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Annex ZB:
Introduction of a new multicarrier BTS class
ZB.1
Introduction

Multicarrier transceiver architectures applied to GSM BTSs would allow several GSM carriers to be processed by a single transmitter and power amplifier in the downlink and by a single wideband receiver in the uplink. 

Given the recent advances in components technology, these architectures seem more and more feasible, however feasibility is still conditioned by the relaxation of some of the most severe requirements in 3GPP TS 45.005. Those requirements are the ones related to intermodulation (clause 4.7) and spurious emission (clause 4.3) for the transmitter part and to blocking characteristics (clause 5.1) for the receiver part.

During the discussions in  3GPP TSG GERAN, for each of these three specifications, a way to relax the standard was proposed and evidence was given why such a relaxation has negligible impact on existing GSM systems. This is due to the fact that in every case, there exists an inconsistency to another GSM specification. Furthermore, scenarios were presented and investigated in which the equipment features better performance than according to the specifications. It was shown by means of calculations and simulations that even then, the proposed relaxations have negligible system impact. It was then agreed that the best way to apply the relaxations is to introduce a new multicarrier BTS class. This allows to approve the principle of the relaxation while being able to address special regulatory issues in different geographical areas separately.

In this chapter, the investigations done for the introduction of a new multicarrier BTS class are summarized.

ZB.2
Transmitter Intermodulation Attenuation

ZB.2.1 Proposal for the relaxation

Initially, it was proposed to relax the IM requirements from a peak hold value of -70 dBc to a peak hold value of -60 dBc for frequency offsets ( 1.2 MHz. During the discussions, it was soon recognized that a better alternative (taking into account recommendations to use average detector wherever possible) is to relax from a peak hold value of -70 dBc to an average value of –70 dBc. Taking into account the statistics of the wideband noise, this leads roughly to the same amount of relaxation. Below 1.2 MHz the requirements for IM shall still be the same as for the spectrum due to modulation and wideband noise.

ZB.2.2
Inconsistency to linearity requirements of MS in case of small MS-BTS distance

In this section, it is shown that the BTS transmitter intermodulation requirements are inconsistent with the MS receiver intermodulation requirements: the BTS transmitter intermodulation requirements are much more severe compared to the MS receiver intermodulation requirements. The demonstration of this fact relies on the analysis of the scenario depicted in figure 1 below.
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Figure 1: Scenario 3, considered in the derivation of the BTS transmitter intermodulation requirements.

The scenario is the following: BTS2 transmits at full power on frequencies f2 and f3 to distant MS2 and MS3, respectively. One of the (3rd order) IM products generated in BTS2 (e.g., 2f2 – f3) coincides with frequency f1 used by BTS1 (belonging to another operator) in the downlink to distant MS1. MS1 is very close to BTS2 and the IM product from BTS2 desensitizes MS1.

The problem stems from the fact that MS1 also receives frequencies f2 and f3 at a high level and that 3rd order IM product 2f2 – f3 can also be generated in the receiver stages of MS1. For the sake of the following calculation,  f3-f2 = 6 MHz is assumed.
TS 45.005 section 4.7.2.1 (“Intra BTS intermodulation attenuation”) says that the peak hold value of intermodulation components shall not exceed - 70 dBc (measured in 300 kHz) for frequency offsets between 6 MHz from the carrier and the edge of the TX band. The carrier shall be measured in at least 300 kHz as stated in TS 51.021, section 6.8.2.
Using the conversion factors agreed by SMG2 and archived in TS 45.050 clause 6, this means actually 

- 70 dBc - 17 dB = - 87 dBc

if the intermodulation components are measured in 30 kHz bandwidth with averaging. The correction value of –17 dB is derived in the following way: The correction value for the conversion from maximum peak power in 300 kHz bandwidth to maximum peak power in 30 kHz bandwidth is assumed to be - 8 dB. The correction value for the conversion from maximum peak power in 30 kHz bandwidth to average power in 30 kHz bandwidth is assumed to be – 9 dB at offsets ( 0 from the carrier. For the carrier, a correction value of roughly – 8 dB is assumed for the conversion from 300 kHz bandwidth (average) to 30 kHz bandwidth (average).

Using these correction values for the carrier and the intermodulation components, the power level difference between the carrier and the intermodulation components must be 79 dB if measured in the same bandwidth.

If the BTS operates e.g. at a power level of 39 dBm, the power of the intermodulation components centered on frequency f1 at the BTS output is 

39 dBm – 79 dB = - 40 dBm.

Assume a MCL of 65 dB  with an additional 3 dB body loss, yielding an "effective" MCL of 68 dB. At the close MS input, this leads to the following situation:

f2: 39 dBm - 68 dB =  - 29 dBm

f3: 39 dBm - 68 dB =  - 29 dBm

f1 = 2f2- f3: - 40 dBm - 68 dB = - 108 dBm.

However, looking at section 5.3 of TS 45.005, it can be seen 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 at frequencies f2 and f3 are applied (the specification assumes (f3-f2) = 800 kHz but here it is assumed that the intermodulation generated by the MS is independent of the frequency spacing (f3-f2)). Assuming for the small MS a noise factor of 12 dB, the noise floor in the MS is rougly - 109 dBm. A desensitisation 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 inputs at f2 and f3 were at - 29 dBm instead of - 49 dBm (as in the calculation above for the signals coming from the close BTS), the IM3 generated by the MS would hence be at 

3 * (-29 - (-49)) - 109 = - 49 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. With this example, it can be seen that there is a significant inconsistency between the linearity requirements of the BTS and those of the MS (compare -108 dBm versus -49 dBm). 

However, in TS 45.005, intermodulation in the transmitter at frequency offsets < 6 MHz from the carrier has the same specification as wideband noise (section 4.2.1).The tight requirement on the wideband noise is needed, as can be seen from the calculation below: if it is assumed that the BTS transmits only at f2 (and not at f3, i.e. no intermodulation products of the two carriers occur) then the wideband noise at the MS input at frequency f1 in 200 kHz will still be - 108 dBm. If the requirement at the BTS side was relaxed by e.g. 10 dB, the MS will receive at - 98 dBm, which will desensitize it in a non acceptable way. This means that the IM requirements should be separated from the wideband noise; looking at what has been done with PCS 1900 (section 4.7.2.3 of TS 45.005), this is indeed the case, since the IM requirements are specified to - 60 dBc (peak hold value in 300 kHz). Relaxing the requirements from -70 dBc peak in 300 kHz to – 60 dBc peak in 300 kHz amounts to a relaxation of 10 dB  for the BTS intermodulation products at frequency offsets greater than 1.2 MHz. Repeating the above calculation with 10 dB more BTS intermodulation products shows that the IM products as received by the MS would be at – 98 dBm, still well below the – 49 dBm of the MS IM products. Hence such a relaxation has no system impact.
ZB.2.3
Inconsistency to linearity requirements of MS, investigated at various MS-BTS distances and in case that MS is over-performing  3GPP specifications

In ZB.2.2 it is shown that the intermodulation products generated by the MS receiver are much higher than the intermodulation products coming from the BTS itself, and that it is therefore possible to relax the BTS intermodulation requirements. However, this analysis is assuming the case that the MS is close to the BTS (i.e., at minimum coupling loss) and that the MS has intermodulation performances as specified in TS 45.005 (and not better). In this section, the analysis is extended to the case that the MS linearity is better than specified in TS 45.005 and to any MS-BTS distance. We show that the conclusions in ZB.2.2 remain unchanged.

First, the intermodulation requirement for the MS receiver from TS 45.005 can be translated on a requirement on the Input 3rd order Intercept Point (IIP3), provided a noise figure NF is assumed for the MS. Typical noise figures for MSs range from roughly 12 down to 6 dB, hence those two extreme values are assumed in the following calculations. TS 45.005 says that two carriers received at a power level of -49 dBm lead to a desensitization of the MS by 3 dB. A desensitization of 3 dB is (approximately) obtained if the cumulated power from the 3rd order IM products generated by the MS are at the same level as the noise floor. The calculations are summarized in Table 1.

