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1. Introduction

The intent of this contribution is to facilitate the decision on the receiver narrowband blocking and intermodulation requirements for the UMTS1800/1900 User Equipment (UE). In response to the work items in [1] and the suggested RF performance changes in [2], this document proposes the UMTS1800/1900 receiver narrowband specifications for TS 25.101.

When the UMTS system operating in Band II (1900 MHz) and Band III (1800 MHz), a narrowband system (such as GSM) or IS-95 system in the adjacent block (or adjacent frequency) could cause the UMTS receiver blocking and intermodulation products. Therefore, it is important that the UMTS system should have appropriate receiver characteristics to protect its receiver from adjacent interfering signals. Since using the Minimum Coupling Loss (MCL) to determine the interfering signal level generates a too conservative requirement, the interfering signal level should be determined based on the statistics of the UMTS UE received power from the GSM/IS-95 Base Station (BS).

2. Narrowband Blocking

2.1  Interfering signal level

It is desirable to derive the statistics of the GSM BS power received by the UMTS UE from filed test data. Since the measurement data are not available, we resort to simulation results. Once the statistics are obtained from simulations, we can access the occurrences of various GSM power levels and choose a proper large power as the interfering signal level for the UMTS UE receiver narrowband blocking specification. As proposed in [3], the 99.99th percentile of the simulated power histogram is selected as the interfering signal level for the existing TS 25.104 receiver blocking requirement. Here, the same approach will be adopted to derive the interfering power level.

In order to analyse the impact of GSM BS interference on the UMTS FDD downlink capacity, the simulation methodology and assumptions specified in TR 25.942 [4], [5], [6] and [7] have been employed to perform simulations. The simulated cell layout is a cell cluster that consists of 36 UMTS and 36 GSM base stations with the 3-sector antenna configuration and wrap around technique. The cell radii for both UMTS and GSM cells are 2.4 Km. The frequency reuse factor employed by the GSM is 4/12. Here, we consider the worst intersite shifting case in which the GSM base stations are located at the edge of the UMTS cell coverage.

In obtaining the simulation results for the GSM BS power received at the UMTS UE, interference from the UMTS system to the GSM system is not considered. It is assumed that one carrier is active per GSM sector. Each GSM carrier is fully loaded and a power control margin is 5 dB. In a typical GSM channel assignment, it is preferable that the BCCH is placed close to the center of a frequency block (instead of the band edge) to prevent mutual interference. Therefore, the GSM power control is taken into account for simulations.

Figure 1 shows the Cumulative Distribution Function (CDF) of the interfering GSM BS signal power received by the UMTS UE and Figure 2 provides an expanded version of the CDF. Note that the GSM BS power received at the UMTS power is averaged over 8 time slots for one carrier. The simulation results indicate that the probability of a UMTS received power greater than –49 dBm is 0.0001. This most likely maximum power level is less stringent than the worst-case value,  -30 dBm, which is calculated by considering the maximum GSM BS power (40 dBm) and the MCL (70 dB). It is proposed that the interfering power level be –49 dBm and the interfering signal type be a CW carrier.  
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Figure 1: CDF of the UMTS UE received power from the GSM BS
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Figure 2: CDF (expanded version) of the UMTS UE received power from the GSM BS

It was recommended in [1] that the closest frequency offset of the interfering signal for the narrowband blocking specification be 2.7 MHz from the WCDMA center frequency with 100 KHz raster offset. The UMTS 1800/1900 ad hoc group also agreed to consider the 2.7 MHz frequency separation when analyzing the effect of mutual interference between the UMTS and GSM systems. As a result, the minimum offsets of 2.7 MHz for Band II and 2.8 MHz for Band III are suggested. 

2.2  Wanted signal level

Typically, the wanted signal level is at least 3 dB above the reference receiver sensitivity. A 3dB sensitivity degradation implies that the adjacent GSM BS power minus the Adjacent Channel Interference Ratio (ACIR) equals the UMTS receiver noise floor. Note that for a UMTS UE receiver, the ACIR is a function of the UMTS UE receiver selectivity and the GSM BS transmitter emission and wide band noise power. 

