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Investigation of a Blocking Scenario in Dense Urban Areas
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. One of the requirements is the blocking specification for GSM 900. It was shown that a BTS receiver would be desensitised much more by wideband noise coming from an MS than due to the blocking signal. Later on, it was shown in simulations on the network level that the likelihood of a large blocking signal is anyway very small and there is a negligible difference, if values of –13 or –25 dBm were assumed. Thus, the blocking requirements in GSM 900 could be relaxed by aligning them to those of DCS 1800 without degrading the system performance.

However, at the GERAN# 34 meeting, Nortel requested to investigate the likelihood of a blocking signal not only in a large cell with distributed MSs (as described in [7]) but also in a smaller cell that is more typical in dense urban areas. During subsequent offline discussions, the scenario was clarified in detail.

Description of the scenario
An illustration is given in Figure 1: three high buildings are assumed. On top of building 1 (left side), a BTS of an operator A is located. One of the antennas is directed with its main lobe towards building 2 which is higher than building 1. On the left side of building 2 are 16 MSs which are connected to a BTS of operator B located on a far building 3 (right side). The number of MSs comes from the assumption that building 2 might be in the transition area of two sectors of BTS B and every sector has 8 TRXs and hence can serve up to 8 MSs at the same time. Since the BTS of operator B is distant and the MSs have to overcome a high attenuation in building 2, they are all transmitting at full power (i.e. 33 dBm). At the same time, these MSs are in line of sight to the BTS of operator A. The distance between BTS of operator A and the left side of building 2 is assumed to be equal or larger than 20 m. Nortel also requested to take into account a higher BTS antenna gain (20 dB) of operator A than what was assumed in [7].
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Figure 1: Illustration of the scenario for the blocking investigation in a dense urban area.

Investigation of the scenario for a distance of 20 m

Calculation of the receive level at the BTS

In this scenario, the locations of the MSs are fixed and not distributed statistically. Therefore this problem was solved with the calculations mentioned below rather than using the simulator that was applied in [7].

In a first step, the free space propagation loss is calculated for a distance of 20 m with the formula:
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With d = 20 m and 
[image: image3.wmf]l

 = 33.3 cm (at 900 MHz), a free space loss of 57.6 dB occurs between the antenna of operator A and the MSs in building 2. Assuming that the antenna of operator A has 20 dB gain while the antennas of the MSs have a gain of 0 dB, this leads to a total loss of 37.6 dB. Consequently, the power of one MS (33 dBm) is received at the BTS antenna of operator A with a power level

Preceived, 1 MS = 33 dBm – 37.6 dB = -4.6 dBm.

Thus, 16 MSs lead to a total received power level of

Preceived, 16 MSs = -4.6 dBm + 10 log 16 = 7.4 dBm.

Evaluation of the receive level

The receive level of 7.4 dBm at the location of BTS A is drastically beyond what is specified today as blocking level in GSM 900 (-13 dBm). Even if an additional penetration loss of roughly 7 dB for rooms with normal window size was assumed, the resulting receive level would be 0.4 dB. Therefore, it is questionable if this scenario is realistic at all and will occur in reality.

For a comparison, the situation in DCS 1800 is investigated: If the same scenario was applied for frequencies around 1800 MHz, a 6 dB higher free space loss would occur due to the smaller wavelength. With the same number of MSs, the same antenna gain and the same penetration loss, the receive power level at the BTS antenna of operator A would be –5.6 dBm. This value is 19.4 dB above the blocking level specified for DCS 1800 (-25 dBm). Even with a higher penetration loss of 13 dB (taking into account the higher attenuation at 1800 MHz), the receive level would be 13.4 dB above the blocking level. But obviously this case has never been a problem in DCS 1800, that means the probability of such an extreme scenario seems to be close to 0.

It is also worth mentioning that the BTS of operator A would be desensitised by the cumulated wideband noise of the MSs in building 2 by a higher amount than by the blocking effect. This argument was already described in [1]. As it was pointed out in [4], the argument is even valid in case that the MS transmitters over-perform their specifications and generate significantly less wideband noise than according to the specification.

Desensitization of the MSs due to reciprocity

It is questionable if an operator would direct an antenna with such a high gain exactly to a close building in the line of sight. This would not only be uneconomic for the operator but it would also cause interferences within building 2: The MSs in building 2 would face severe problems concerning blocking signals and also intermodulation products. This is explained in the following:

Let’s assume that the BTS of operator A transmits with a rather moderate output power of e.g. 38 dBm per carrier (value chosen arbitrarily). Since the propagation conditions are reciprocal, the same loss of 37.6 dB applies as above. With additional penetration loss, it would be 44.6 dB (in the following, the values in brackets assume this additional penetration loss). Consequently, the MSs in building 2 would receive one carrier of operator A at a power level of
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In the dense urban area, it is likely that also the BTS of operator A serves a number of customers at the same time. In this case, let’s assume that in the considered sector, 8 carriers are transmitted at the same time. Then the total received power level at the MSs in building 2 is
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However, looking at section 5.1 of TS 45.005, we see that the blocking of the small MS receiver is specified at –23 dBm. That means, the total power level at which the MSs in building 2 would receive the carriers from BTS A is approximately 32 dB (or 25 dB with penetration loss) above what is specified for small MSs!
A similar calculation shows that there would also be severe problems of intermodulation if such a scenario is taken into account. 