	NF (dB)
	Noise floor (dBm)
	Level of individual IM3 products in MS PIM3(dBm)
	x (dB)
	IIP3 = -49 + x = - PIM3 + 3x (dBm)

	12
	- 109
	- 112
	31.5
	- 17.5

	6
	- 115
	- 118
	34.5
	- 14.5


Table 1: Summary of the calculations based on two different noise figures.
Indications from several terminal manufacturers are that GSM MSs can have IIP3 values roughly 5 dB higher than the higher of the two values in the table, i.e., roughly – 9 dBm. This value is assumed in the following. 

As next step, the power of the IM3 components in the MS receiver are analyzed at any distance from the BTS. Part of these components is generated in the BTS, and part in the MS receiver itself. These parts are regarded separately, using the notations given above (f2 and f3: carrier frequencies, f1 = 2f2 – f3, CL = Coupling Loss (dB)). The calculations are summarized in the following table.

Since the 3rd order intermodulation products generated in the mobile receiver decrease by 3 dB each time the MS-BTS path loss increases by 1 dB, and since the 3rd order intermodulations products generated in the BTS and as seen by the MS only decrease by 1 dB for each 1 dB increase of MS-BTS path loss, there is an intercept point at a certain distance from the BTS where the intermodulations from the BTS are as high as those generated by the MS itself. Beyond this distance, the intermodulations from the BTS are higher than those of the MS receiver. The coupling loss at the intercept point is named CLc in Table 2.

	
	Current BTS IM specs
	Relaxed BTS IM specs

	BTS2 output power (f2, f3) (dBm)
	39
	39

	BTS2 IM3 output power (f1) (dBm)
	- 40
	- 30

	Power at MS input (f2, f3) (dBm)
	39 - CL
	39 -CL

	BTS-IM3 = IM3 power at MS input due to BTS2 (f1) (dBm)
	- 40 - CL
	- 30 - CL

	MS-IM3 = IM3 power at MS input due to MS receiver (f1) (dBm)
	3 (39 – CL) – 2 IIP3 = 135 - CL
	3 (39 –CL) – 2 IIP3 = 135 - CL

	Coupling Loss CLc (dB) for which BTS-IM3 = MS-IM3
	87.5
	82.5

	BTS-IM3 or MS-IM3 (dBm) @ CLc
	- 127.5
	- 112.5


Table 2: Calculations based on the current BTS IM specifications and based on relaxed BTS IM specifications.
It can be seen from Table 2 that, in case the relaxation is applied, the BTS IM3 level in the MS at the intercept point is higher than the noise floor in the MS (assuming a 6 dB NF). Let us investigate what is in this case the area around BTS2 where the MS is desensitized by 3 dB. This area is a disk the radius of which is the distance where the  BTS-IM3 will be 

115 dBm – 3 dB = - 118 dBm (CL = 88 dB).

At this CL, the MS-IM3 can be neglected with regard to BTS-IM3. In order to give orders of magnitude of the corresponding distances, a Hata model with fc = 900 MHz, transmitter antenna height ht = 50 m and receiver antenna height hr = 1.5 m is assumed. With a 3 dB body loss, it means CL = 88 dB will be obtained for an MS-BTS path loss PL of 85 dB.

PL ≈ 69.55 + 26.16 log10(fc) – 13.82 log10(ht) – a(hr) + (44.9 – 6.55 log10(ht)) log10(d)

with 

a(hr) = (1.1 log10(fc) – 0.7) hr – (1.56 log10(fc) – 0.8) dB.

This gives 

PL ≈ 123.35 + 33.77 log10(d) and d ≈ 73 m for PL = 85 dB.

With the non-relaxed BTS IM specifications, the MS IM3 is dominant at those levels where it is comparable with the noise floor. MS-IM3 = -118 dBm occurs for CL = 84.3 dB, hence for PL = 81.3 dB. Applying the same formula as above gives d ≈ 57 m.

Hence relaxing the BTS IM specifications by 10 dB has increased the radius of the area where the MS is desensitized by more than 3 dB by approximately 16 meters.

This desensitization occurs in the case that the mobile receiver is significantly better than according to the specifications and under macro-cell circumstances.

A simple example shows that the increase of area in which the mobile receiver is additionally desensitized can in fact be neglected compared to the cell coverage area: If the ratio

r = area without desensitization, with relaxation / area without desensitization, without relaxation

is calculated in case that a cell coverage radius of (only) 1 km is assumed, we get

r ≈ 0.9979.

That means that the area without desensitization decreases by 0.2 % due to the relaxation. For higher cell coverage radii, this amount would be even smaller.

Taking into account the calculations mentioned above, it can be distinguished between two cases:

1. If the mobile receiver fulfills the specifications without margin, the effect of relaxing the BTS IM requirements has no impact on the system at all. At the distance from the BTS where the IM products of the BTS become dominant, the power level of the IM products (-127.5 dBm) is significantly below the level of the receiver noise floor (-109 dBm).

2. If the mobile receiver is significantly better than the specification (concerning linearity and noise figure), in principle the area increases in which the receiver is further desensitized. However, this increase has negligible impact.

ZB.2.4
Simulations done by Alcatel-Lucent

ZB.2.4.1: Macro cell containing a BTS of another operator

ZB.2.4.1.1 Description of the simulation settings

· Network

· reuse factor: 4/12

· radius of the cells: 4000 m 

· number of co-channel interferers taken into account: 6

· BTSs of the network

· placed in the left corners of the hexagons

· output power: 40 dBm

· antenna type: sectorized

· antenna maximum gain: 15 dBi

· half power beam width: 70°

· antenna main direction: 0°

· MSs of the network

· velocity: 3 km/h

· antenna maximum gain: 0 dBi

· receiver noise figure: 6 dB

· thermal noise: -121 dBm + 6 dB = - 115 dBm

· linearity (IP3) better than according to specification : 10 dB

· Interfering BTS

· placed in the right lower region of the central cell (visible in Figure 7)

· output power: switched off / 40 dBm (depending on the case)

· antenna type: sectorized

· antenna maximum gain: 15 dBi

· half power beam width: 70°

· antenna main direction: 180° (i.e. the opposite direction compared to the antenna of the network BTS)

· Channel

· path loss model: Hata model for f = 900 MHz (A + B log (distance/km))

· A = 120.9 dB

· B = 37.6 dB

· minimum distance between MS and BTS: 30.0 m

· slow fading enabled

In this simulation, a macro cell scenario was investigated. The interfering BTS was located in the right lower part of the cell. At this place, the SNIR of the wanted signal is lowest due to the distance to the received BTS (in the left corner of the cell) and the antenna pattern. It was assumed that in this region, the interfering BTS will have the highest impact on the system performance. To simplify the calculations, no power control and frequency hopping was taken into account thus resulting in a worst case situation. Note that the probability of an IM interferer can be much lower depending on the allocated frequencies of the operators in case of frequency hopping. In the calculations, it was assumed that the IM products from both the interfering BTS and the MS fall on the wanted signal from the network BTS. The IP3 of the MS receiver was set to a value 10 dB (!) higher than it would have according to the intermodulation specification of the MS receiver in TS 45.005.

For the first simulations, the interfering BTS was “switched off” in order to get reference values. In the next step, the BTS was “switched on” and the impact of the IM products on the SNIR and the throughput in the cell was calculated for the case that the IM products fulfil the current intermodulation attenuation specification (IMs 79 dB below the carrier level when measured in the same bandwidth of 30 kHz). Then the calculations were done in case of a relaxation of the intermodulation attenuation specification by 10 dB (i.e. IMs 69 dB below the carrier level when measured in the same bandwidth of 30 kHz).