According to the TS05.05, the GSM BS emission and noise power interference power falling into the UMTS UE carrier band with a 2.7 MHz center frequency separation is 60 dB below the GSM signal power. When the interfering GSM signal level is –49 dBm, the GSM emission power received by the UMTS UE will raise the UMTS receiver noise floor by only 0.3 dB. It is expected that the noise of most high quality signal generators with a CW carrier do not cause a significant blocking measurement error. With these facts, 3dB above the reference sensitivity is proposed for the wanted signal level. The 3dB sensitivity degradation together with the –49 dBm interfering signal level corresponds to a 48 dB receiver selectivity. It is also recommended that the UE receiver selectivity be decided by considering the trade-off between UMTS performance degradation and design complexity (e.g., current consumption and size).

2.3  Simulation results

In this section, we provide the simulation results for the UMTS downlink performance degradation caused by GSM BS interference, given an ACIR value. The simulation results that were developed by different companies to study UMTS capacity loss for various co-existence cases are summarised in [8] and include the case in which GSM BS is interfering with the UMTS1800/1900 UE. Figures 2 and 3 show UMTS downlink capacity loss (due to GSM interference) versus ACIR for omni and 3-sector antenna configurations, respectively. In these figures, the small cell has a cell radius of 577 meters while the large cell has a cell radius of 2.4 Km. The simulation results are generated by assuming one active carrier per base station. If the number of fully loaded GSM carriers per sector for the 3-sector configuration increases from 1 to 6 (assuming that the GSM system operates in a 15 MHz downlink/15 MHz uplink block), then the curve of UMTS downlink capacity loss will shift to the right by 0.5 dB due to the frequency reuse pattern of 4/12 and the ACIR slope of 0.8 dB/200 kHz. It can be projected that the UMTS downlink capacity loss associated with 48 dB ACIR is less than 1%.

In order to estimate the UMTS downlink capacity loss due to the IS-95 BS operating in the adjacent block, simulations have been performed by using the agreed simulation methodology and parameters provided in [9] for the UMTS/IS-95 co-existence scenario. Figure 5 provides the complied UMTS downlink capacity loss versus ACIR for the 3-sector antenna configuration. 

According to the FCC emission limits, when the WCDMA and IS-95 systems operate in the adjacent blocks and the center frequency separation between the UMTS and IS-95 carriers is 3.75 MHz, the IS-95 BS out-of-block emission power falling into the WCDMA carrier shall be less than –40 dBc. With a WCDMA UE selectivity of 48 dB, the ACIR will be dictated by the IS-95 BS out-of-block emissions and equal 39.4 dB. This implies that the minimum UMTS downlink capacity loss that can be achieved is about 1-2% for the two systems operating in adjacent blocks. If the ACIR is 30 dB, then the UMTS downlink capacity loss caused by the IS-95 BS interference will be 4-8%.
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Figure 3: UMTS (omni) downlink capacity loss versus ACIR with GSM interference
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Figure 4: UMTS (3-sector) downlink capacity loss versus ACIR with GSM interference
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Figure 5: UMTS (3-sector) downlink capacity loss versus ACIR with IS-95 interference

2.4 Analytical results

In addition to the above simulation results, we provide more insight into the impact of GSM BS interference on the UMTS UE performance by examining the analytical results for the dead zone study. As recommended in TIA/EIA TSB-84A [10], the analytical model under consideration (shown in Figure 6) is:

· 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. 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).
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Figure 6: Analytical model for the impact of GSM BS on WCDMA UE

Most parameters are the same as those 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. As a result, there exists a point where the UMTS UE received energy to noise density ratio [Eb/(Nt+IGSM)] falls below the target value (7.9 dB) required to maintain acceptable quality. The dead zone (i.e., coverage hole) is defined as the region where the received UMTS UE received Eb/(Nt+IGSM) is below 7.4 dB (similar to the outage definition for the simulations).

