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Investigations of GSM-R Worst Case Scenarios

Introduction

At the GERAN# 31 meeting, Alcatel presented a paper [1] proposing the relaxation of some GSM radio requirements in order to enable the feasibility of GSM multicarrier transceivers. It was stated that due to several inconsistencies in the GSM standard, there would be no system impact by these relaxations. Since then, a high number of discussions took place within the GERAN community about possible impacts on GSM systems, also including GSM-R. In a number of further discussion papers, these concerns were addressed with additional theoretical investigations but also with simulations on the network level. However, railway operators using GSM-R systems are not directly present in the GERAN community and thus, there was a certain lack of information about all possible concerns that could exist if GSM multicarrier transceivers with relaxed requirements were applied in the presence of GSM-R systems. Therefore, direct discussions with GSM-R users were started. Such direct discussions are very important because after an approval in the GERAN community, there will be a regulatory process in which possible impacts on neighbouring radio systems have to be addressed before changes in the specifications will be implemented in the according norms. 

Background

As a first step, the special properties of GSM-R systems were analysed. While public GSM networks aim to cover surface areas, GSM-R has to cover railway lines, i.e. the GSM-R BTSs are located along the railway tracks. Since GSM-R serves for security relevant applications (control of trains in the current section of the railway track), the security of the coverage has very high priority. Most critical is the handover zone between two GSM-R BTSs. If the handover does not succeed, the train has to be braked for security reasons. This leads to disruptions in the railway operation resulting in delays.

Downlink worst case scenario

The most critical scenario for GSM-R downlink is if a BTS of an uncoordinated GSM network is located close to the sensitive handover zone between two GSM-R BTSs. This is illustrated in 
Figure 1
. The situation is the following: A GSM-R receiver in the train receives the signal from GSM-R BTS 1. At the cell edge of GSM-R BTS 1, the signal level of this BTS becomes very low and thus a handover to GSM-R BTS 2 has to be carried out. The problem is that in that zone the wanted signals are rather small while the unwanted signal level received from the uncoordinated network (in the example from the BTS of a “public” GSM network) can be comparably high. The GSM-R receiver in the train is targeting the frequency band 921…925 MHz. Let’s assume that the uncoordinated BTS of the “public” GSM network operates in the neighbouring E-GSM band, adjacent to the band used for GSM-R.
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Figure 1: Worst case scenario for GSM-R downlink: BTS of an uncoordinated GSM network is located close to the handover zone between two GSM-R BTSs.
In this case, the proposed relaxation of the BTS intermodulation attenuation and that of the spurious emissions is relevant. The proposed relaxation of the BTS receiver blocking does not affect the GSM-R receiver in the train.

In order to assess the effect of the relaxations, let’s first regard the situation without relaxations. For this we assume that the uncoordinated BTS transmits two carriers (with only one carrier, the specification of the intermodulation attenuation would make no sense). The GSM-R receiver in the train receives the following interferences from the uncoordinated BTS:

spurious emissions, according to TS 45.005 section 4.3, 

intermodulation products, according to TS 45.005 section 4.7 and

the two transmitted carriers.

On the way from the uncoordinated BTS to the GSM-R receiver in the train (actually from antenna to antenna), these interferences are attenuated by the same propagation loss.

Since the GSM-R receiver in the train is not absolutely linear, it generates internal intermodulation products of the two carriers received from the uncoordinated BTS. These internal intermodulation products occur at the same frequencies as those received from the uncoordinated BTS (the frequency of an intermodulation product does not depend on the factor of non-linearity but on the fact that there is e.g. a third order non-linearity at all).

In order to derive the “absolute” worst case, we assume that the train is closest possible to the uncoordinated BTS and that this BTS is transmitting at a  high power level (because then, the received interference levels are the highest, without and with relaxation).

In [1], this case was already calculated for an uncoordinated BTS transmitting two carriers at a power level of 39 dBm and the inconsistency between the BTS transmitter linearity requirement and the MS receiver linearity requirement was demonstrated. In the following, we assume a power level of 46 dBm because this is more typical for nowadays high power BTSs.

Taking the Minimum Coupling Loss (MCL) of 65 dB with an additional 3 dB body loss, the GSM-R receiver in the train would receive these two unwanted carriers at a power level of

46 dBm – 68 dB = -22 dBm.

