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Introduction

The R-GSM systems are reportedly experiencing problems with interference in an extent that it is a concern for using R-GSM in safety critical applications.

Operating band 8 is also called the E-GSM 900 band. It is an FDD band with the UL in the range 880 MHz to 915 MHz and the DL in the range 925 MHz to 960 MHz. The R-GSM band is an FDD band with the UL in the range 876 to 880 MHz and the DL in the range 921 to 925 MHz. The frequency arrangement is schematically depicted in figure 1 below.
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Figure 1. Schematic over the frequency arrangements for operating band 8 and the R-GSM band.
Note
In the specification of R-GSM in TS45.005 [1], its frequency range covers 876 to 915 MHz in the UL and 921 to 960 MHz in the DL, but for the discussion in this paper, R-GSM is referring to only the 4 lowest MHz of this band, adjacent to operating band 8. (this is also the designated band in CEPT recommendation T/R 25-09 [2] leading up to the specification.)
In the discussion of interference limitation, it can be noted that the current interference experienced in R-GSM from operating band 8 is generated by GSM operation. In the future however, it seems reasonable to expect that UTRA and E_UTRA operation may be using the band partly or completely.
The protection of R-GSM spectrum applied to BS Tx has also been applied to repeaters. This poses no problem for the DL amplifier chain, but for the UL amplifier chain there are severe difficulties with repeaters for operating band 8. These difficulties have been recognized in the protection of BS in own operating band, leading to a relaxation of the requirement to what is perceived to be achievable with the current state of the art. The following text will discuss the impact of this relaxation if introduced also for the protection of R-GSM.
Definitions
The following definitions apply in this paper:

	Donor base station
	the base station providing the DL signals and traffic capacity to be distributed by the repeater.

	Repeater donor port
	the port of the repeater intended to be connected to the donor BS. It transmits UL signals and receives DL signals from the donor BS.

	Repeater service area
	The part of the donor BS cell where the repeater provides the coverage.

	Repeater service port
	The port of the repeater intended to be connected to the MS. It transmits DL signals and receives UL signals from the MS in the repeater service area.


Interference mechanisms

The interference mechanisms between the R-GSM band and the E-GSM band can basically be categorized into four main mechanisms; Mobile to mobile, base station to base station, mobile to base station and base station to mobile. Introducing repeaters in the discussion will be done in relation to these four mechanisms. There are basically two repeater application cases to be considered when discussing railway applications: one where the repeater is placed in a fixed position in close vicinity to the tracks (i.e. a fixed repeater), and the other where the repeater is placed in the rolling stock (i.e. an in train repeater or mobile repeater).
Mobile to mobile:

From figure 2 it can be seen that the interference mechanism making R-GSM the victim would be the R-GSM mobile receiver being desensitized by the E-GSM mobile transmitter. In this case, the smallest frequency difference is 6 MHz. The blocking performance requirements for R-GSM MS when blockers are in the E-GSM UL range, is -43dBm (TS45.005). The minimum coupling loss between MS to guarantee this blocking power at maximum would be E-GSM MS max ouput power minus the R-GSM maximum blocking power; 33 - -43 = 76 dB. This is surely a very large coupling loss considering the possibility of having R-GSM MS and GSM MS in the same train coach or on the train station platform. There is an indication in TS45.005 that the blocking requirement for R-GSM MS is -7 dBm/200 kHz, resulting in a minimum coupling loss of -33 - -7 = 40 dB. Assuming free space wave propagation and 0 dBi MS antenna gain this corresponds to approximately 2.5 m. The actual distance between MS may realistically be lower than this causing blocking in the R-GSM system. (Considering the fact that modern train coaches are metal structures, free space loss (or 0 dBi antenna gain) may be an optimistic assumption when calculating blocking distance between carried R-GSM MS and E-GSM MS, whereas the coupling loss between fixed mount R-GSM MS - with external antennas - is likely to be substantially greater.) Even on the blocking limit, the sensitivity of the R-GSM MS is reduced.

[image: image2]
Figure 2.
E-GSM MS Tx (UL) interfering with R-GSM Rx (DL).

Another MS to MS interference mechanism is the spurious emission from the E-GSM MS Tx desensitizing the R-GSM MS Rx. The generally accepted interference level is 2 dB below the thermal noise. Calculating the minimum coupling loss required for this gives -36 dBm/100 kHz - -126 dBm/100kHz = 90 dB. However, the reference sensitivity and SNIR requirements in the specifications indicate an implementation margin of 5 dB, suggesting 85 dB minimum coupling loss fulfills this requirement. This coupling loss is still substantial.
Mobile to mobile conclusion: the minimum coupling loss required between mobiles is far to high to be guaranteed in the vicinity of or inside a train. MS to MS interference is a likely candidate for causing problems.
Introducing a repeater, the protection of the R-GSM DL band applied to the service port (i.e. -57 dBm /100 kHz, = -54 dBm per GSM carrier). It can be anticipated that the coupling loss of between the repeater service port and the R-GSM MS is about the same as the coupling loss between MS. (In the case where the MS and/or the repeater is on the train the CL is likely to be greater, whereas it may be approximately similar with all devices on the station platform.) Hence the impact of the service port unwanted emission is likely to be 20 dB or more below the impact from mobile to mobile interference. The same protection of the R-GSM DL band applies to the repeater donor port. Since the coupling loss between the MS and the donor port is expected to be substantially greater than the coupling between the MS and the repeater service port this interference will have negligible impact.
On the donor port of the repeater it is suggested to relax the R-GSM UL band protection from -61 dBm/100 kHz to -53 dBm/100 kHz. This protection is for the BTS Rx and hence that impact will be described under BS to BS (fixed repeaters) and MS to BS (mobile repeaters) interference.
The repeater operates by effectively reducing the perceived coupling loss between the MS and the BS. This allows the MS to reduce its output power if the coupling loss is sufficiently low. In the GSM case the MS Tx power may be scaled back up to 30 dB, which will reduce the MS to MS interference correspondingly.
Introducing UTRA UE, the dominating interference from it to R-GSM MS will be ACLR2 into the MS Rx the case where the UE is operated at the highest E-GSM frequency channel.
Assuming maximum power of the UE this translates to an output spurious of 24 - 45 = -21 dBm/5 MHz, which corresponds to -35 dBm/200kHz. We see that the general impact of UTRA UE resembles that of GSM MS. Note however, that the power control of the UTRA UE is much stronger and thus that the rewards for providing low coupling loss to the BS is greater.
BS to BS

