channels was aiming to address the fact that the IM products cover more than one channel.
In all other cases, the specification of the spectrum due to modulation and wideband noise applies. 
Let’s now assume a test according to [1], sub-clause 6.12.2, test case a) with six carriers located at minimum frequency spacing of 600 kHz. The most distant IM3 product will then occur at an offset of 3 MHz from the uppermost or lowermost carrier. Let’s furthermore focus on the frequency range at offsets between 1.8 and 3 MHz from the carriers.
Interpretation 1 (in accordance with the discussions at 3GPP GERAN)
If we interpret the IM requirement part in the way it was intended, then the IMs in every channel where an IM has to be expected as well as in every adjacent channel may go up to -70 dBc (multicarrier BTS class 1) or -60 dBc (multicarrier BTS class 2). 
Since in the present test case, every channel between 1.8 and 3 MHz is either a channel where an IM3 occurs or is an adjacent channel, the overall mask would be constant at a value of -70 dBc (multicarrier BTS class 1) or -60 dBc (multicarrier BTS class 2) in the range between 1.8 and 3 MHz. In Figure 1, an example is drawn for the multicarrier BTS class 2.
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Figure 1: Interpretation possibility 1, assuming the intended IM requirement.
Interpretation 2 (taking into account the measurement bandwidth)
However, another interpretation can result when we take into account the measurement bandwidths in [2], sub-clause 4.7.2.1, part b (Requirements for multicarrier BTS):
While the channel raster is 200 kHz, the measurement bandwidth to be applied in the frequency range between 1.8 and 3 MHz is 100 kHz. This would mean in the case of multicarrier BTS class 2 that at multiples of 200 kHz, blocks of 100 kHz would be allowed to go up to -60 dBc. In between these blocks, the cumulated wideband noise would have to be applied. In [2], sub-clause 4.2.1.2, the following requirement is given:

“…Depending on the active carrier number N, for frequency offsets higher than or equal to 1.8 MHz, the value of the spectrum due to modulation and wideband noise given for the measurement with single carrier may not increase by more than calculated from the expression 10∙log (N) dB…”.
The wideband noise (measured in 100 kHz) of a single carrier (measured in 30 kHz) between 1.8 and 3 (actually 6) MHz is limited at -75 dBc. If the carrier was also measured in 100 kHz (to be in line with the definition of the IM requirement where both the carrier and the IM product are measured with 100 kHz) the difference would expand to roughly -80 dBc. Due to the 10 log (N) formula, an increase of the noise in the range of 7.8 dB would be allowed. Then the cumulated wideband noise would be at -72.2 dBc, that means more than 12 dB below the IM limit of multicarrier BTS class 2.
As shown in Figure 2, then a mask with the shape of a meander results.
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Figure 2: Interpretation possibility 2, taking into account the measurement bandwidth.
Interpretation possibility 2 makes no sense from the physical point of view (why should the IM products have a ripple in between?) and would lead to a much more stringent mask than interpretation possibility 1. Therefore, we suggest to correct the definition of the IM requirement e.g. in the following way:
“In case of the multicarrier BTS class 1, the average power in the channels of intermodulation components and in their adjacent channels (±200 kHz) over a timeslot shall not exceed -70 dBc…” For multicarrier BTS class 2, the same type of modification is proposed.
Intermodulation measurement at high frequency spacing

Just recently, a new IM test (test case b) was introduced in the test specification where the carriers have to be “distributed” … “over the corresponding declared maximum Base Station RF bandwidth”.
Due to the higher offset between the carriers, their IM products will also shift away from each other. Consequently, the mask at frequency offsets higher than 1.8 MHz will have the shape of a meander, with parts limited by the IM requirement and in between limited by the cumulated wideband noise. But even using the interpretation 1 mentioned above, this may lead to problems. The reason is that up to now, only three channels (the centre channel and the adjacent channels at +/- 200 kHz offset) around an IM product are allowed to fulfill the IM requirement. However, in reality a GSM carrier is not exactly limited to a 200 kHz channel and thus, the IM3 products will also leak into the alternate channels at +/- 400 kHz. The power level caused by the IM3 in the alternate channels is significantly lower than at the centre frequency of the IM. But it is still higher than the value of the cumulated wideband noise, thus violating the current specification. An example is shown in Figure 3.
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Figure 3: Measurement example showing the violation of the current mask by an IM product that fulfils its IM requirement.
In order to fulfill the current mask, the driving of the power amplifier would have to be significantly reduced. This is not reasonable, especially taking into account that it was shown by several companies that even an interferer level of -60 dBc does not lead to a system impact and the leakage in the alternate channels is well below -60 dBc.
In order to overcome this problem, the following solutions are possible:

- Exclude the alternate channels from the measurements.

- Allow the same IM power level in the alternate channels (at +/-400 kHz offset) as in the centre channels (i.e. -60 dBc in case of multicarrier BTS class 2).
Alcatel-Lucent would like to initiate a discussion at 3GPP GERAN about the best possible solution.
3  Conclusions

In this discussion paper, several topics related to the requirement and the tests of the IM attenuation are listed and explained that need further consideration and correction. For each topic, proposals are made in order to overcome the described problems. We kindly ask 3GPP GERAN to deal with these points and to agree on the proposals.
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