Looking at section 5.3 of TS 45.005, we see that the intermodulation of the (small) MS receiver front end is specified as a reduction of 3 dB MS sensitivity when two inputs at - 49 dBm are applied. In the scenario considered here, the carriers are received at 0.4 dBm each (-6.6 dBm with penetration loss). If we took only two of these carriers, each of them would exceed the power level mentioned in the specification by
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These unwanted signals would interact with the non-linearity of the receiver thus generating intermodulation products (the third order intermodulation products increase by 3 dB when the input power increases by 1 dB). Compared to the specification of the MS receiver, the intermodulation products in this scenario would be higher by
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A well known argument is that today’s MSs are more linear than what is required in the MS specification. Let’s now assume that the MS is 20 (!) dB more linear than according to the specification. Even in such a case, the remaining third order intermodulation products would be approximately 88 dB (67 dB with penetration loss) higher than those that lead to a desensitisation of 3 dB in the MS receiver.

We can summarise that the blocking effect together with the intermodulation problem would lead to such an extreme desensitization of the MSs on the left side of building 2 that they would not be able to receive the far BTS of operator B.

Extension of the investigation to higher  distances between BTS A and the MSs

For the completeness of the investigation, higher distances between the BTS of operator A and the left side of building 2 were taken into account. The receive levels at BTS A and those at the MSs in building 2 were calculated depending on the distance. The result is shown in Figure 2. First of all, it can be seen that up to a distance of 200 m, the receive level at the BTS is beyond what is specified as BTS blocking value even today. This raises again the question if this scenario is realistic. Secondly, it can be seen that the receive level occurring at the MSs in building 2 exceeds what is specified for the MSs even up to distances beyond 300 m. Thus the blocking problem in the MSs is much higher than in the BTS. This is also valid if an additional penetration loss of 7 dB is assumed (then the mentioned distances become smaller).
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Figure 2: Receive levels occurring at the BTS and at the MSs in building 2. Additionally, the blocking values of the BTS (current value of –13 dBm) and of the MSs (-23 dBm) are drawn.
It was then investigated what impact would result if the blocking value of the BTS was relaxed from –13 dBm to –25 dBm (see Figure 3). It can be seen that the receive level at the BTS intersects with the blocking value of –25 dBm in roughly the same distance (around 850 m) where also the receive level at the MSs intersects with the blocking value of the MS. Below 850 m, the receive levels both at the BTS and the MSs are still beyond the respective blocking levels showing that this scenario is rather unrealistic. However, the relaxed blocking level for the BTS has lead to some kind of “alignment” between the situation of the BTS and the MSs.
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Figure 3: Receive levels occurring at the BTS and at the MSs in building 2, taking into account higher distances. Additionally, the blocking values of the BTS (relaxed value of –25 dBm) and of the MSs (-23 dBm) are drawn.
Finally, it was further studied what impact the distance has on the argument that there is an additional problem in the MSs due to internal intermodulation products. The results are represented in Figure 4. Taking into account the case that an MS is operating according to the linearity specification, it is obvious that the intermodulation products that are generated internally due to the carriers received from BTS A exceed by far the value according to the linearity specification. That means the MS would be desensitised extremely at all distances. In case that an MS is 20 dB (!) more linear than according to its linearity requirement (i.e. it has a 20 dB higher third order intercept point), the intermodulation products generated internally are at the level that would lead to a desensitisation of 3 dB in a distance of approximately 600 m. From this we see that even with an extremely linear MS, the argument is still valid that the MSs in building 2 would face severe problems due to internal intermodulation products. Only for distances higher than 600 m, the argument is not valid any more. However, such high distances are of no more interest in the dense urban area where the cells are much smaller, as stated by Nortel.
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Figure 4: Levels by which the intermodulation products generated in the MSs exceed the MS linearity specification, assuming MSs operating according to the specification and MSs that are 20 dB (!) more linear.
Summary

A request from Nortel concerning blocking issues in dense urban areas was investigated in detail. Due to the scenario, calculations have been done instead of statistical simulations. With the assumed settings, indeed a rather high blocking signal occurs at a BTS receiver. However, a number of arguments were given showing that such a scenario is not to be expected in reality. Especially, it was described why such a scenario would not only lead to problems at the BTS receiver. Furthermore, due to reciprocity, the BTS transmitter would also cause severe interference problems in the MSs belonging to another operator. Therefore, our belief is that such an extreme worst case scenario has to be avoided under any circumstances. For example, as it can be seen in cities, BTS antennas in front of large buildings are not directed exactly towards the high building but laterally. Another possibility to reduce the problem is to use antennas with less gain. This would help not only at the BTS receiver but also on the MS side.

Conclusion

All in all, we see this scenario even as a proof that high blocking signal levels as specified in GSM 900 would occur only in such extreme cases that other severe problems would appear, too. Thus Alcatel-Lucent is convinced that the proposed relaxations of the blocking specifications in GSM 900 can be done without system impact while allowing the feasibility of multi carrier GSM receivers at reasonable costs.
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