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Correction of the MCBTS intermodulation attenuation requirement for higher carrier spacings
1  Introduction

At the 3GPP GERAN # 47 meeting, the discussion paper [1] was presented by Alcatel-Lucent showing three topics for improvement on the field of the MCBTS intermodulation attenuation. While two of these topics were solved by corresponding Change Requests approved at that meeting, the third one (intermodulation measurement at high frequency spacing) was just discussed but no agreement was reached.

2  Objective

It is the aim of the present discussion paper to give new evidence for a correction of the GSM specifications when MCBTS is tested with the carriers distributed over the full declared maximum base station RF bandwidth (MCBTS test case b). Furthermore, a proposal is given to overcome this issue without a significant change of the MCBTS requirements.
3  Discussions
Extract from the discussion paper presented at 3GPP GERAN # 47
In [1], it was stated that “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… 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.” A measurement example was also presented that is shown in Figure 1.
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Figure 1: Measurement example showing the violation of the current mask by an IM product that fulfils its IM requirement.
Discussion at the 3GPP GERAN # 47 meeting
In an offline discussion at the 3GPP GERAN # 47 meeting, the view was expressed that the mentioned topic is solved by applying the allowed spectrum exceptions in the channels at +/-400 kHz offset from the centre frequencies of the intermodulation products.
New investigations
In order to investigate the compliance of the intermodulation products with the current specifications when the carriers are distributed over the maximum Base Station RF bandwidth, a Matlab simulation was performed. Six GMSK-modulated carriers were distributed according to TS 51.021, test case b, in a bandwidth of 20 MHz. In the next step, this signal was distorted based on a simple power amplifier model and the spectrum shape of the intermodulation products was evaluated. With this procedure, any dependency on a special implementation of the transmitter hardware or the predistortion algorithm could be excluded. The result can be seen in Figure 2. Assuming that the peak of the intermodulation product fulfilled the limit of -60 dBc, we can see that outside the 600 kHz range around the intermodulation peak, the value of -70 dBc is exceeded by far. Thus, it becomes obvious that even using the allowed spectrum exceptions would not help to comply with the specification (note that in this simulation, the peak of the intermodulation product was actually above -60 dBc – no predistortion was carried out - and that it was just shifted down to -60 dBc for the sake of easier interpretation of the plot).
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Figure 2: Simulated spectrum of an intermodulation product, without digital predistortion.
A similar behavior could be observed when the digital predistortion was also taken into account: While the intermodulation product is compliant with the specification in a range of 600 kHz around the intermodulation peak, the spectrum outside exceeds the limit that is allowed by the spectrum exceptions.
Or in other words: In order to comply with the specification, the peaks of the intermodulation products must actually be significantly below -60 dBc. This can only be achieved by reduced driving of the power amplifier and/or by higher effort for digital predistortion (more complex algorithms). Consequently, the achieved output power and also the energy efficiency is lower than it could be when the intermodulation peak would be at -60 dBc. Furthermore, the effort in the digital domain is higher than actually needed, leading to higher costs. This is not reasonable because it was shown in many simulations from various companies that an intermodulation power level of -60 dBc has no negative impact on other networks. Why should a lower power level that comes from the same intermodulation product be a problem?
4  Proposal
In order to improve the output power and energy efficiency of MCBTS transmitters - that means to allow “green” base stations - but also in order to avoid unnecessary costs in the digital domain, the following is proposed: If a part of the spectrum obviously belongs to an intermodulation product and not to the wideband noise, the limit of the intermodulation attenuation requirement should be applied. Or in other words, the frequency range in which the intermodulation attenuation requirement is applied, should be extended from 600 kHz to at least 800 kHz.
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