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1. Introduction

This contribution presents analytical results in order to investigate the dead zone for the UMTS1900 and GSM systems operating in adjacent frequency bands. In response to the work items in [1], this document proposes analytical models for assessing the impact of the GSM interference on the UMTS1900 uplink/downlink capacity or coverage. The analytical results developed for the UMTS1900 system can be applied to the UMTS1800 or TIA/EIA-95 system. 

When the UMTS1900 system and a narrowband system (such as a GSM or IS-95 system) are operating in adjacent frequency blocks, the narrowband system in the proximity of the UMTS system could cause a reduction in the UMTS1900 capacity or/and coverage. Therefore, it is important to understand that the UMTS capacity/coverage loss is a function of the UMTS receiver selectivity (or ACIR) and the propagation loss (or distance) between both systems. Once a tolerable WCDMA capacity/coverage loss is elected, the dead zone can be calculated.

2. Analytical model for GSM mobile aggressing UMTS BS

In addition to the simulation results given in the previous contributions [2-7], we provide more insight into the impact of GSM mobile interference on the UMTS BS performance by examining the analytical results for the dead zone study. The proposed analytical model is shown in Figure 1 and outlined below:

· The UMTS base station is located at the GSM cell coverage edge.

· An interfering GSM mobile moves between its serving cell and the affected UMTS BS.

· The interfering GSM mobile transmit power reaches the maximum power (30 dBm) when it is located at the GSM cell edge. 

· The power control for the GSM mobile is considered. In other words, the GSM mobile power is reduced when it approaches the serving GSM BS and leaves the UMTS BS (i.e., its propagation loss to the GSM BS reduces). The minimum transmit power of the GSM mobile is 0 dBm.

· The average propagation loss follows the Macrocell propagation model defined in TR 25.941. The propagation loss should not be less than the free space loss and the propagation loss minus antenna gains should not be less than the MCL (70 dB).

Most parameters are the same as those parameters [8-10] used in the simulations to estimate the UMTS uplink capacity loss due to GSM mobile interference. When the interfering GSM mobile approaches the affected UMTS BS, the GSM interference increases and there exists a point where the UMTS BS received signal energy to noise plus interference density ratio [Eb/(Nt+IGSM)] falls below the target value (6.1 dB) required to maintain adequate quality. The dead zone is defined as the region in which if the interfering GSM mobile is located, causes the UMTS BS receiver sensitivity to degrade below a defined threshold.
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Figure 1: Analytical model for the impact of GSM mobile on WCDMA BS

From the UMTS uplink perspective, we can derive the maximum allowable propagation loss and cell radius by using the link budget. Table 1 shows an UMTS 8 kbps speech uplink budget example that is developed based on the parameters given by the 3GPP TR 25.942. It is found the link budget that the bottom line - maximum allowable path loss is 146.5 dB. This maximum path loss corresponds to a UMTS maximum cell radius of 3.1 Km (or an inter-site distance of 4.65 Km), assuming 15 meters of antenna height above the average rooftop (recommended by TR 25.942). 

Table 1. 3-sector UMTS1900 Uplink Budget with 8 kbps Speech Applications and Outdoor Coverage

Item
Units
Values
Comments

(a) Maximum Transmitted power per traffic channel
dBm
21
per 3GPP TR 25.942

(b) Transmit Cable, connector, combiner, and body losses
dB
0
per 3GPP TR 25.942

(c) Transmitter Antenna Gain
dBi
0
per 3GPP TR 25.942

(d) Transmitter EIRP per traffic channel (a-b+c)
dBm
21


(e) Receiver Antenna Gain
dBi
14
per 3GPP TR 25.942

(f) Receiver Cable and Connector Losses
dB
0
included in Item (e) antenna gain

(g) Receiver Noise Figure
dB
5
per 3GPP TR 25.942

(h) Receiver Noise Density
dBm/Hz
-174


(i) Receiver Interference Margin (Noise Floor Rise Caused by Other User Interference)
dB
6.0
75% loading, per 3GPP TR 25.942

