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1. Introduction

In recent contributions [1,2,3], it has been proposed to allow several levels of GSM transmit mask relaxation as part of RED-HOT and HUGE B. Specifically, it was suggested that in networks with geographically spaced adjacent channels, a new mask could be designed to allow a 6 dB increase in adjacent channel leakage, and that a smaller relaxation of 4 dB could be allowed in networks with tighter spacing. The use of different transmit pulses would need to be controlled on a per cell and pre frequency basis, and would become part of network planning.

The GSM spectral mask has been a feature of hundreds of deployed networks since 1991, and any proposal to relax it needs to be considered with care. A general argument that the spectral mask is arbitrary [1] following the GMSK spectrum is not reasonable, since it is well known that the choice of the GMSK BT product (0.3) by the Groupe Spéciale Mobile did indeed consider trade-offs between co-channel and adjacent channel performance. Therefore it is important to ensure that the performance of existing networks will not be adversely affected by the proposed mask relaxation. In [3], this case was made based on cell edge considerations for voice support, and without taking into account the composite effects of co-channel and adjacent channel interference. In this contribution, we provide some data which covers these issues, based on classic and well understood topologies. Whilst these are models, they provide useful insights into the likely real impacts of spectral mask changes. Only the downlink is considered for simplicity.

2. Models Used for Analysis
For the purpose of the evaluation, we set up two simple standard deployments, a 4/12 reuse pattern, and 1/3 pattern using the usual hexagonal tesselations. In both cases, the cells are corner-excited, and statistics are collected in one central site only (3 cells). The experiment consists of collecting co-channel and adjacent channel downlink interference statistics for mobiles whose best server is found to be within one of these 3 cells. Randomisations of mobile positions and shadowing are implemented in order to obtain sufficiently meaningful data. The table below provides the parameters common to the two scenarios:

	Parameter
	Value

	Site-to-site distance
	1 km

	Propagation loss model
	L=141.6+ 36.6 log10(d-km)

Based on COST-231 Urban @ 1800 MHz, with hb=20m

	Shadow fading standard deviation
	8 dB

	Shadow fading site-to-site correlation
	0.5

	Handover margin
	6 dB

	Sector antenna horizontal beamwidth
	90 degrees

	Adjacent channel front-end filter rejection
	18 / 15 / 12 dB


Note also that the effects of the mobile noise floor and transmit power settings are not considered, in order to focus completely on the C/Ic and C/Ia relationships. Effectively this means that in practice the distributions are likely to be truncated at the higher values, but should not affect the general indications from the results.

3. The 4/12 scenario
This scenario has good spacing between co-channel cells, similar to what might be implemented in BCCH planning, or generally in an area which is not capacity limited. In addition, the attribution of adjacent frequencies has been done so that the six adjacent cells (“neighbours”) do not have adjacent frequencies. This is therefore expected to be a high quality scenario. Figures 1-3 show the results obtained for this configuration.

In Fig.1, the CDF of the C/Ia at the receiver front-end is presented (this is of course the same irrespective of the adjacent channel suppression). This is a figure of merit of the network, and it can be seen that the probability of this being below -3 dB is no more than about 2-3%. This is consistent with the planning scenario presented in [3] for networks with well spaced adjacent channels.

Fig.2 then shows the CDF of the (dB) difference between the total adjacent channel interference level, and the total co-channel interference level. As per the methodology described, the difference is collected at a given point in space, served by a given cell, and then the statistics are formed over a number of locations and shadow fading realizations (subject to always being served by the same cell). For the existing standards requirement (a rejection of about 18 dB), it can be seen that the co-channel is dominant with a probability of at least 85%, and also that the adjacent channel dominance tends to be low (less than 5dB). This is broadly as expected from consideration of the geometry involved and propagation losses. For example, under this scenario, the closest CC interferer is no more than twice as distant from the victim mobile as the nearest AC interferer, hence a rough estimation would indicate that after the filter, the CC should be about (18-11)=7dB higher. This figure is reduced by the fact that often more than one cell in the vicinity will have adjacent channels, and of course the introduction of shadow fading causes an additional spread as seen in Fig.2 (noting that the median difference is indeed about 7 dB). Nevertheless, the overall network C/I will be very similar to the co-channel C/I.