The maximum allowable propagation loss and cell radius supported by the UMTS 8 kbps speech system can be determined by using the uplink budget. The link budget based on the parameters given by the 3GPP TR 25.942 indicates 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. Here, we consider that the affected UMTS UE is located at the serving UMTS cell edge and investigate the UMTS UE received Eb/Nt degradation due to the GSM BS signal power and UMTS UE ACIR for two scenarios: 

· UMTS cell radius of 3.1 Km – In this scenario for the green field RF planning (i.e., without 1-to-1 overlaying on the existing GSM network), 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 UMTS BS transmits at the maximum power (30 dBm) for the affected UE at the cell edge to maintain the UE Eb/Nt requirement. Taking into account 146.5 dB maximum path loss, 14 dBi UMTS BS antenna gain, 0 dBi UE antenna gain, 11.4 dB fade margin (associated with 10 dB log-normal standard deviation and 95% reliability) and 5 dB handoff gain, we obtain the UMTS UE received signal power which is –108.9 dBm (= 30  dBm+14 dBi-146.5 dB+0 dBi-11.4 dB+5 dB). Given this UE received signal power, 7.9 dB UE Eb/Nt requirement and 26.8 dB processing gain, the UE effective noise floor (including other UMTS BS interference) can be calculated as –90 dBm (= -108.9dBm +26.8 dB – 7.9 dB). Since the UMTS UE receiver noise floor is –97 dBm, the UE received other UMTS BS interference is –91 dBm.

· UMTS cell radius of 2.4 Km – In this scenario where the UMTS is 1-to-1 overlaid on the existing GSM network, 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. The UMTS UE received power from the serving BS (transmitting the maximum power) becomes –104.7 dBm (= -108.9 dBm+146.5 dB-142.3 dB). The UE received other UMTS BS interference also increases by 4.2 dB and becomes –86.8 dBm. 

The UMTS UE received Eb/(Nt+IGSM) can be calculated based on the wanted UMTS signal power, interfering GSM signal power, ACIR and effective noise floor. Note that the UMTS UE received power from the GSM BS is a function of the distance between the GSM BS and the UMTS UE. Figures 7 and 8 show the UMTS UE received Eb/(Nt+IGSM) versus the distance between the GSM BS and the UMTS UE as a function of ACIR for 3.1 Km UMTS cells and 2.4 Km cells, respectively. It is observed that with the proposed 48 dB ACIR, the radius of the dead zone is about 180 meters for 3.1 Km cells or 130 meters for 2.4 Km cells. Note that these figures assume that the GSM interference power occurs during the active slot. When the ACIR is 30 dB, the radius of the dead zone is about 430 meters for 3.1 Km cells or 340 meters for 2.4 Km cells. If the duty cycle of the GSM power is taken into account in calculating the GSM BS interference power, the dead zone will be reduced.
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Figure 7: UMTS uplink Eb/(Nt+IGSM) versus the GSM to UMTS Distance for 3.1 Km UMTS cells
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Figure 8: UMTS uplink Eb/(Nt+IGSM) versus the GSM to UMTS Distance for 2.4 Km UMTS cells

3. Narrowband Intermodulation

3.1  Interfering signal level 

It is reasonable that the narrowband intermodulation requirement uses an interfering signal level comparable to the narrowband blocking test. The interfering signal level of –49 dBm for the blocking test is derived from the statistics of a GSM signal power with power control. However, one of interfering GSM BS carriers causing UMTS receiver intermodulation is BCCH that always transmits at the maximum power. Therefore, an interfering signal level of –47 dBm is proposed for two interfering signals.

In the presence of two adjacent block interfering signals, the affected receiver will receive interference power from individual signal attenuated by the receiver selectivity and produce intermodulation at the same time. In order to prevent receiver blocking from affecting the accuracy of the receiver intermodulation test, the frequency offsets for the two interfering signals should be greater than 2.7 MHz used in the receiver blocking test. It is recommended that the frequency offset of the first interfering signal (CW signal) for the narrowband intermodulation specification be 3.5 MHz from the affected WCDMA center frequency for Band II and 3.6 MHz for Band III. Taking into account the typical GSM frequency reuse pattern of 4/12, the second interfering signal (GSM modulated carrier) should be 5.9 MHz for Band II from the WCDMA center frequency and 6.0 MHz for Band III.