The case where the R-GSM BS is interfered by the UTRA BS is spurious leakage into the R-GSM Rx. Here the allowed spurious level is -61 dBm/100 kHz and the expected coupling loss between the base stations is greater than 65 dB in the case of co-existence in the same geographical area without correlated BS positioning. This results in an interference level 2 dB below the thermal noise.
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Figure 3.
Service port and BS interference (DL-UL) and Donor port interference
For a repeater, the requirement on the service port is equal to that of the BS DL, whereas the suggested relaxation of the allowed spurious level of -53 dBm/100kHz in the band 876 to 880 MHz, should apply to the repeater donor port. Applying the relaxation in the scenario results in an interference level of -53 - 65 = -118 dBm/100 kHz, which is 6 dB above the thermal noise level at room temperature. Assuming a 5 dB noise figure of the BS, the resulting interference level is 1 dB above the noise floor, corresponding to approximately 3.5 dB of BTS desensitization.
Considering the likelihood that positioning of R-GSM BS and E-GSM/UTRA900 BS (and repeaters) are coordinated, where the minimum coupling loss applies, it is reasonable to assume that the extra required coupling loss can be achieved resulting in acceptable interference in the fixed repeater application.
BS to MS

The E-GSM or UTRA BS spurious levels in the DL of the R-GSM band is -57 dBm/100kHz (identical to the repeater requirement). As described in the MS to MS section about the repeater, the impact from this emission is at least 20 dB below the impact of the MS to MS interference. In general, the coupling loss between MS and BS is likely to be greater than between MS and repeater, making this interference mechanism an unlikely candidate to cause problems. 
MS to BS
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Figure 4.
MS interference to R-GSM BTS UL.
This mechanism of interference comprises E-GSM MS spurious emission, repeater donor port spurious emissions and - in the case of UTRA - UE ACLR falling in the R-GSM band.
The emission levels of these have been investigated above and are; -36 dBm/100kHz, -61 (-53) dBm/100kHz and -35dBm/200kHz respectively. The impact of these levels is determined by the minimum coupling loss to be expected.
The minimum coupling loss between E-GSM MS and R-GSM BTS used in TR45.050 [3], annex H, for this scenario is 75 dB for small MS and 65 dB for fixed MS. With this assumption (all E-GSM MS and UTRA UE are small), the E-GSM MS spurious emission reaching the R-GSM BS receiver is -33 dBm/200kHz - 75 = -108 dBm/200 kHz and the UE ALCR impact will be 24dBm/5MHz - 33 - 75 = -98 dBm/200kHz. The repeater donor port interference can be estimated using the fixed MS coupling loss as its donor antenna arrangement is likely to be similar to that of a fixed GSM MS. Hence the repeater donor port interference impact is -61 dB/100 kHz - 65 dB = - 123 dBm/200kHz, and the suggested relaxation to -53 dBm/100kHz gives an impact of -53 - 65 = -115 dBm/200KHz. It can be seen that the impact of the mobiles is greater than the impact of the repeater also with the suggested relaxation in this scenario. 

The referred scenario assumes 10 dB total antenna gain and 57 m minimum distance between the R-GSM BS and the interfering MS or repeater. In a modern scenario this may be a little far. Halving the distance while maintaining the effective antenna gain seems more realistic, giving 6 dB less coupling loss in the repeater and fixed MS case, resulting in a repeater interference impact of -109 dBm/200 kHz (including the suggested relaxation). The impact of the repeater is still in the same magnitude as that of the mobiles. Considering that the repeater also serves to reduce the output power of the mobiles (and consequently the ACLR and spurious emission), the net impact may well be positive (i.e. reduced over all interference) with the introduction of an in-train repeater.
Conclusions

· The currently experienced interference problems in R-GSM are not due to UTRA operation.
· The current requirements for protection of the R-GSM band on repeaters may not be possible to meet with the current state of the art, and hence a relaxation of 8 dB is suggested.
· The system impact of repeaters is lower than that of mobiles also with the relaxation, it is reasonable to expect that negative repeater effects can be contained without further limitations.

· Repeaters can reduce the interference impact of mobiles, which may result in totally reduced interference.

· Making repeaters feasible in operating band 8 by introducing the proposed relaxation is acceptable from an interference scenario point of view.
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