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Compatibility between MCBTS and GSM-R systems

1  Introduction

During the recent discussions about the Work Item for the introduction of a multicarrier BTS class, the question came up to what extent compatibility studies have to be carried out within this Work Item before Change Requests could be approved by the GERAN community. This paper aims to express Alcatel-Lucent’s view. Furthermore, aspects concerning the compatibility between MCBTS and GSM-R systems are explained in more detail.

2  Alcatel-Lucent’s view on compatibility studies

Alcatel-Lucent’s view is that the compatibility between MCBTS and other systems in neighbouring frequency bands in general cannot be treated within the MCBTS Work Item in 3GPP GERAN. This is due to the fact that neighbouring systems in general address completely different fields of usage (like aeronautical services) and thus cannot be covered within 3GPP GERAN. Furthermore, the frequency allocation to different types of usage can be totally different in different geographical areas. From the practical point of view, it does not seem to make sense dealing with all possible radio frequency systems of the world within the GERAN community. Such tasks should rather be treated with the regulatory bodies as soon as there is principle consensus reached within GERAN and the respective Change Requests are approved.

However, the situation looks different when GSM-R applications are seen as “neighbouring” system. In this case, the required expertise is fully present at 3GPP GERAN and thus it is possible to deal with this topic before Change Requests are approved. On the other side, Alcatel-Lucent believes that the aspects relevant for the compatibility between MCBTS and GSM-R applications have already been treated both by theoretical assumptions as well as by a large number of simulations on the network level. In the following, the investigations done so far to justify the relaxations of some GSM radio requirements are focused in the light of the compatibility with GSM-R.

3. Relaxations of some GSM radio requirements seen in the light of GSM-R

The goal of this chapter is to investigate if the justifications given for the relaxation of some GSM radio requirements also hold for GSM-R or if there is additional need for further investigations. Since the discussion about duplex antenna filters and their attenuation behaviour has led to some confusion, in the following it is assumed that there is no filtering at all.

3.1 Relaxation of blocking requirements

There are two aspects relevant for GSM-R:

· The blocking requirements refer to the BTS receiver. Consequently, by a relaxation, no other operator will be affected in an uncoordinated scenario.

· Furthermore, during the GERAN discussions, it was proposed to split the blocking requirements in the way that those of GSM-R are kept unchanged and only those of “public” GSM networks are relaxed.

As a consequence, in principle there cannot be any impact of the relaxation of the blocking requirements on the compatibility with GSM-R.

3.2 Relaxation of the intermodulation attenuation
In order to justify the relaxation of the intermodulation attenuation, a large number of investigations was carried out, starting from theoretical analysis via the investigation of equipment over-performing the specifications and finally by simulations on the network level. In the following it is examined if these arguments are valid for GSM-R, too:

· The severe inconsistency between the linearity requirement for BTS transmitters and for MS receivers was described in [1]: If in an uncoordinated scenario, an MS is close to a BTS of another operator, the MS will receive the carriers from this BTS at a rather high power level. It will also receive the intermodulation products from the BTS but it will additionally generate its own intermodulation products on the same frequencies due to its internal non-linearity. As it was shown in [1], the levels of the intermodulations caused in the MS receiver are far beyond what the MS receives from the BTS. This argumentation is valid for GSM-R, too.

· In [2] it was shown that this argument is even valid in case that the MS equipment is over-performing it’s linearity requirements. These assumptions did not exclude GSM-R and thus are not only valid for “public” GSM networks but also for GSM-R.

· Furthermore, simulations on the network level have been done and described in [3]. In several scenarios it was shown that even in the worst case there was only negligible impact on the throughput in a cell if the intermodulation attenuation of an interfering BTS was relaxed by 10 dB. These simulations can also be taken as basis for GSM-R applications.

On the field of intermodulation attenuation, all investigations done so far can also be used as a proof of the compatibility between MCBTS and GSM-R.

3.3 Relaxation of the measurement method of the spurious emissions

First of all, it shall be mentioned that in 1994, a paper from Nortel Matra Cellular [4] described that it would be reasonable to use the average instead of the peak-hold detector in the measurement procedure for the spurious emissions.

In the following, we want to give further evidence that such a relaxation has negligible impact on the GSM system performance including GSM-R applications. First of all, let’s assume that going from peak-hold to average measurement amounts to a relaxation of roughly 10 dB. Thus, the current spurious emissions limit of -36 dBm (measured with peak hold detector) corresponds to roughly -46 dBm (when measured with average detector). As an example, let’s take for the following considerations the measurement bandwidth of 30 kHz. Going from 30 kHz to a bandwidth of 200 kHz leads to a conversion factor of approx. 8 dB. Then the limit of the spurious emissions (measured with average detector in 200 kHz) would be at –38 dBm (note: for higher measurement bandwidths of the spurious emissions, the respective conversion value would be smaller thus leading to average levels of the spurious emissions below –38 dBm).

Now let’s compare these values with the network simulations carried out for the relaxation of the intermodulation attenuation: In [3], “scenario 4” there was a micro cell assumed containing a multicarrier BTS of another operator. This interfering BTS was set to generate an output power of 40 dBm. According to the “unrelaxed” intermodulation attenuation requirement, the intermodulation products have to be at a power level 79 dB below the carrier power (see [1]), that means at –39 dBm (measured with average detector). The bandwidth is 200 kHz, i.e. the same as assumed for the spurious emission level calculated above. Consequently, the power level of the “unrelaxed” intermodulation products (as assumed in [3]) is in the same range as the level of the spurious emissions according to the current specification. Concerning the power levels, the interference scenario caused by spurious emissions is comparable to that of the intermodulation products.
Let's now take into account the difference between intermodulation products and spurious emissions from the BTS transmitter as they are received at an MS within the given cell: the intermodulation products are generated both by the BTS transmitter and the MS receiver, thus depending on the pathloss and the linearity of the MS receiver. The spurious emissions (due to their low level) are just depending on the pathloss between the BTS transmitter and the MS receiver but not on the linearity of the MS receiver. Or in other words: the possible impact of the spurious emissions can be investigated in the network simulations in the same way as the intermodulation products if the modelling assumes a linear MS receiver. Such a case was already described in [3], “scenario 4”. The simulation results are repeated in Figure 1 and Figure 2. In the zoom in Figure 2, it is shown that the cumulative distribution function rises by less than 0.1 % in case that the interference level is increased by 10 dB starting from an interference level as it is given today. Consequently, the change of the measurement method for the spurious emissions from peak-hold to average detector has negligible impact on GSM systems including GSM-R.
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Figure 1: CDF vs. maximum throughput in three cases (without Interference, with “unrelaxed” level of interference and with Interference relaxed by 10 dB), calculated in the small cell scenario.
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Figure 2: Zoom of Figure 1, example around throughput values of 55 kbps.
4 Summary

In this paper, Alcatel-Lucent’s view concerning the treatment of regulatory issues within the MCBTS Work Item was described. It was explained why it is reasonable to take into account compatibility with GSM-R only. For this compatibility aspect, a number of recent arguments was regarded in the light of GSM-R and a new consideration concerning the spurious emissions measurement was given. Please note that in none of the described cases, the additional effect of filtering by a duplex filter was the basis for the justification.

5 Conclusions

Taking into account all arguments mentioned above, we can state that the compatibility between MCBTS and GSM-R is already broadly covered and proved by the investigations that have been carried out and presented at the recent GERAN meetings. No one of these investigations has given evidence that there will be any problem for GSM-R networks in case that the proposed relaxations for the multicarrier BTS class are approved by the GERAN community.
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