ZB.2.4.1.2 Comparison of the SNIR and the throughput values

In Figure 2, the cumulative distribution functions (CDF) of the three cases (without IM products from the interfering BTS, with IM products according to current specification and with IM products according to 10 dB relaxation of the specification) are shown. In this representation, the curves cannot be distinguished. Therefore, Figure 3 shows as an example a zoom of the graphs around SNIR values of 5 dB. As can be seen from the three curves, the degradation due to relaxed IM requirements and compared to the situation without any IMs is in the range of 0.1 %. Note that the larger part of the total degradation is due to switching on the interfering BTS even according to current IM requirements, and that the proposed IM relaxation only adds a very marginal degradation.

In order to derive the impact of the proposed IM relaxation on the throughput, the obtained CDF vs. SNIR functions were combined with a relation between the SNIR values and the achievable maximum throughput. This relation was obtained by calculating the mean of the throughput vs. SIR and the throughput vs. SNR curves in the EGPRS case. That means, that the impact of the noise and the IMs was in this case weighted equally. This method seemed to lead to an adequate accuracy of the statements. In case of a different weighting between the noise and the IMs, the resulting throughput value would be between the curves of the throughput vs. SIR and the throughput vs. SNR. As can be seen from Figure 4, the deviation between the actual throughput value from the mean throughput value would in most cases be negligible.

The cumulative distribution functions (CDF) of the maximum throughput in the three cases is shown in Figure 5. Since the curves cannot be distinguished in this representation, Figure 6 shows as an example a zoom of the graphs around throughput values of 10 dB.

As can be seen from the three curves, the degradation due to relaxed IM requirements and compared to the situation without any IMs is less than 0.2 %. The larger part of the total degradation takes place when the IM source is switched on according to the current requirement. The additional degradation caused by the proposed IM relaxation of 10 dB is less than 0.1 %.
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	Figure 2: CDF vs. SNIR in three cases (without IMs, with IMs according to specification and with IMs according to 10 dB relaxation), calculated in the macro cell scenario.
	Figure 3: Zoom of Figure 2, example around SNIR values of 5 dB.
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Figure 4: Maximum throughput vs. SIR, SNR as well as the mean of SIR and SNR in the case of EGPRS.
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	Figure 5: CDF vs. maximum throughput in three cases (without IMs, with IMs according to specification and with IMs according to 10 dB relaxation), calculated in the macro cell scenario.
	Figure 6: Zoom of Figure 5, example around throughput values of 10 kbps.


ZB.2.4.1.3 SNIR differences in the cell

In order to show the amount of SNIR degradation graphically, the SNIR difference was calculated between the case without any IM and the case with IMs according to the current specification (see Figure 7, left side). The red pixels outside the hexagon occurred only due to the representation within a rectangle and are of no interest because the simulation was restricted to the area of the hexagon. The blue pixels within the hexagon show SNIR difference 
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 0. In the right lower part of the hexagon, the impact of the interfering BTS can be seen. The area that is affected by the IM products is rather small compared to the area of the whole hexagon. In Figure 7, right side, the same type of representation is shown for the SNIR difference between the case without IMs and the case with IMs relaxed by 10 dB. It can be seen that the affected area has almost not increased.
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Figure 7: Left: SNIR difference between the case without IM and the case with IM according to the current specification, calculated in the large cell scenario. Right: SNIR difference between the case without IM and the case with IMs relaxed by 10 dB, calculated in the macro cell scenario.

ZB.2.4.2: Micro cell containing a BTS of another operator

ZB.2.4.2.1 Description of the simulation settings

In this scenario, the cell radius was reduced to 200 m, the output power of the network BTS was reduced to 30 dBm (1 W). However, the output power of the interfering BTS was kept at 40 dBm. The antenna main direction of the interfering BTS was changed in the way that the IM products will have maximum impact within this cell. The same type of calculations and comparisons was done as above.

ZB.2.4.2.2 Comparison of the SNIR and the throughput values

The cumulative distribution functions (CDF) in the three cases can be seen in Figure 8. For lower values of the SNIR, a significant impact from the IM products can be seen. However the degradation of about 5 % comes mainly from the fact that there is an interfering BTS at all. An additional relaxation by 10 dB leads to almost no further reduction of the performance.

For the evaluation of the throughput, the relation between the throughput and the SIR and SNR values (as shown in Figure 4) was used. In principle, the same behaviour as mentioned for the CDFs of the SNIR can be stated: for low values of the throughput, a significant degradation of the performance can be seen if the IM source is switched on (see Figure 10 and Figure 11). But again, this degradation comes from the fact that there is an interferer at all. The impact of the relaxation by 10 dB is again negligible.
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	Figure 8: CDF vs. SNIR in three cases (without IMs, with IMs according to specification and with IMs according to 10 dB relaxation), calculated in the small cell scenario.
	Figure 9: Zoom of Figure 8, example around SNIR values of 15 dB.


	[image: image11.wmf]0

10

20

30

40

50

60

0

10

20

30

40

50

60

70

80

90

100

CDF vs. Maximum Throughput

Maximum Throughput (kbps)

CDF (%)

 

 

Without IMs

With IMs, unrelaxed

With IMs, relaxed


	[image: image12.wmf]24

25

26

27

28

29

21

22

23

24

25

26

27

28

CDF vs. Maximum Throughput

Maximum Throughput (kbps)

CDF (%)

 

 

Without IMs

With IMs, unrelaxed

With IMs, relaxed



	Figure 10: CDF vs. maximum throughput in three cases (without IMs, with IMs according to specification and with IMs according to 10 dB relaxation), calculated in the small cell scenario.
	Figure 11: Zoom of Figure 10, example around throughput values of 26 kbps.


ZB.2.4.2.3 SNIR differences in the cell

In order to show the impact of the IM products within the cell in a graphical way, the same type of presentation was chosen as above. In this case, the area affected by the interfering BTS has increased due to the fact that the interfering BTS radiates a power that is 10 dB higher than that of the network BTS. But the affected area is still small in comparison to the area of the whole cell. Figure 12 (left side) shows the SNIR difference between the case without any IM and the case with IMs according to the current specification. In Figure 12 (right side), the SNIR difference between the case without any IM and the case with relaxed IMs is shown. Again, there is no visible increase of the affected area if the IM requirement is relaxed by 10 dB.
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Figure 12: Left: SNIR difference between the case without IM and the case with IM according to the current specification, calculated in the small cell scenario. Right: SNIR difference between the case without IM and the case with IMs relaxed by 10 dB, calculated in the small cell scenario.

ZB.2.5
Simulations done by Ericsson
Simulation models

1.1 Model of transmitted spectrum

Present requirements in the GSM specifications is defined as -80 dBc (RMS) corresponding to –70 dBc peak hold.

The relaxed requirement set maximum IM to -70 dBc RMS from 1.2 MHz frequency offset to end of transmit band for macro BTSs, and from 1.8 MHz frequency offset for the micro BTSs

The sum of IM products and spurious emissions from a multicarrier RBS is modelled as wideband noise. This implies that all frequencies are always interfered in all time-slots. This corresponds to a really worst case scenario, but it is relevant for comparing the impact from different IM suppression performance. The real situation is less serious due to idle timeslots, power control, frequency hopping, etc.

1.2 Simulation environment and model

Investigations show that the impact on one operator’s network performance is low if the new BTS class replaces the old BTS. In the uncoordinated case there may be an obvious risk of impact on other operator’s network due to near-far effects. 
For small radius cells in city centers, Walfish-Ikegami propagation model is used and geographical description of a real city environment is implemented. This model is limited to cell radii of less than 600 m due to lack of geographical data

Distribution of C/I in the nodes is calculated, but no traffic generated or analysed. Based on the C/I in different positions the possible data throughput is estimated by mapping user data throughput versus C/I for EGPRS and EGPRS2-A users. Also the risk for increased dropped-call is investigated.