(Note: In case that the GSM-R receiver is connected to an antenna on the roof of the train, the body loss might not apply. Then the MCL might be even lower, resulting in a higher power level at which the GSM-R receiver obtains the carriers of the uncoordinated BTS. In the following, this would lead to even higher GSM-R internal intermodulation products making the proposed relaxations even more negligible).

Similar to the calculation in [1], let’s now derive the power level of intermodulation products that are generated by the receiver itself.

Looking at section 5.3 of TS 45.005, we see that the intermodulation of the MS receiver front end is specified as a reduction of 3 dB MS sensitivity when two inputs at - 43 dBm at frequencies f2 and f3 are applied. Note that unlike in [1], we use the non-relaxed value of –43 dBm because this is valid for high power MSs used in GSM-R.

Assuming for the MS a noise factor (NF) of 12 dB (another assumption is used below), the noise floor in the MS is rougly - 109 dBm. A desensitization of 3 dB is obtained if the IM products generated by the MS are at the same level (here and in the sequel, levels for MS IM products are the actual levels divided by the overall gain of the MS receiver chain, i.e. fictitious levels at the MS antenna connector). If the two unwanted carriers received from the uncoordinated BTS were at - 22 dBm instead of - 43 dBm, the IM3 generated by the MS would hence be at 

3 * (-22 - (-43)) - 109 = - 46 dBm.

This calculation takes into account the fact that the IM3 products increase by 3 dB if the input power is increased by 1 dB.

We can summarize that if a train is very close to an uncoordinated BTS, its GSM-R receiver may generate internal intermodulation products of up to –46 dBm. If the uncoordinated BTS transmitted at an even higher power level or if the propagation loss would be smaller due to the directivity of the antenna on the train, the power level of the internal intermodulation products of the GSM-R receiver would be accordingly higher. When the GSM standard was derived, this was obviously not seen as a problem for GSM-R systems. Or in other words: in order to deal with such situations, the coverage of the railway tracks must have been planned accordingly.

To deliver a more realistic view on the situation today, let’s take into account that due to technological progress, the GSM-R receivers might over-perform their specifications concerning noise figure and linearity. Therefore let’s assume that modern GSM-R receivers have a reduced noise figure of 6 dB and a linearity that is 10 dB higher than according to the original specification. If the calculation shown above is carried out with the reduced NF, the IM3 generated by the MS would hence be at 

3 * (-22 - (-43)) - 115 = - 52 dBm.

If the linearity is 10 dB higher, the IM3 products would be reduced by 3 * 10 dB = 30 dB. All in all, the receiver over-performing the specifications would generate IM3 products at a power level of 

PIM3, due to MS receiver = – 82 dBm.

Let’s now compare what power level of intermodulation products will be received from the uncoordinated BTS: As it was derived in [1], the power level difference between the carrier and the intermodulation components is 79 dB if measured in the same bandwidth (without relaxation). Then the IM level generated by the uncoordinated BTS is

46 dBm – 79 dB = -33 dBm.

Taking into account the MCL of 68 dB, these IM products are received at the GSM-R receiver at a level of 

-33 dBm – 68 dBm = -101 dBm.

A relaxation of 10 dB, as it roughly results by going from peak-hold to average measurement, would hence lead to IM products at a power level of

PIM3, due to BTS relaxation = – 91 dBm.

This power level is still 9 dB below the power level at which the GSM-R receiver generates intermodulation products internally due to its own non-linearity.

As initially stated, this worst case scenario would not only be affected by the proposed relaxation of the intermodulation attenuation, but also by the proposed relaxation of the spurious emissions. Therefore, we try an estimation of the interference level caused by the spurious emissions and finally want to superpose the effects of the two relaxations.

TS 45.005 section 4.3 defines the spurious emissions power level to a maximum of –36 dBm (in different measurement bandwidths according to the offset from the carrier, the bandwidth of 30 kHz gives the highest amount of spurious emissions compared to higher measurement bandwidths). According to the un-relaxed specification, this is measured with peak-hold detector. Assuming a peak-to-average ration of roughly 10 dB, we can state that the un-relaxed average power level of the spurious emissions is at about – 46 dBm. This is the level at the antenna of the  uncoordinated BTS. At the GSM-R receiver, this level is reduced by the MCL:

Pspurious emissions, un-relaxed = -46 dBm – 68 dB = -114 dBm.