(j) Total Effective Noise plus Interference Density (=g+h+i)
dBm/Hz
-163.0


(k) Information Rate (10log(Rb)) 
dB
39.0
per 3GPP TR 25.942

(l) Required SIR or Eb/(Io+No)
dB
6.1
per 3GPP TR 25.942

(m) Receiver sensitivity (=j+k+l)
dBm
-117.9


(n) Hand-off Gain
dB
5


(o) Explicit Diversity Gain (included in (l) Required Eb/No)
dB
0
diversity gain has been included 

in required Eb/No

(p) Log-normal Fade Margin
dB
11.4
a theoretical value for a noise-limited environment associated with 95% cell coverage and 10 dB log-normal standard deviation 

(p') Building/Vehicle Penetration Loss
dB
0.0


(q) Maximum Path loss {d-m+e+o+n-p-p'}
dB
146.5


Here, we consider that the UMTS mobile of interest is located at the serving UMTS cell edge and investigate the UMTS BS uplink capacity/coverage loss due to the GSM mobile signal power for two scenarios: 

· UMTS and GSM cell radii of 3.1 Km – In this scenario, the UMTS cell layout is designed to the maximum path loss of 146.5 dB (or the maximum cell radius of 3.1 Km). The link budget indicates that the UMTS BS received signal power from the UMTS mobile with the maximum power (21 dBm) is –117.9 dBm and the effective noise floor (including 6 dB noise rise caused by other UMTS user interference) is –97 dBm.

· UMTS and GSM cell radii of 2.4 Km – In this scenario, the UMTS cell radius equals the existing GSM cell radius of 2.4 Km (assumed in the simulations). The propagation loss associated with 2.4 Km cells is 142.3 dB. Therefore, the WCDMA BS received signal strength has a 4.2 dB (=146.5 dB - 142.3 dB) headroom to overcome excessive interference from the GSM mobile. The UMTS BS received power from the UMTS UE (transmitting the maximum power) becomes –113.7 dBm (= -117.9 dBm + 4.2 dB).

3. Analytical results for GSM mobile aggressing UMTS BS

In the presence of external interference from non-WCDMA systems (e.g., GSM mobile), the WCDMA BS receiver noise floor will be raised and the uplink capacity or/and coverage will be reduced. It is shown in A.1 that when the number of CDMA users (i.e., capacity) remains the same, the CDMA BS receiver sensitivity degradation (D) (defined as the ratio of the sensitivity (S w/ ext) with external interference to the sensitivity (S w/o ext) without external interference) equals the noise rise caused by external interference, i.e.,
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(1)

where 
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is the spectral density of thermal noise, F is the BS receiver noise figure, Iext is the CDMA BS received external interference power from non-CDMA systems and W is the system bandwidth. If the cell layout is designed to the maximum propagation loss dictated by the uplink budget, the CDMA uplink cell coverage reduction ratio (
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(2)

where L denotes the maximum allowable propagation loss and ( denotes the propagation loss exponent. This equation shows that the penalty in the CDMA uplink cell coverage (or maximum propagation loss) depends only on the CDMA BS receiver noise rise, and is independent of the CDMA loading.

It is also shown in A.2 that when the receiver sensitivity and cell coverage remain the same and the cell layout is designed to the maximum propagation loss dictated by the uplink budget, the CDMA uplink capacity reduction ratio (
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) due to external interference can be determined by: 
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(3)

where Nw/ ext denotes the CDMA capacity with external interference, Nw/o ext the CDMA capacity without external interference and ( denotes the CDMA uplink loading factor. In the UMTS uplink budget and simulations, the 6 dB UMTS BS noise rise due to other user interference corresponds to a 75% loading. The above equation indicates that the penalty in CDMA uplink capacity depends on the CDMA BS loading factor and the receiver noise rise caused by external interference (e.g., from a GSM mobile). Figure 1 shows the relationship between the UMTS uplink capacity loss and the receiver noise rise (or sensitivity degradation caused by external interference) with a constant cell coverage. Figure 2 shows the relationship between the UMTS uplink cell coverage loss and the receiver noise rise with a constant capacity. It is observed that a 6 dB sensitivity degradation will cause 100% uplink capacity loss or 52% cell coverage loss. As the sensitivity degradation is 0.4 dB, the penalty will become 3% uplink capacity loss or 5% coverage loss. 
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Figure 1: UMTS uplink capacity versus the UMTS BS receiver sensitivity degradation (or noise rise)
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Figure 2: UMTS uplink cell coverage versus the UMTS BS receiver sensitivity degradation (or noise rise)