City environment simulations

1.3 Scenario description

From a street map of a fairly large city, sites for BTSs of 2 systems are located. The sites were adjusted to be located on roof of building (macro sites) or in street corners (micro sites). Two cases are investigated: uncoordinated systems: 2 macro systems or 1 macro and 1 micro system. Examples of site locations are shown in figure 1 and 2:

	[image: image14.wmf]
Figure 1: Street map with 2 macro systems
	[image: image15.wmf]
Figure 2: Street map with 1 macro and 1 micro system


A frequency plan for each system was allocated. 

The systems deployed in same area are independently frequency planned in adjacent bands with 200 kHz guard band. The macro systems have 3/9 reuse pattern and its BTS output power is +38 dBm fed into a 3-sector 17 dBi antenna (no power control), transmitting max power on all TS. The micro systems have 6/6 reuse pattern, BTS output power +30 dBm into an omni antenna, transmitting max power on all TS. The interfering system may be GSM or EDGE (EGPRS or EGPRS2-A).

Nodes in all the streets are located (blue dots in figure 1 or 2) and an attenuation matrix between each node and the different BTSs is calculated for each case. 

C/I in each node are calculated, but no traffic generated or analysed.

Parameters were varied to minimise the dependence of cell planning and geographical details. Following parameters were varied:

· C/I in each node is calculated assuming spectrum for each carrier to be according to GSM 45.005, with  –80 dBc RMS or -70 dBc RMS IM floor level

· Cell size macro: 300 m radius (called dense), 600 m radius (called sparse)

· Cell size micro: 10-150 m radius (adjusted to street corners)

· Macro BTS antenna located 25 m, micro BTS antenna 5 m above street level 

· Average roof height above street level variedto simulate different dense city scenarios and signal strength distribution: 16m or 20.5 m

· Dropped call criterion is defined as the minimum C/I required sustaining a call. This C/I criterion was varied 6 to 14 dB for one scenario.

· Rate adaptation for packet service is perfect and immediate to changes in C/I

· No power control applied

· Frequency hopping effect not considered

· MS IM not considered

Although the simulations are based on a specific map, the results can be interpreted in a statistical way. This means that the result can be applied to other urban scenarios. The conclusions drawn are seen as general.

1.4 Simulation results

Dense macro cell scenario

Varying the antenna height above average roof height, different signal and C/I distributions are obtained:
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Figure 3: Signal strength distribution in a dense macro scenario. Roof height 16 m, BTS antenna height 25 m
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Figure 4: C/I distribution on the networks IM<-80 dBc. 
Roof height 16 m, BTS antenna height 25 m
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Figure 5: Signal strength distribution in a dense macro scenario. Roof height 20.5 m, BTS antenna height 25 m
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Figure 6: C/I distribution on the networks IM<-80 dBc. Roof height 20.5 m, BTS antenna height 25 m


Dropped call impact

Checking for nodes where criterion for dropped call (C/I=10 dB) is fulfilled for BTS spectrum according to 45.005 but not fulfilled if IM requirements are relaxed, a small number of nodes are found:

	[image: image20.wmf]
Figure 7: Nodes in a micro system with increased risk of dropped call at C/I= 10 dB


The number of affected nodes is low and fairly independent of the scenario. The macro systems show even less number of affected nodes. 

Looking at the percentage of nodes with C/I for different degree of relaxation, the following applies:

	BTS antenna /Roof height
	25m/16m
	25m/20.5m

	IM requirement
	-80
	-70
	-80
	-70

	Macro interfered by Macro (%)
	0.38
	0.38
	0.56
	0.56

	Macro interfered by Micro (%)
	0.30
	0.30
	0.64
	0.64

	Micro interfered by Macro (%)
	0.38
	0.65
	0.37
	0.61


Table 1: Percentage of nodes with C/I> 10 dB before but C/I<10 dB after relaxation

The percentage of affected nodes is low for relaxation to –70 dBc:
	[image: image21.wmf]


Figure 8: Nodes in a micro system with increased risk of dropped call with C/I= 10 dB criterium
Varying the C/I criteria for dropped call the following dependence was found:
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Figure 9: Percentage of nodes with risk for dropped call as function of C/I, Macro to macro interference
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Figure 10: Percentage of nodes with risk for dropped call as function of C/I. Micro interfered by macro.


The impact on macro systems is negligible. For the micro system the impact is larger, and may be significant in some areas.

Impact on data rates

For services whose data rate is adapting to actual C/I to optimise performance, any degradation in C/I may have an impact on system performance. Looking at the street map, the nodes with more severe degradation than 3 dB (arbitrary number) are shown below for micro system interfered by a dense macro system with IM relaxed to –70 dBc
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Figure 11: Nodes in micro system showing >3 dB degradation in C/I at relaxation to –70 dBc


Looking at the distribution of C/I degradation for the different scenarios when IM suppression is relaxed to – 70 dBc, compared to –80 dBc:
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Figure 12: Distribution of C/I degradation in dense macro scenario. Roof height 16m, BTS antenna 25 m
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Figure 13: Distribution of C/I degradation in dense macro scenario. Roof height 20.5 m, BTS antenna 25 m.


A summary of the impact as the percentage of nodes with more than 3 dB C/I degradation is found in table below.

	BTS antenna /Roof height (m)
	25/16
	25/20.5

	IM requirement (dBc)
	-70
	-70

	Macro interfered by Macro (%)
	0.03
	0.54

	Macro interfered by Micro (%)
	0.06
	0.22

	Micro interfered by Macro (%)
	10.6
	10.6


Table 2 Percentage of nodes degraded more than 3 dB compared to –80 dBc IM attenuation.

The distribution C/I degradation can be translated to a distribution of degradation in user data rate, in absolute measures (kbps) or relative to maximum data bit rate possible with no relaxation (%).

EGPRS systems
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Figure 14: Distribution of absolute data rate degradation (kbps) when IM –70 dBc. Dense macro scenario, roof height 16 m, BTS antenna height 25 m.
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Figure 15: Distribution of relative data rate (%) when 
IM –70 dBc. Dense macro scenario, roof height 16 m, BTS antenna height 25 m.
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Figure 16: Distribution of absolute data rate degradation (kbps) when IM –70 dBc. Dense macro scenario, roof height 20.5 m, BTS antenna height 25 m.
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Figure 17: Distribution of relative data rate (%) when 
IM –70 dBc. Dense macro scenario, roof height 20.5 m, BTS antenna height 25 m.


The degradation in data rate for macro system is small for all normal cases. The data rate better than 96% for 99% of the positions. For micro cell system there are a few nodes with large degradation, but only 3% have more than 8% degradation.

The impact on total system capacity, measured as cumulative data rate in percentage of cumulative data rate with no relaxation, is very low (table 3).

	BTS-antenna /Roof height (m)
	25/16
	25/20.5

	IM requirement (dBc)
	-70
	-70

	Macro interfered by Micro (%)
	100.0
	100.0

	Micro interfered by Macro (%)
	99.3
	99.5

	Macro interfered by Macro (%)
	100.0
	99.9


Table 3 System capacity relative to system without relaxation

For relaxation –70 dBc the system capacity is at least 99.3% in all cases.

EGPRS2
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Figure 18 Distribution of absolute data rate degradation (kbps) when IM –70 dBc. Dense macro scenario, roof height 16 m, BTS antenna height 25 m.
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Figure 19: Distribution of relative data rate (%) when 
IM -70 dBc. Dense macro scenario, roof height 16 m, BTS antenna height 25 m.
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Figure 20: Distribution of absolute data rate degradation (kbps) when IM -70 dBc. Dense macro scenario, roof height 20.5 m, BTS antenna height 25 m.
	[image: image34.emf]50 55 60 65 70 75 80 85 90 95 100

  1 

    

  3 

    

    

    

    

    

    

 10 

    

 30 

    

    

    

    

    

    

100 

C.D.F.   [%]

Relative bit rate [%] in dense EGPRS2-A system with -70 dBc IM attenuation

Heights: Roof 20.5m, BTS antenna 25m

 

 

Macro interf. by Micro

Micro interf. by Macro

Macro interf. by Macro


Figure 21: Distribution of relative data rate (%) when 
IM –70 dBc. Dense macro scenario, roof height 20.5 m, BTS antenna height 25 m.