3.2  Wanted signal level

It is suggested that the wanted signal level for the narrrowband intermodulation charateristics be 3dB above the reference receiver sensitivity (-115 dBm). This 3dB sensitivity degradation together with the –47 dBm interfering signal level corresponds to a Third Order Intercept (TOI) of –22 dBm that is identical to the proposal (–44 dBm interfering signal level and 10 dB sensitivity degradation) in [12].

In the following, we provide the analytical results for the UMTS downlink performance degradation due to the UMTS receiver InterModulation Distortion (IMD) caused by two GSM BS signals, given a TOI value. The analytical model considered here is identical to the analytical model used for narrowband blocking in Section 2.4 except that the two interfering GSM BS signals are received by the affected UMTS UE at the same power level. The UMTS UE received Eb/(Nt+IMD) can be calculated based on the wanted UMTS signal power, interfering GSM signal power, TOI and receiver noise floor. Figures 9 and 10 show the UMTS BS received Eb/(Nt+IMD) versus the distance between the GSM BS and the UMTS UE as a function of TOI for 3.1 UMTS cells and 2.4 Km cells, respectively. It is observed that with the -22 dBm TOI, the radius of the dead zone is about 95 meters for 3.1 Km cells or 87 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 UMTS UE receiver IMP power, the dead zone will be reduced.
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Figure 9: UMTS uplink Eb/(Nt+IMD) versus the GSM to UMTS Distance for 3.1 Km UMTS cells
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Figure 10: UMTS uplink Eb/(Nt+IMD) versus the GSM to UMTS Distance for 2.4 Km UMTS cells

4. Proposed Text
7.6.3
Minimum requirement (Narrowband) 

The BER shall not exceed 0.001 for the parameters specified in Table 7.x.x.  This requirement is a measure of a receiver’s ability to receive a W-CDMA signal at its assigned channel frequency in the presence of an unwanted narrowband interferer at a frequency, which is less than the nominal channel spacing.

Table 7.x.x: Narrowband blocking characteristics

Parameter
Unit
Band II 
Band III

DPCH_Ec
dBm/3.84 MHz
<REFSENS>+3 dB
<REFSENS>+3 dB

Îor
dBm/3.84 MHz
<REFÎor>+3 dB
<REFÎor>+3 dB

Iouw(CW)
dBm
-49
-49

Fuw (offset) 
MHz
2.7
2.8

For Power class 3 the UE shall be transmitting continuously at an average power of +20 dBm. For Power class 4 the UE shall be transmitting continuously at an average power of +18 dBm

7.8.2 Minimum requirement (Narrowband)

The BER shall not exceed 0.001 for the parameters specified in Table 7.9.

Table 7.9: Receive intermodulation characteristics

Parameter
Unit
Band II
Band III

DPCH_Ec
dBm/3.84 MHz
<REFSENS>+3 dB
<REFSENS>+3 dB

Îor
dBm/3.84 MHz
<REFÎor> + 3 dB
<REFÎor> + 3 dB

Iouw1 (CW)
dBm
-47
-47

Iouw2 (GSM Modulated Carrier)
dBm
-47
-47

Fuw1 (offset)
MHz
+3.5
-3.5
+3.6
-3.6

Fuw2 (offset)
MHz
+5.9
-5.9
+6.0
-6.0

For Power class 3 the UE shall transmit continuously at an average power of +20 dBm

For Power class 4 the UE shall transmit continuously at an average power of +18 dBm

5. Summary

In this contribution, the proposals for the UMTS UE receiver narrowband blocking and intermodulation specifications are provided. For both requirements, the interfering signal levels are recommended based on the histogram of narrowband interferer power received at the UMTS UE.
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