The UMTS BS sensitivity degradation (or noise rise) can be calculated based on the receiver noise floor and interfering GSM mobile power. The UMTS BS received interference power from the GSM mobile is a function of the distance of the GSM mobile and the ACIR from GSM mobile to UMTS BS. According to the TS05.05, the GSM mobile emission and noise power falling into the UMTS BS carrier band with a 2.7 MHz center frequency separation is 50 dB below the GSM signal power. If the UMTS BS receiver selectivity is 50 dB, the ACIR will be 47 dB. Figure 3 shows the UMTS BS sensitivity degradation versus the GSM mobile to UMTS BS distance for 47 dB ACIR.
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Figure 3: UMTS BS sensitivity degradation (or noise rise) versus the GSM Mobile to UMTS BS distance 

Based on Equations (2) and (3), the UMTS BS sensitivity degradation can be translated into the UMTS uplink capacity or cell coverage reduction. It is expected that the WCDMA BS received signal strength with a 2.4 Km cell radius has a 4.2 dB (=146.5 dB - 142.3 dB) more headroom than the WCDMA BS with 3.1 Km cell radius to overcome sensitivity degradation caused by the GSM mobile. Therefore, the capacity/coverage loss for 2.4 Km cells is less than that for 3.1 Km cells. Figures 4 and 5 show the UMTS uplink capacity/coverage loss versus the GSM mobile to UMTS BS distance for 3.1 Km and 2.4 Km UMTS cells, respectively. It is illustrated that if 0.4 dB sensitivity degradation (associated with 3% capacity loss or 5% coverage loss) is elected as the tolerable threshold, the radius of the dead zone is about 305 meters for 3.1 Km cells and 150 meters for 2.4 Km cells. Note that these figures assume that the GSM interference power occurs during the active slot. If the duty cycle of the GSM power is taken into account in calculating the GSM mobile interference power, the dead zone will be reduced.
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Figure 4: UMTS uplink capacity/coverage loss versus the GSM to UMTS distance for 3.1 Km UMTS cells
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Figure 5: UMTS uplink capacity/coverage loss versus the GSM to UMTS distance for 2.4 Km UMTS cells

4. Analytical model for GSM BS aggressing UMTS UE

The proposed analytical model for the GSM BS aggressing UMTS UE scenario is shown in Figure 6 and outlined below:

· The GSM base station is located at the UMTS cell coverage edge.

· An affected UMTS UE moves between its serving cell and the interfering GSM BS.

· The interfering GSM BS carrier transmits at the maximum power (40 dBm). 

· The average propagation loss follows the Macrocell propagation model defined in TR 25.941. 

Most parameters are the same as those parameters [8-10] used in the simulations to estimate the UMTS downlink capacity loss due to GSM BS interference. When the affected UMTS UE approaches the interfering GSM BS, the GSM interference increases and the desired UMTS signal reduces and there exists a point where the UMTS UE received signal energy to noise plus interference density ratio [Eb/(Nt+IGSM)] falls below the target value required to maintain adequate quality. The dead zone is defined as the region in which if the affected UMTS UE is located, causes the UMTS UE receiver sensitivity to degrade below a defined threshold.
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Figure 6: Analytical model for the impact of GSM BS on WCDMA UE

5. Analytical results for GSM BS aggressing UMTS UE

In the presence of external interference from non-WCDMA systems (e.g., GSM BS), the WCDMA UE receiver noise floor will be raised and the downlink capacity or/and coverage will be reduced. It is shown in A.3 that when the number of CDMA users (i.e., capacity) remains the same and the cell layout is designed to the maximum propagation loss, the CDMA downlink maximum propagation loss degradation (D’) (defined as the ratio of the maximum propagation loss (L’ w/o ext) without external interference to the maximum propagation loss (L’ w/ ext) with external interference) caused by external interference equals the noise rise (or sensitivity degradation), i.e.,
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(4)
where L’ denotes the downlink maximum allowable propagation loss, F’ is the CDMA UE receiver noise figure and I’ext is the CDMA UE received external interference power from non-CDMA systems. Therefore, the CDMA downlink cell coverage reduction ratio (
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(5)

This equation shows that the penalty in the CDMA downlink cell coverage (or maximum propagation loss) depends only on the CDMA UE receiver noise rise.