The degradation in data rate for macro system is small for all normal cases. The data bit rate is better than 94% for 99% of the positions. For micro cell system there are a few nodes with large degradation, 4.6% have >10% degradation.

The impact on total system capacity, measured as cumulative data rate in percentage of cumulative data rate with no relaxation, is very low (table 4).

	BTS-antenna /Roof height (m)
	25/16
	25/20.5

	IM requirement (dBc)
	-70
	-70

	Macro interfered by Micro (%)
	100.0
	99.9

	Micro interfered by Macro (%)
	98.9
	99.2

	Macro interfered by Macro (%)
	100.0
	99.9


Table 5 System capacity relative to system without relaxation

For relaxation to –70 dBc the system capacity is at least 98.9% in all cases.

1.5 Sparse macro scenario

To check how sensitive the results of the simulations are to cell planning, some simulations were performed with double size of the macro cell (called sparse macro scenario). All other parameters were unchanged.

The scenario shows lower average signal strength:
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Figure 22: Signal strength in sparse macro scenario. 
Roof height 16 m, BTS antenna 25 m
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Figure 23: C/I distribution in sparse macro scenario. 
Roof height 16 m, BTS antenna 25 m


Impact on dropped call rate

The same type of behaviour as in dense macro scenario is seen, with only a few nodes affected. Nodes with low signal strength from its connected BTS and close to BTS of other system show increased risk of dropped call.

Varying the criteria for dropped call the following dependence was found:
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Figure 24: Percentage of nodes with risk for dropped call as function of C/I, Macro to macro interference
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Figure 25: Percentage of nodes with risk for dropped call as function of C/I. Micro interfered by macro.


The impact on macro systems is negligible. For the micro system the impact is fairly small, but may be significant in some areas.

	BTS antenna /Roof height (m)
	25/16

	IM requirement
	-80
	-70

	Macro interfered by macro (%)
	0.18
	0.20

	Macro interfered by micro (%)
	0,27
	0.28

	Micro interfered by macro (%)
	0.26
	0.26


Table 5 Percentage of nodes with C/I> 10 dB before but C/I<10 dB after relaxation 
(increased in risk for dropped calls)

Impact on data rates

A street map showing the nodes that experience degradation in C/I that is more than 3 dB, is similar to that in dense case:

The percentage of nodes where C/I is degraded by more than 3 dB is shown in Table 6 for some different scenarios.

	[image: image39.wmf]
Figure 25: Street map with nodes where C/I degraded >3 dB


	BTS antenna /Roof height (m)
	25/16

	IM requirement (dBc)
	-70

	Macro interf. by Macro (%)
	0.42

	Macro interf. by Micro (%)
	0.77

	Micro interf. by Macro (%)
	3.59


Table 6: Percentage of nodes where C/I degraded >3 dB.

Characteristic for this scenario is that the impact on micro system is significantly lower (1/3). On the other hand is the impact on macro systems a little higher, but still fairly small. The increased impact on macro system is due to lower signal strength in many nodes from its own BTSs.

The distribution of C/I degradation shows this clearly:
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Figure 26: Distribution of C/I degradation in sparse macro scenario with IM -70 dBc. Roof height 16 m, BTS antenna 25 m


Corresponding impact on user data rates is shown below.

EGPRS
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Figure 27: Distribution of data rate degradation (kbps) in sparse macro scenario when relaxed to –70 dBc. Roof height 16 m, BTS antenna height 25 m.
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Figure 28: Distribution of relative data rate (%) in sparse macro scenario when relaxed to –70 dBc. Roof height 16 m, BTS antenna height 25 m


The impact on the distribution of data rates is quite low for systems relaxed to –70 dBc.

The total capacity reduction is still quite small (Table 7):

	BTS-antenna/Roof height (m)
	25/16

	IM requirement (dBc)
	-70

	Macro interfered by Micro (%)
	99.8

	Micro interfered by Macro (%)
	99.6

	Macro interfered by Macro (%)
	99.9


Table 7: System capacity relative to system without relaxation

The impact in extreme scenario for macro systems interfered by micro systems is higher than in the dense case, but is still reasonable for IM -70 dBc.

EGPRS2

	[image: image43.emf]-50 -45 -40 -35 -30 -25 -20 -15 -10 -5 0

  1 

    

  3 

    

    

    

    

    

    

 10 

    

 30 

    

    

    

    

    

    

100 

C.D.F.   [%]

Degradation in bit rate [kbps] in sparse EGPRS2-A systems with max IM attenuation -70 dBc

Heights: Roof 16m, BTS antenna 25m

 

 

Macro interf. by Micro

Micro interf. by Macro

Macro interf. by Macro


Figure 29: Distribution of data rate degradation (kbps) in sparse macro scenario when relaxed to –70 dBc. Roof height 16 m, BTS antenna height 25 m.
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Figure 30: Distribution of relative data rate (%) in sparse macro scenario when relaxed to –70 dBc. Roof height 16 m, BTS antenna height 25 m


The impact on the distribution of data rates is quite low for systems relaxed to –70 dBc.

The total capacity reduction is still quite small (Table 8):

	BTS-antenna/Roof height (m)
	25/16

	IM requirement (dBc)
	-70

	Macro interfered by Micro (%)
	99.7

	Micro interfered by Macro (%)
	99.5

	Macro interfered by Macro (%)
	99.8


Table 8: System capacity relative to system without relaxation

The impact in extreme scenario for macro systems interfered by micro systems is higher than in the dense case, but is still reasonable.

ZB.2.6
Simulations done by ZTE

ZB.2.6.1 Scenario assumptions: 1km/700m radii cell in normal city/dense city network surrounded by BTSs of another operator with IM interference

ZB.2.6.1.1 Description of the simulation settings

	IM requirement

	Unrelaxed(Specified in 45.005)
	-79 dBc (average)

	Relaxed
	-70 dBc (average)

	BTS and MS of the network

	frequency reuse factor
	4/12

	MS Velocity
	3km/h

	BTS position (m)
	(0,0)

	BTS single carrier maximum output power 
	40 dBm

	BTS antenna maximum gain
	15 dBi

	BTS antenna main direction
	0°

	BTS height
	30 m

	MS number per cell
	10

	MS antenna maximum gain
	0 dBi

	MS thermal noise
	-115 dB

	MS linearity (IP3) 
	10 dB better than according to specification

	Interfering BTS

	central BTS position (m)
	(30,0)

	single carrier output power
	40 dBm

	antenna maximum gain
	15 dBi

	antenna main direction
	0°

	minimum distance between MS and BTS
	30 m

	MCL between MS and BTS
	59 dB

	Simulation setting

	cell radius(network and interfering BTS) 
	Scenario 1  1000 m

	
	Scenario 2  700 m

	path loss model
	Cost231‑Walfish‑Ikegami 

Loss (dB) = 132.8 + 38log(d/km)

	slow fading
	enabled

	fast fading
	enabled


In this simulation, 1km/700m cell radii scenarios are investigated. The interfering BTSs (in blue) are located around the network GSM BTS (in red). Downlink power control is used in the network BTS, while only maximum power is used in the interfering BTS during the whole simulation period. It is assumed that the IM products from both the interfering BTSs and the MSs fall on the wanted signal from the network BTS. The IP3 of the MSs receivers are set to a value 10 dB higher than it would have to be according to the intermodulation specification of the MS receiver in TS 45.005. The network setting of scenario 1km cell radius is shown in Figure 13.
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Figure 13: network setting(1km cell radius)

For the simulation, the impact of the IM products on the SIR and the cell capacity of voice service are calculated for the case that the intermodulation products fulfil the current specification (i.e. -79 dBc average value) and the case a relaxation of the intermodulation attenuation specification by 9 dB (i.e. -70 dBc average value).