Reduction of the AC rejection causes a very clear shift in the relationship between the two types of interference. Thus, for 12 dB rejection, the adjacent and co-channel interference levels are almost balanced on average. As a result, the ACI levels are now significant, and the overall network C/I cannot remain unchanged.
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Figure 1 Cumulative distribution function of the C/Ia receiver front-end ratio
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Figure 2 Cumulative distribution function of the difference between ACI and CCI levels

This is confirmed in Figs.3 and 4, which show respectively the distribution of the CDF degradation (taken on a point-by-point basis), and the overall C/I distribution (both as a function of the filter suppression). As discussed before, the baseline quality of the network is very good, i.e. 95% of points have C/I better than 11 dB. However, once the adjacent channel levels are increased, the 95th percentile becomes about 9 dB. Also in general, the C/I degradation for particular mobiles can be significant, and specifically about 30% of points see a degradation above 3 dB.
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                       Figure 3 Cumulative distribution of the C/I degradation
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                   Figure 4 Cumulative distribution function of the overall network C/I

These results are not contradictory with those of [3] in the sense that the basic scenario is very similar. In fact (from Fig.1), a voice channel can be sustained in the worst case ACI-only condition, just as argued in [3]. However, when we consider the composite effect of CCI and ACI, and the behaviour at high C/I, we conclude that:

(i) the probability of low C/I increases. i.e., there will be some degradation for voice service

(ii) the C/I is generally reduced, thereby degrading high bit rate availability for GPRS and EGPRS.

(iii) At high penetration for E-EDGE (E-EDGE HSR user vs E-EDGE HSR interferer), the degradation in C/I is likely to cancel out any gains obtained by using a wider spectral emission

4. The 1/3 scenario
We now consider a scenario where adjacent channels may be allocated to neighbour cells. One problem in analysing this scenario is that this would typically be implemented with frequency hopping, and partial loading. Thus, the interference levels become variable at a given mobile location, as a function of occupancy of co-channel or adjacent channels in the relevant surrounding cells. In fact the network requires this variability, because received quality can be quite poor in any slots where the nearest co-channel interferers happen to be active.

The approach used here is to extend the statistical variations to the actual activity of each cell. So, the same statistics are collected as in the previous case, but this time mobile position, shadow fading and activity of each cell are all statistical processes. Thus the statistics represent the fast fading averaged C/I, observed across slots as well as multiple cell positions.

Partial loading is implemented by assigning a probability that each particular cell is an active interferer. Obviously, all cells with the same sector orientation as the victim cell are potential co-channel interferers in a 1/3 deployment. All other cells are potential adjacent channel interferers, except for those on the same site (it is assumed that MAIO management excludes this possibility). Each cell has therefore a total of four immediate neighbours that may be adjacent channel interferers at any point in time, to any one of its served mobiles. Each cell will also tend to have a single dominant co-channel interferer, with another 2 or 3 providing significant contributions (depending on exact propagation conditions). A partial loading factor of 0.25 has been used in the results provided here (that is, each cell has a 0.25 probability of being “on”).

As before, the CDF of the C/Ia at the receiver front-end is presented in Fig.5. As expected, this is somewhat worse at the low end than the 4/12 scenario, and specifically the probability of a negative C/Ia is now over 10%. This is due to the closer proximity of the cells with adjacent frequencies, though the effect is reduced by the partial loading.