Figure 7 shows the relationship between the UMTS downlink cell coverage loss and the receiver noise rise (or sensitivity degradation) with a constant capacity. In [11], it is recommended that a 17 dB sensitivity degradation be used as the acceptable threshold to calculate the dead zone. It is observed from Figure 7 that the 17 dB sensitivity degradation will cause 42% cell coverage loss and such a degradation is not an appropriate number. On the other hand, a 4 dB degradation associated with 5% downlink coverage loss could be a logical choice for the tolerable threshold used to determine a dead zone.
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Figure 7: UMTS downlink cell coverage versus the UMTS UE receiver sensitivity degradation (or noise rise)

The UMTS UE sensitivity degradation (or noise rise) can be calculated based on the receiver noise floor, the UMTS UE to GSM BS distance and the ACIR from GSM BS to UMTS UE. The ACIR is dominated by the UMTS UE receiver selectivity. Figure 8 shows the UMTS UE sensitivity degradation versus the GSM BS to UMTS UE distance for a cell radius of 3.1 Km (corresponding to an inter-site distance of 4.65 Km) and various ACIRs (30, 40 and 48 dB).

Based on Equation (5), the UMTS UE sensitivity degradation can be translated into the UMTS downlink cell coverage reduction. Figure 9 shows the UMTS downlink coverage loss versus the GSM BS to UMTS UE distance for 3.1 Km UMTS cells. It is observed that if a 4 dB sensitivity degradation (associated with a 5% coverage loss) is elected as the tolerable threshold, the radius of the dead zone is about 580 meters for 30 dB ACIR and 190 meters for 48 dB ACIR. Note that these figures assume that the GSM interference power occurs during the active slot. If the duty cycle of the GSM power is taken into account in calculating the GSM mobile interference power, the dead zone will be reduced.
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Figure 8: UMTS BS sensitivity degradation (or noise rise) versus the GSM BS to UMTS UE distance 
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Figure 9: UMTS downlink coverage loss versus the GSM BS to UMTS UE distance for 3.1 Km UMTS cells

6. Summary

In this contribution, the analytical results for assessing the impact of GSM interference on UMTS1800/1900 uplink/downlink capacity or coverage are provided. It is shown that 0.4 dB UMTS BS sensitivity degradation (equal to noise rise caused by GSM mobile interference) will cause 3% uplink capacity loss or 5% coverage loss. When 0.4 dB UMTS BS sensitivity degradation is elected as the tolerable threshold, the ranges of the dead zone is about 305 meters for 3.1 Km cell radius and 150 meters for 2.4 Km cell radius. It is also shown that 4 dB UMTS UE sensitivity degradation (equal to noise rise caused by GSM BS interference) will cause 5% downlink coverage loss. When 4 dB UMTS UE sensitivity degradation is elected as the tolerable threshold, the ranges of the dead zone for 3.1 Km cell radius is about 580 meters for ACIR and 190 meters for 48 dB ACIR.
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Appendix – CDMA Uplink/Downlink Coverage or Capacity versus Noise Rise

In Section A.1, we derive the relationship between the CDMA (such as UMTS and TIA/EIA-95) uplink cell coverage loss and the BS receiver noise rise (or sensitivity degradation) caused by external interference from non-CDMA systems. In Section A.2, we solve the relationship between CDMA uplink capacity loss and the BS receiver noise rise caused by external interference. In Section A.3, we derive the relationship between the CDMA downlink cell coverage loss and the UE receiver noise rise (or sensitivity degradation) caused by external interference.

A.1  CDMA Uplink Coverage versus Noise Rise

Considering the desired signal, other user interference from the serving cell and other cells, external interference and receiver noise floor, the CDMA base station received Eb/Nt can be expressed as:
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(A.1)                 

where
Eb is the bit energy,
[image: image11.wmf]t
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is the spectral density of thermal noise plus interference, 
[image: image12.wmf]o

N

is the spectral density of thermal noise, F is the BS receiver noise figure, Iext is external interference from non-CDMA systems, S is the received signal strength, R is the bit rate, SYMBOL 97 \f "Symbol" is the voice activity factor, SYMBOL 98 \f "Symbol" is the ratio of other sector interference to serving sector interference, N is the number of mobiles in a sector, W is the system bandwidth, and g (= W/R) is the processing gain.