ZB.2.6.1.2 Comparison of the SIR values and system capacity

The cumulative distribution functions (CDF) in the 2 different cases can be seen in Figure 14. With an IM relaxation by 9 dB, almost no impact on lower SIR values can be seen, and it neither leads to any interrupted rate increasing at all.

[image: image46.emf]-50 -40 -30 -20 -10 0 10 20 30 40 50

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Sir dB

CDF

Empirical CDF

 

 

With IMs, relaxed

With IMs,unrelaxed

[image: image47.emf]-40 -30 -20 -10 0 10 20 30 40

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Sir dB

CDF

Empirical CDF

 

 

With IMs, relaxed

With IMs,unrelaxed


Figure 14: CDF vs. SIR for scenario 1km/700m radii

	radius: 1km

	
	relaxed
	unrelaxed

	SIR average value(dB)
	12.6428
	13.8127

	Interrupted Rate (%)
	3.520001
	3.520001

	 radius: 700 m

	SIR average value(dB)
	15.9586
	17.7297

	Interrupted Rate (%)
	1.719999
	1.719999


Table 3: Impacting calculation

In the two scenarios it can be seen that the relaxation of the intermodulation attenuation requirement by 9 dB has an acceptable system impact.
ZB.2.6.1.3 Conclusions

(1) The lower value SIR distribution is almost unchanged and, less than 2dB SIR average value is introduced in all.

(2) No increasing to the voice interrupted rate because no lower SIR distribution difference is caused.

(3) Comparing the 2 scenarios, a conclusion can be made that no impact to system capacity is introduced with the relaxation for different antenna main angles, BTS position offsets and cell radius settings.

Therefore, the proposal to change the measurement method from peak value to average value for intermodulation requirement will cause negligible system impact.

ZB.3
Receiver Blocking Requirements

ZB.3.1 Proposal for the relaxation

Initially, it was proposed to relax the blocking requirements of the BTS receiver by aligning them to those of DCS 1800. During the discussions, it was found that on the GSM-R field, there are some differences to GSM networks used for public communication: there are still high power MSs in use and the antenna patterns differ concerning the directivity and the location. As a consequence, it was agreed to split the blocking requirements in the way that those of GSM-R are unchanged and only those of “public” GSM networks are relaxed by aligning to the values defined for DCS 1800. Later on it was discussed how to deal with receive levels exceeding the relaxed blocking values. Such high levels occur with a rather small probability but due to complete blocking of the BTS receiver, they can lead to an amount of drop calls that is not acceptable within GSM networks. Several possibilities o cover such rare cases were discussed. Finally, it was agreed that the best way to solve this problem is to introduce a second higher blocking level at which the sensitivity may degrade compared to the sensitivity that must be ensured in the “normal” blocking case.

ZB.3.2 Inconsistency to wideband noise requirements of MS transmitters

In the following, the in-band blocking requirements for the BTS are considered, as they are given in TS 45.005 subclause 5.1. For GSM 900 BTS at frequency offsets higher than 3 MHz, the requirement is set to -13 dBm for the blocking signal. This means that the BTS sensitivity should be reduced by 3 dB when a -13 dBm input interferer is applied (more accurately stated, that the reference sensitivity performance is met for the BTS in presence of a blocking signal at -13 dBm when the wanted signal is set 3 dB above the reference sensitivity level). The equivalent blocking requirement for DCS 1800 BTS is set to -25 dBm.

Those requirements come from the analysis of the so-called scenario 3 in TS 45.050 (multiple MSs and BTSs, uncoordinated, see subclauses A.3.3 and A.7.2.1), depicted in the figure below:
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Figure 15: Scenario 3, considered in the derivation of the BTS blocking requirement.

The uplink situation is of interest, as described in Figure 15: MS1 and BTS1 belong to operator 1, whilst MS2 and BTS2 belong to operator 2. BTS2 receives the weak signal (just above reference sensitivity level) coming from the distant MS2 on frequency f2. BTS2 receives in addition the very strong (blocking) interfering signal on frequency f1, coming from the close MS1, which transmits at full power in order to reach the distant BTS1. As example for the rest of the calculations, it is assumed that

l f2 – f1 l = 3 MHz.

For GSM 900 normal cells, a Minimum Coupling Loss (MCL) of 59 dB has generally been assumed when the requirements were derived. Hence the blocking signal from MS1 is received at BTS2 at the following input power:

33 dBm – 59 dB = - 26 dBm.

Assuming a Multiple Interference Margin (MIM) of 10 dB (which means that there are up to 10 interfering mobiles like MS1 in the immediate vicinity of BTS2, an extremely unlikely situation), the total blocking power at BTS2 is 

-26 dBm + 10 dB = -16 dBm.

Obviously, an additional 3 dB margin has been taken in order to obtain the final -13 dBm requirement.

Now it is examined if this -13 dBm requirement is consistent with other requirements in TS 45.005, namely the requirements on the MS spectrum due to modulation and wideband noise, specified in subclause 4.2.1, table a1) for GSM 900. Table a1) and spectrum mask in figure A.1a of TS 45.005 Annex A show that, at 3 MHz from the carrier frequency, the noise generated by a small MS in a 100 kHz bandwidth must be 65 dB below the carrier level as measured in a 30 kHz measurement bandwidth. (This requirement applies both for 8-PSK and GMSK modulations). Applying the conversion factors agreed by SMG2 and archived in TS 45.050 clause 6 leads to:

conversion from average power in 100 kHz to peak power in 30 kHz: + 5 dB

conversion from peak power in 30 kHz to average power in 30 kHz: - 9 dB

--> conversion from average power in 100 kHz to average power in 30 kHz: - 4 dB

Requirement on wideband noise: 

-65 dB – 4 dB = -69 dBc

(with noise and carrier measured in a 30 kHz measurement bandwidth).

Coming back to the scenario depicted in Figure 15, this means that BTS2 will receive from MS1 a noise power, as measured in a 200 kHz bandwidth centered on f2, approximately equal to:

33 dBm – 69 dBc – 59 dB = -95 dBm.

If there were 10 such MS1 in the close vicinity of BTS2, as assumed in the derivation of the blocking requirement by taking MIM = 10 dB, this noise floor as received by BTS2 would raise to 

-95 dBm + 10 dB = -85 dBm.

This is 16 dB above the wanted signal level as prescribed in the blocking requirement (3 dB above the BTS reference sensitivity level means -104 dBm + 3 dB = -101 dBm), and nearly 30 dB above the level of a co-channel interferer that would degrade the BTS reference sensitivity level by only 3 dB (-101 dBm – 9 dB – 3 dB = -113 dBm).

From this it appears that the scenario around which the blocking requirement has been derived is unrealistic: if 10 MSs such as MS1 were in the immediate vicinity of a BTS2 owned by another operator, their cumulated noise emissions would desensitize BTS2 in the range of 30 dB, making the blocking effect negligible.

ZB.3.3 Investigation of the inconsistency for higher frequency offsets and for equipment over-performing the specifications

· Inconsistency at frequency offsets equal or higher than 6 MHz

In order to consider higher frequency offsets, the same type of calculation was done as above: starting from the requirements on the MS spectrum due to modulation and wideband noise, specified in subclause 4.2.1, table a1) for GSM 900, it can be seen that for frequency offsets equal or larger than 6 MHz from the carrier, the wideband noise generated by a small MS in a 100 kHz bandwidth is limited to a value of –71 dBc if the carrier level is measured in 30 kHz bandwidth. Applying the same conversion factors as above, this leads to a value of

-71 dBc – 4 dB = -75 dBc,

if the carrier and the noise are measured in the same bandwidth of 30 kHz with average detector. If furthermore a transmit power of 33 dBm and a MCL of 59 dB is assumed, that means that the BTS receives a noise power (in 200 kHz) from the MS which is

33 dBm – 75 dBc – 59 dB = -101 dBm.

