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Considerations concerning GSM-R and the proposed relaxations of radio requirements

Introduction

During GERAN# 31 to 34 meetings, Alcatel and Alcatel-Lucent presented a number of discussion papers ([1] to [8]) in order to demonstrate that some of the radio requirements in GSM can be relaxed without a system impact. The reason is that in case of every mentioned specification, there exists an inconsistency towards another requirement thus making a relaxation negligible. Since the argumentation was never limited to P- or E-GSM, the statements also apply for R-GSM.
However, during the GERAN discussions, several general concerns have been expressed about possible remaining system impacts on GSM-R if the proposed relaxations of some radio requirements are agreed. It is the aim of this paper to highlight all GSM-R related matters in more detail. 

GSM 900 blocking requirements
Taking into account the principle calculations (presented in [1]) and simulations (presented in [7]), we can state that the proposed relaxation of the blocking requirements in GSM 900 do not have any noticeable impact on GSM systems. This result is including GSM-R. However, we understand that railway operators might not be open to such a change unless they have a clear benefit. It is quite possible that the capacity of GSM-R networks is lower than that of "public" GSM networks and that multi-carrier capable BTS transceivers would not bring high advantages in terms of cost and footprint to GSM-R operators. On the other side, as Nortel emphasized several times during the GERAN meetings, GSM-R systems differ from the “public” GSM systems in several points: e.g. the usage of “high” power MSs is still common and the antenna patterns of the MSs feature higher gain values. Although we have already shown to some extent that even these topics do not change the overall situation concerning the proposed relaxations (e.g. by considering the influence of high power MSs on the likelihood of blocking signals, see [7]), we come to the conclusion that from a practical point of view (required effort to exclude all possible impacts due to the R-GSM special differences) it could make sense to split the blocking requirements for GSM 900 between the P- and E-bands on one side and GSM-R on the other side. For the P- and E-GSM bands (and also GSM 400 and T-GSM 810), we propose to relax the requirements by aligning them to the requirements of DCS 1800. For the GSM-R band we are ready to keep the requirements as they are today. The modified blocking values are shown in Table 1.
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	In‑band

600 kHz ( |f‑fo| < 800 kHz
	75
	‑38
	70
	‑43
	87
	-26
	78
	-35
	70
	‑43
	78
	‑35

	800 kHz ( |f‑fo| < 1,6 MHz
	80
	‑33
	70
	‑43
	97
	-16
	88
	25
	70
	‑43
	88
	‑25

	1,6 MHz ( |f‑fo |< 3 MHz
	90
	‑23
	80
	‑33
	97
	-16
	88
	-25
	80
	‑33
	88
	‑25

	3 MHz ( |f‑fo|
	90
	‑23
	90
	‑23
	100
	-13
	88
	-25
	87
	‑26
	88
	‑25

	out‑of‑band
	
	
	
	
	
	
	
	
	
	
	
	

	(a)
	113
	0
	113
	0
	121
	8
	121
	8
	113
	0
	113
	0

	(b)
	‑
	‑
	‑
	‑
	‑
	‑
	‑
	‑
	101
	‑12
	‑
	‑

	(c)
	‑
	‑
	‑
	‑
	‑
	‑
	‑
	‑
	101
	‑12
	‑
	‑

	(d)
	113
	0
	113
	0
	121
	8
	121
	8
	113
	0
	113
	0

	NOTE:
For definition of small MS, see subclause 1.1.


Table 1: Proposal for modified blocking requirements in GSM 900 with split between BTSs for R-GSM and P- and E-GSM.

Such a split is well-defined even taking into account the fact that R-GSM includes the P- and the E-GSM bands:

1. A BTS for R-GSM, that means for a railway system, has to fulfil the more stringent blocking requirements in the complete R-GSM band, that means including the P- and E-GSM parts as well. This is the same situation as today.

2. A BTS for P- or E-GSM, that means for a “public” GSM system, has to fulfil the relaxed blocking requirements in the P- and E-GSM band which are the same as in DCS 1800.

As a consequence, the situation in GSM-R would not change at all: the received signals from the MSs operating in any part of the GSM-R band do not change anyway. The BTS receivers are designed for the very high blocking levels as they are today.

For BTSs of “public” GSM operating in the P- and E-GSM bands, it was already shown in [7] that there is no system impact even in case that a high number of MSs is transmitting at full power at the same time. As the simulations have shown, this statement is even valid if high power MSs are taken into account. 

An additional argument for the negligible impact of high power MSs is the fact that these MSs today are just used by operators of GSM-R networks. Due to the high success of GSM for the public, it is very likely that railway applications are normally concentrated in the part of the GSM-R band outside P- and E-GSM (called “exclusive GSM-R band” in the following). Secondly, network operators having licenses for P- or E-GSM are using duplex filters dedicated for P- or E-GSM which are attenuating within the exclusive GSM-R part. Thus, signals from high power MSs operated in the exclusive GSM-R band are attenuated significantly before reaching the BTS receivers in P- and E-GSM, provided that a small guard band exists between the R-GSM and the public GSM networks, which is normally the case.