Fig.6 then shows the CDF of the (dB) difference between the total adjacent channel interference level, and the total co-channel interference level. For the existing standards requirement (a rejection of about 18 dB), it can be seen that the probability of co-channel dominance is very similar to the 4/12 case (85%), however a significant difference is that the level of co-channel dominance is much higher (e.g. 50% greater than 10 dB). This essentially shows that whenever one of the nearest co-channel cells is active, it often swamps any close AC interferer; this is partly due to geometry, and partly because the victim mobile is more likely to be closer to the co-channel antenna boresight. Similarly to the 4/12 scenario, the overall network C/I will be very similar to the co-channel C/I with the current spectral mask.

Reduction of the AC rejection causes a very clear shift in the relationship between the two types of interference, although this is not as marked as in the 4/12 scenario. Thus, for 12 dB rejection, the probability of adjacent channel dominance is increased from 15 to 35% (rather than 45%).
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Figure 5 Cumulative distribution function of the C/Ia receiver front-end ratio
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Figure 6 Cumulative distribution function of the difference between ACI and CCI levels

The increase still has an impact in C/I levels as can be seen in Figs 7 and 8, which again show respectively the distribution of the CDF degradation (taken on a point-by-point basis, now including partial loading variation), and the overall C/I distribution (both as a function of the filter suppression). 

The baseline quality is now worse (95% better than 4 dB), however this also includes activity variations which would benefit a particular mobile (i.e. a percentage of mobiles will experience some traffic combinations leading to very poor C/I, but this will be compensated in other slots). We do not attempt to break this issue down, and simply take the overall distribution as figure of merit.

Once the adjacent channel levels are increased, the 95th percentile hardly changes – this is because the very worst case conditions are very heavily co-channel dominated, and therefore insensitive to ACI changes. Of more concern is the fact that the cleaner slots or positions will be impacted, noting in particular that the worse mobiles rely on clean slots to recover the frames after decoding. From Fig.7, we note that 25% of the samples deteriorates by more than 3 dB, whilst from Fig.8 we see a shift of about 2 dB at the higher levels of C/I.

In summary, the 1/3 scenario appears to be slightly more co-channel limited when a range of both interferer activities and mobile positions are taken into account. However the same general conclusions apply – the increase in ACI does lead to measurable increases in overall interference, which may be even more concerning since the performance of this scenario is more tightly dependent on interference levels.
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                        Figure 7 Cumulative distribution of the C/I degradation
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                   Figure 8 Cumulative distribution function of the overall network C/I

5. Discussion and conclusions
This contribution has examined two classical deployment scenarios for GSM – a 4/12 and a partially loaded 1/3. In both cases, the collected data shows that relaxing the spectral mask will have a noticeable impact in the interference levels, and therefore in the network quality. In general, a number of specific negative impacts may then follow:

(i) In some scenarios, the probability of low C/I increases (degradation for voice service and low bit rate data)

(ii) The C/I is reduced in many cases, including high values (reduction of high bit rate availability for GPRS and EGPRS).

(iii) At high penetration for E-EDGE (E-EDGE HSR user vs E-EDGE HSR AC interferer), the degradation in C/I is likely to cancel out or even reverse any gains obtained by using a wider spectral mask.

From a system perspective, some aspects have been argued to offer relief. These are:

(i) Reduction of co-channel interference: an E-EDGE wide spectrum transmission will have some more of its co-channel power filtered out, and on an average basis this will be useful. However, this also implies that the interference levels will be less predictable for a given victim mobile position, whilst the worst case remains the same (e.g. if the co-channel dominant interferer uses the old mask, and the adjacent channel the new one).

(ii) Transmit power back-off: it is argued that E-EDGE slots will in general be transmitted at lower power, thereby reducing the increased ACI. However, back-off may also be applied to legacy 8-PSK as well as other E-EDGE transmissions, so medium-high data rate performance is still affected in the same way. In addition, some operators may see a requirement for equipment with limited downlink back-off in order to improve the coverage of high data rates.

In conclusion, we see considerable risks in applying these techniques in mature networks, and recommend that further work be focussed on improving performance whilst respecting the existing spectral mask.
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