With a MIM = 10 dB, the BTS receives a noise floor at a level of 

-101 dBm + 10 dB = -91 dBm.

This level is still 10 dB higher than the level at which the wanted signal is received according to the blocking requirement (-104 dBm + 3 dB = -101 dBm). Compared to a co-channel interferer degrading the BTS reference sensitivity by only 3 dB (i.e. –113 dBm), this noise power is even 22 dB higher. Consequently it can be stated that the argumentation given above is still valid for frequency offsets equal or larger than 6 MHz at which the wideband noise limit is 6 dB more stringent than at offsets between 3 and 6 MHz.

· Impact of MS transmitters with lower noise than according to the specification

During the discussions, it was also requested to apply the typical performance of available MSs. Already in 1999 it was stated by major mobile vendors that the performance is typically at least 3 dB better than the specification. A noise level that is 3 dB better than according to the specification means that at frequency offsets equal or larger than 6 MHz, this MS would fulfil a noise limit that is 74 dB below the carrier power. Applying the same conversion factors and the MIM as mentioned above leads to a noise level of –94 dBm (generated by 10 MSs). This noise level is still 7 dB higher than the level of the wanted signal (-101 dBm) and compared to the co-channel interferer level (-113 dBm), it is still 19 dB higher. As can be seen from these values, even if the MS transmitter over-performed the wideband noise specification further, the noise level would still be higher than the levels of the wanted signal and the co-channel interferer. Only if the wideband noise of the MSs was at least 10 dB better than according to the specification, their noise would start to be lower than the wanted signal and the co-channel interferer. In these calculations, it was assumed that the reference sensitivity of the BTS receiver is according to the specification. If the BTS receiver over-performs its reference sensitivity specification as well, the effect of the reduced noise level coming from the MSs is again compensated. This is shown in the next section.

· Impact of BTS receivers with a reference sensitivity better than according to the specification

Modern BTS receivers show a reference sensitivity that is significantly better than required in the standard. For the following considerations a reference sensitivity of –111 dBm is assumed which is 7 dB better than according to the standard. In this case, the cumulated noise level of 10 MSs (over-performing their wideband noise specification by 3 dB and near to a BTS receiver, as assumed above) stays at its value of –94 dBm.

For the better overview, the derived level differences between the wideband noise at 6 MHz offset and the wanted signal level on one side and between the wideband noise at 6 MHz offset and the co-channel interferer level on the other side, are listed in Table 4.


	
	Wideband noise of 10 near mobiles is above the wanted signal level by…
	Wideband noise of 10 near mobiles is above the level of a co-channel interferer by…

	Situation if BTS RX and MS TX operate according to specification.
	10 dB
	22 dB

	Situation if MS TX has 3 dB lower noise than according to specification.
	7 dB
	19 dB

	Situation if MS TX has 3 dB lower noise than according to specification and BTS RX has 7 dB better sensitivity.
	14 dB
	26 dB


Table 4: Level differences between wideband noise at 6 MHz offset and wanted signal level as well as level differences between wideband noise at 6 MHz offset and co-channel interferer level, for different assumptions concerning the performance of MS transmitters and BTS receivers.

ZB.3.4 Blocking requirement and LO spectral purity

The purpose of this section is to analyze if there can be any problem with LO spectral purity if the blocking requirement is relaxed.

Blocking in the BTS receiver can happen due to a multiplicity of causes, such as parametric reduction of LNA gain due to the presence of a strong interferer and limited ADC dynamic range; LO noise sidebands are one of these causes: assume for example an interferer (blocker) at 3 MHz from the wanted signal. The noise sidebands at 3 MHz from the LO central frequency will mix with this interferer to generate products that fall on exactly the same IF (or baseband) frequency as the wanted signal; in other words, lack of LO spectral purity converts interferences on other frequencies into direct co-channel interference that can no longer be eliminated by filtering.

When designing a receiver, a kind of "degradation budget" has to be allocated to each of these causes so that their cumulated effects still allow to meet the overall blocking requirement. It is therefore true that setting a blocking requirement places a constraint on LO spectral purity, although to which extent is partially implementation dependent.

Lack of LO spectral purity at rather large distances from the central frequency has no other detrimental effect than the one described: increase of co-channel interference and hence potential reduction of BTS sensitivity. If there are several (say, N) active mobiles around the BTS, transmitting on a set of different frequencies, the noise sidebands of the LO will convert these interferences into co-channel interference; this basically means that all these non-correlated interferences will add up in power and then in principle will reduce the BTS sensitivity.

This phenomenon is investigated in more detail, referring to Figure 16 below. The RF signal is made of the wanted signal, with power Ps, the interfering (or blocking) signals from the interfering MSs, with powers Pik (1 ≤ k ≤ N), the BTS generated white noise with power NBTS in 200 kHz and the white wideband noise received from the N MSs, with total power NMS in 200 kHz. For the sake of clarity, these noise contributions are not represented in the figure (apart from the LO noise).
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Figure 16: LO noise, signal and interferers at RF input of BTS down-converting mixer.

Since it is of main interest to compute the signal to (noise+interference) ratio at the output of the mixer, it can be assumed that the LO has a unity power at its nominal frequency and that the mixer acts as a mere multiplier. It is assumed that the LO has sidebands with a constant power spectral density, the LO sideband power in 200 kHz being α, with α <<1 (see Figure 16).

The MS generated wideband noise is always specified as a fraction of the MS transmit power. For example, it was shown that an MS complying with TS 45.005 generates a wideband noise with power in 200 kHz approximately 69dBc below the MS power (33 dBm). An MS exceeding TS 45.005 would generate less wideband noise, but we can always assume without lack of generality that the noise power generated by an MS in 200 kHz is some fraction of the MS transmitted signal power. Hence the noise power received from an MSk by the BTS will be β. Pik using the above notations (with β << 1). Since this is valid for all MSs, irrespective of their distances to the BTS, this leads to:
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We also have:
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with B = 200 kHz, T = 298 K, k the Boltzmann constant and F the BTS noise figure.

After down-conversion, the different components of the IF or baseband signal in 200 kHz around the wanted carrier are:

1) wanted signal with power Ps x 1 = Ps

2) wideband noise from LO with power in 200 kHz around wanted signal downconverted carrier: α . Ps

3) interfering signals from the N MSs: 
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4) wideband noise from the N MSs with power in 200 kHz: 
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5) wideband noise from the N MSs down-converted by the LO sidebands with power in 200 kHz: 
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(the mixer actually performs the convolution of the wideband noise from the MS and from the LO that span the whole GSM 900 receive band, i.e. 25 MHz; the factor 25 MHz / 200 kHz = 125 accounts for this convolution).

This last component can be neglected, since α and β are << 1. The sequel will show that α is around 10-9, β around 10-7.

Hence the signal to (noise+interference) ratio at the mixer output is:
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From this equation, it can be seen that N blocking interferers with individual received power Pik are equivalent to a single blocking interferer with received power equal to ∑ Pik. This can stand as a theoretical justification of the way blocking was specified in TS 45.005, namely with a single blocker rather than with a multiplicity of blockers on different frequencies. (Of course, the practical reason behind the chosen method is also simplicity of testing).

What was shown above is that, in a real scenario, if ∑ Pik = -13 dBm as per the TS 45.005 blocking requirement, then

β . (∑ Pik) >> FkTB,

if MSs generate a wideband noise according to TS 45.005. This remains true even if real MSs outperform TS 45.005 in terms of wideband noise generation by as much as 6 dB and even if the blocking requirement is relaxed to ∑ Pik = -25 dBm.