In order for a CDMA call to maintain target quality, the power control algorithm should ensure that the receiver achieves the minimum Eb/Nt requirement:
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(A.2)

Equation (A.1) can be rewritten to explicitly indicate the number of mobile calls N:
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(A.3)

In the above equation, the finite limit on capacity can be conveniently reached by letting the signal-to-cell-site noise ratio go to infinity (i.e., by letting the received signal power become unbounded with respect to the cell site noise).  This capacity is called the pole point, Nmax, and represents a theoretical maximum that cannot be reached but serves as a useful reference point for the reverse link.
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(A.4)

Therefore, the receiver sensitivity (i.e., the minimum desired signal strength) can be obtained by substituting Equation (A.4) into Equation (A.3):
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(A.5)

where ( = N/Nmax is the uplink loading factor. When the number of CDMA UEs (i.e., capacity) remains the same with and without external interference, the sensitivity degradation (D) (defined as the ratio of the CDMA BS receiver sensitivity (S w/ ext) with external interference to the sensitivity (S w/o ext) without external interference) is given by:
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(A.6)

It is observed that the sensitivity degradation equals the noise rise caused by the external interference, regardless of the CDMA loading. From the link budget point of view, the maximum allowable propagation loss (L) between a CDMA UE and the serving BS can be determined by:
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(A.7)

where PCDMA_UE denotes the CDMA UE transmit power at the antenna connector, GCDMA_BS denotes the CDMA BS antenna minus cable loss, GCDMA_UE denotes the CDMA UE antenna, Mfade denotes the log-normal fade margin and Ghandoff denotes the soft handoff gain. It follows that with external interference (e.g., GSM), the CDMA uplink cell coverage reduction ratio (
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) can be expressed by:
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where ( denotes the propagation loss exponent. This equation shows that the penalty in the CDMA uplink cell coverage (or maximum propagation loss) depends only on the CDMA BS receiver noise rise caused by external interference, and is independent of the CDMA loading.
Appendix 2 – CDMA Uplink Capacity Loss versus Noise Rise

Equations (A.5) and (A.7) indicate that when the receiver sensitivity and cell coverage remain the same, the relationship between the CDMA capacity (Nw/ ext) with external interference and the capacity (Nw/o ext) without external interference is given by:
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Rearranging the above equation, we obtain that the CDMA uplink capacity reduction ratio (
[image: image22.wmf]cap

R

) due to external interference (e.g., GSM):
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The equation indicates that the penalty in CDMA uplink capacity depends on the CDMA BS loading factor and the receiver noise rise caused by external interference. 

A.3  CDMA Downlink Coverage versus Noise Rise

Considering the desired signal, other user interference from the serving cell and other cells, external interference and receiver noise floor, the received Eb/Nt at a CDMA UE at the cell edge can be expressed as:
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where PBS denotes the CDMA BS total transmit power at the antenna connector, PBST denotes the CDMA BS traffic channel transmit power at the antenna connector, GBS denotes the CDMA BS antenna minus cable loss, GUE denotes the CDMA UE antenna, SYMBOL 97 \f "Symbol"’ is the downlink voice activity factor, M’fade denotes the downlink log-normal fade margin minus soft handoff gain, L’ is the downlink maximum allowable propagation loss, F’ is the BS receiver noise figure, I’ext is the CDMA UE received external interference from non-CDMA systems, Forth is the orthogonality factor for other channels from the serving sector and SYMBOL 98 \f "Symbol"’ is the ratio of other sector interference to serving sector interference on the downlink.


Rearranging the above equation, we can solve for the CDMA dwonlink maximum propagation loss with external interference:
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When the number of CDMA users (i.e., capacity) remains the same and if the cell layout is designed to the maximum propagation loss, the CDMA downlink maximum propagation loss degradation (D’) (defined as the ratio of the maximum propagation loss (L’ w/o ext) without external interference to the maximum propagation loss (L’ w/ ext) with external interference) equals the noise rise caused by external interference (or sensitivity degradation), i.e.,
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