The proposed relaxation of the spurious emissions (going from peak-hold to average measurement) would result in an increase of the interference level of approximately 10 dB. Then we get

Pspurious emissions, relaxed = -114 dBm + 10 dB = -104 dBm.

In order to estimate the combined effect of both relaxations (intermodulation attenuation and spurious emissions), we calculate the interference power levels of both effects. Therefore, we first have to take into account the different measurement bandwidths: While the intermodulation power levels were derived from the carrier power and thus a bandwidth of 300 kHz is implied, the spurious emissions are assumed to be measured with 30 kHz. Let’s assume that the power level of the spurious emissions increases by approximately 10 dB when going from 30 kHz to 300 kHz measurement bandwidth. Then we get

Pspurious emissions, relaxed, 300 kHz = -104 dBm +10 dB = -94 dBm.

This is 3 dB below the power level of the relaxed intermodulation products. However, to facilitate the calculation, let’s assume that the spurious emissions and the intermodulation products are both at a level of –91 dBm. Then the cumulated power level is

P all interferences, relaxed = - 88 dBm.

This interference level is still 6 dB below the power level of the intermodulation products generated by the GSM-R receiver itself.

Summary of the investigations of the downlink worst case scenario

In the worst case scenario as described above, the current specification allows the GSM-R receiver in a train to generate a quite high power level of internal intermodulation products. Since the existing GSM-R networks are based on this specification (and not on tightened ones), we can assume that the radio coverage along railway tracks is implemented to deal with such high intermodulation levels in the GSM-R receivers. But even if we take into account GSM-R receivers that over-perform their requirements and compare the resulting receiver internal intermodulations with those caused by the proposed BTS relaxations, we come to the conclusion that the cumulated interference level of the relaxations is still well below the level of interference that occurs due to the non-linearity in the GSM-R receiver. Note that this was derived for the MCL, i.e. for the lowest possible attenuation between the train and the  uncoordinated BTS. For higher distances between train and uncoordinated BTS, all interference power levels (in the non-relaxed and in the relaxed case) are smaller, thus leading to less impact. All in all, we can state that the sensitive handover zones in GSM-R networks are not impacted by the proposed relaxations of the GSM standard for multicarrier BTSs.

Uplink worst case scenario

In the following, an approach is made to check if there might be an impact in the worst case scenario for the GSM-R uplink due to the proposed relaxations. As illustrated in Figure 2, it is assumed that a train is passing the cell edge between two GSM-R BTSs and the handover has to be carried out properly. Furthermore it is considered that the GSM-R BTS 2 receives the weak wanted signal from the train and is at the same time interfered by an uncoordinated BTS of a “public” GSM network. 
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Figure 2: Worst case scenario for GSM-R uplink: BTS of an uncoordinated GSM network is located close to a GSM-R BTS.

Let’s now investigate the possible influence due to the proposed relaxations:

· Relaxation of the Rx blocking requirements: In the latest blocking table, the application of relaxed blocking values for GSM-R usage is excluded per definition. Or in other words: the performance of GSM-R BTS receivers will not change at all. Thus, there is no influence given by the blocking relaxation.

· Relaxation of the Tx intermodulation attenuation and spurious emissions: It is not intended to relax the values in the GSM BTS receive band. Furthermore it has to be noted that the GSM-R uplink band is located between 876 and 880 MHz. That means it is separated from the GSM downlink band by the complete BTS receive band for P and E GSM, i.e. due to the bandwidth separation the attenuation brought by the duplex filter would anyway reduce the BTS interference to a negligible level not exceeding the internal noise floor. Consequently, the proposed relaxations of the Tx intermodulation attenuation and the spurious emissions do not affect the GSM-R uplink.

Summary of the investigations of the uplink worst case scenario

The proposed relaxations do not affect the GSM-R uplink. As a consequence, there is no risk that the handover in GSM-R systems would fail due to the relaxations.

Conclusion

In this document, the proposed standard relaxations are investigated from the point of view of GSM-R worst case scenarios. It is shown that the proposed relaxations do not harm GSM-R systems.
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