In the TS 45.005 blocking test (without relaxation), ∑ Pik = -13 dBm and there is no wideband noise from MSs, which means that β = 0 in the above equation; Ps is set 3 dB above reference sensitivity, i.e. at – 101 dBm (hence 

Ps << ∑ Pik) and FkTB ≈ -117 dBm

for a BTS with 4 dB noise factor. For the reference performance to be met under the blocking test, the resulting SINR must be roughly greater than 9 dB, which means that:
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As expected, this sets a higher limit on the LO spectral purity α:

α < 1.6 . 10-10 = - 98 dBc / 200 kHz

If the blocking requirement is relaxed as suggested to ∑ Pik = -25 dBm, this will relax the requirement on LO spectral purity. The same calculation as above, mutatis mutandis, now gives:

α < 2.53 .  10-9 = - 86 dBc / 200 kHz.

Now, in live scenarios, blocking MSs will always generate wideband noise. Above it was shown that if β >> α, then the contribution from the MS wideband noise will be dominant wrt the contribution due to LO noise (α.Ps is always negligible since Ps is always assumed to be only slightly above reference sensitivity when blocking scenarios are considered). We have shown that β = - 69 dBc for MSs just complying with the TS 45.005 requirements for wideband noise. Even if real MSs now outperform the wideband requirements by as much as 6 dB, β = - 75 dBc for these MSs and this is still 11 dB above the α corresponding to the relaxed LO requirement (corresponding to the – 25 dBm relaxed blocking requirement). Hence α remains negligible as compared to β, even when α is determined using the relaxed blocking requirement.

ZB.3.5 Simulations done by Alcatel-Lucent
In the following, simulations are shown taking into account different propagation models and also MSs with high output power of 39 dBm. For this investigation, a hexagon cell of radius 2000 m was considered. Within this cell, 50 MSs were placed randomly each operating with a power of 33 dBm. The power values received at the BTS from each of the MSs were accumulated and the cumulative distribution function of this receive power level was calculated. A minimum distance between MS and BTS of 30 m was assumed. The propagation loss was modelled using the equation:

loss = A + B log (distance/km).

For the Hata model, the parameters were set to A = 120.9 dB and B = 37.6 dB (for a frequency f = 900 MHz). Since this model is not suited for small MS-BTS distances, the simulation was also done using the Walfish-Ikegami model with the parameters set to A = 101.7 dB and B = 26.0. In the used model, the antenna height was not yet taken into account. That means that even very close MSs were weighted with the horizontal pattern of the BTS antenna thus leading to a rather unlikely worst case situation. In real circumstances, the receive level of close MSs would have been much smaller due to the actual lobe of the antenna.

Figure 17 shows the simulation results. The solid line represents the CDF vs. the receive level in the case of the Hata model. The dashed line was obtained using the Walfish-Ikegami model. For low receive levels, the curves differ significantly. In this case many of the MSs are far from the BTS and therefore, rather the Hata model applies. For high receive levels, many MSs were placed near to the BTS. In this case, rather the Walfish-Ikegami model applies. Since the higher receive levels are of special interest in this investigation, Figure 18 shows a zoom of Figure 17. 

In Table 5, a comparison of the CDF values at –25 dBm and –13 dBm using the different propagation models can be seen. Going from –13 dBm to –25 dBm, the CDF value decreases by approx. 1.1 % in case of the Hata model and by 3.1 % in case of the Walfish-Ikegami model. Taking into account that the actual antenna lobe has less gain in the direction of close MSs, the receive power levels would be even smaller than in the two plots. 

All in all, it can be stated that even with a high number of medium power MSs each operating at full power at the same time and also with the worst case propagation assumptions, the likelihood of a blocking signal at –25 dBm is only slightly higher than the likelihood at –13 dBm.
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Figure 17: Receive level comparison using Hata and Walfish-Ikegami propagation model.
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Figure 18: Receive level comparison using Hata and Walfish-Ikegami propagation model, zoom at higher receive levels.

	Receive level (dBm)
	CDF (%) using Hata model
	CDF (%) using Walfish-Ikegami model

	-13
	0.9988
	0.9976

	-25
	0.9874
	0.9662


Table 5: Comparison between the CDF values using Hata and Walfish-Ikegami model.

· Influence of MSs operating at 39 dBm

High power MSs with a maximum output power of 39 dBm are still used in the domain of R-GSM. In order to investigate the possible impact on the receive level, a hexagon cell was assumed as mentioned above. In this case, only the Walfish-Ikegami model was taken into account to calculate the path loss because this leads to the worse case than using the Hata model. Since these high power MSs are not used by the public, only 10 instead of 50 MSs were placed randomly within the cell, all operating at the maximum power at the same time.

Figure 19 shows the CDF vs. the receive level in a larger range of receive levels and Figure 20 shows a zoom at higher power levels. Going from –13 dBm to –25 dBm, the CDF value changes from 0.9986 to 0.9854. This is a difference of approx. 1.3 %. Taking into account that a worst case scenario was used as basis for this simulation (all MSs operating at the same time at full power, attenuation of close MS signals due to the antenna lobe not included), we can state again that the proposed relaxation of the blocking requirement leads to a negligible difference in the likelihood.

[image: image59.wmf]-60

-50

-40

-30

-20

-10

0

0

10

20

30

40

50

60

70

80

90

100

CDF vs. Receive Level using Walfish-Ikegami model

Receive Level (dBm)

CDF (%)


Figure 19: Receive level in the case of 10 high power MSs, using Walfish-Ikegami propagation model.
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Figure 20: Receive level in the case of 10 high power MSs, using Walfish-Ikegami propagation model, zoom at higher receive levels.
ZB.3.6 Investigation of a blocking scenario in a dense urban area
An illustration of this scenario is given in Figure 21: 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. A BTS antenna gain of 20 dB of operator A was assumed.
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Figure 21: Illustration of the scenario for the blocking investigation in a dense urban area.

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 network simulations.

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 
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 = 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.

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 will occur in reality. 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.

· Desensitization of the MSs due to reciprocity

In a scenario as described here, 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 at an 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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Available 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.

It can be summarised 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.

ZB.3.7 Treatment of receive levels exceeding the new blocking limit
During the discussions, the question came up what to do in the rather rare case that the signal level at the receiver is higher than –25 dBm. If the receiver was designed to process signals just up to this level, it could be completely blocked by higher signal levels. This is due to the fact that the AD converters have a fixed limit of their dynamic range. Several possibilities were considered to deal with or avoid such situations:

1. Define a second higher blocking level (e.g. 3 dB higher) where larger desensitization could be allowed.

2. Define a requirement on duration and levels of “blind” periods.

3. Increase the proposed blocking level to be 2-3 dB higher.

It was found that the first proposal delivers the most suitable solution which fits best to the situation in the field: It leaves the value of –25 dBm as target value for the relaxation at which the full “blocking sensitivity” of –101 dBm (original sensitivity of –104 dBm, desensitized in the blocking case by 3 dB) has to be achieved. On the other side, it covers the rare cases where very high blocking signals occur at the receiver. As it was shown above, in such cases the receiver suffers also from a very high wideband noise level caused by the transmitters of mobiles located close to the BTS in the uncoordinated scenario. This noise level anyway leads to a significant desensitization of the BTS receiver. That means that a certain desensitization defined in the standard could not be “seen” by the GSM system. It was then proposed to introduce a second higher blocking level  with degraded sensitivity as shown in Table 6.

	
	 “Regular” blocking case
	“Exceeded” blocking case

	Blocking level (dBm)
	-25
	-22

	Sensitivity level (dBm)
	-101
	-98


Table 6: Blocking and sensitivity levels proposed by Alcatel-Lucent.

The second proposal was not favored because it would not avoid the blocked periods but only limit them.

The third proposal does not suffer from the disadvantage of the second proposal. However, it does not take advantage of the fact that in case of a high blocking signal at the BTS receiver, there would also be a high desensitization caused by the noise of the mobiles located nearby.
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