Intermodulation attenuation

As already described in [1], the impact of the proposed relaxation of the intermodulation attenuation specification on GSM systems is negligible. This was not only proved by calculations (see [1]) but also in statistical simulations taking into account several “worst case scenarios” (see [3]). These results were obtained independently from the question if a P-, E- or GSM-R network is considered. Thus these results also apply for GSM-R networks.

Leaving aside these arguments, we can state that, similarly to the blocking case, the usage of duplex filters further reduces intermodulation products generated by P- or E-GSM BTSs in the exclusive R-GSM band. This is demonstrated in the following:

Let’s assume that an operator has a license for E-GSM. The uplink band reaches up to 915 MHz while the downlink band already starts at 925 MHz. Consequently, the duplex filters must have a very steep trailing edge between 925 and 915 MHz. Typically, the attenuation in 10 MHz offset must reach approximately 80 dB. It seems that with the introduction of UMTS in GSM 900, the attenuation must be even higher, at approx. 90 dB. If the trailing edge is approximated linearly (such an approximation may be used if the frequency band is narrow compared to an octave, which is the case here), this means a steepness of 9 dB/MHz. Now let’s investigate the situation in the exclusive GSM-R band between 921 and 925 MHz: At 925 MHz, the duplex filter does not yet attenuate. However, at an offset of 1 MHz (i.e. at 924 MHz), there is an attenuation of approximately 9 dB. This is roughly the amount by which the intermodulation attenuation specification would be relaxed. Consequently, the situation at 924 MHz with relaxation and duplex filter is the same as without relaxation and without filter. The latter case is proved to work properly within the complete R-GSM band. Figure 1 to Figure 3 show the argumentation chain in the case of a two carrier GSM signal generating third order intermodulation products. Figure 1 represents the situation as it is today (and accepted) if the two carriers as well as their intermodulation products are located within the E-GSM band. 
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Figure 1: Intermodulation attenuation as currently specified, shown in the example of two GSM carriers within the E-GSM band.
In Figure 2, the situation is depicted if the relaxation is agreed by GERAN: As it was shown in the earlier discussion papers, the relaxation by 10 dB has no system impact.
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Figure 2: Intermodulation attenuation with relaxation, shown in the example of two GSM carriers within the E-GSM band.
Finally, Figure 3 shows the circumstances in case that the two carriers are located in the lower part of E-GSM so that one of the third order intermodulation products occurs within the exclusive R-GSM band at 924 MHz. Then, not only the argument applies that the relaxation by 10 dB has no system impact. Furthermore, the lower intermodulation product is attenuated by the duplex filter to approximately the value that occurred in Figure 1.
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Figure 3: Intermodulation attenuation with relaxation, shown in the example of two GSM carriers in the lower part of the E-GSM band.
At frequencies below 924 MHz, the filter attenuation is even higher than the amount by which the specification would be relaxed. Then the intermodulation products are even lower than what is accepted today within the R-GSM band. Only between 924 and 925 MHz, i.e. within 1 fourth of the exclusive GSM-R band, the filter attenuation does not compensate the relaxation fully. This bandwidth is actually smaller due to the fact that a minimum guard band of 200 kHz has to be kept between the two systems. We can assume that there might be an additional guard band between an R-GSM and an E-GSM application, thus reducing furthermore the bandwidth in which the duplex filter does not fully compensate the relaxation.

The situation is even more obvious for all operators having licenses in P-GSM: The duplex filters are then dedicated to the P-GSM band only. The steepness of such filters is similar to that used for E-GSM, i.e. around 9 dB/MHz. Then, even at 925 MHz, they reach an attenuation of 90 dB making a relaxation of 10 dB totally negligible (the intermodulations are then 70 dBc + 90 dBc = 160 dBc below the P-GSM carriers). That means for all operators working in the P-GSM band that the duplex filter “over-compensates” the relaxation by a high amount.
Summary

In former discussion papers, it was already shown that the proposed relaxations have negligible system impact on GSM networks. In this paper dedicated to R-GSM, it was demonstrated that with a split in the blocking requirements, an impact on R-GSM can be avoided in principle. Furthermore, it was shown that due to duplex filters which are commonly used in “public” GSM networks, an impact of the proposed relaxations on GSM-R systems can be further avoided. The investigations presented recently together with the arguments stated here in total result in a very high amount of “security” for railway applications that there will be no system degradation.

Conclusion

As it was proved in this paper, in addition to all arguments given up to now, a split in the blocking requirements together with the usage of duplex filters in “public” GSM networks helps to protect R-GSM from a performance degradation. Therefore, we propose to the GERAN community to agree on the relaxations of these radio requirements.
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