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1 Introduction

3GPP RAN WG4 is currently specifying a new base station class for 3G Home NodeBs (HNB). According to objective 1 of the WID [1], the task is to update the radio requirements in TS 25.104, where appropriate.
This paper analyses the impact of ACLR for co-existence scenarios, where the HNBs have been deployed on a carrier that has a +/- 10 MHz offset with respect to the overlaying macro cells. The assumed modeling considers both the impact of HNB out of band emissions and macro UE (MUE) receiver blocking on the MUE downlink performance.

2 Current RF requirements
2.1 UE receiver blocking

For UE receiver blocking at +/- 10 MHz offset, [2] specifies a minimum requirement that the UE sensitivity shall not be reduced more than 3 dB, when the interference power is equal to -56 dBm. Assuming UE noise figure of 9 dB, this would correspond to an attenuation (“ACS2”) of approximately 43 dB.

Considering also the minimum requirement for the receiver intermodulation [2], it is highly probable that the UE will fulfill the receiver blocking requirement with a clear margin. Therefore, it is assumed in this paper that the 3 dB UE receiver desensitization is reached with an interference power of -48 dBm, which corresponds to an “ACS2” equal to 51 dB.

Furthermore, it is likely that the UE receiver will be functional even with a higher interference power. In this paper it has been assumed that the highest interference power (at +/- 10 MHz offset) that the UE receiver can tolerate is equal to -40 dBm (leading to a receiver desensitization of 8.8 dB). If the received interference power is higher, the UE is assumed to go into compression resulting in a dropped call (HSDPA bit rate is set to zero).
2.2 Base station ACLR
The minimum requirement in [3] states that the base station ACLR at +/- 10 MHz offset from the carrier frequency shall be at least equal to 50 dBc. This value has also been assumed in this paper.

3 Scenario and assumptions
The simulations assume the same macro cell and HNB models as in [4]. Furthermore, a 5 dB wall loss between apartments has been assumed. The only differences compared to [4] are the assumed ACIR value and the modeling of UE compression.

The UE “ACS2” is assumed to be equal to 51 dB, and the UE is assumed to go into compression with received interference levels larger than -40 dBm. The base station ACLR2 is assumed to be equal to 50 dB. Hence, with these values the ACIR2 becomes equal to 47.5 dB. However, during the simulations it is assumed that ACIR2 is equal to 48 dB.

In order to study the impact of improved ACLR2, the simulations are also run for ACIR2 equal to 50 dB, which would be reached with base station ACLR2 equal to 56.9 dB
4 Simulation results for small macro cells
In this chapter, the impact of HNB out of band emissions (+/- 10 MHz) on macro cell downlink performance is studied within small macro cells (3GPP Case 1).
4.1 ACIR2 = 48 dB
Simulation results for macro cell P-CPICH coverage probability (Ec/I0 > -18 dB) are shown in Figure 1 to Figure 3 for the assumed levels of HNB deployment density (10%, 25%, 33%, 50%, 100%). The corresponding P-CPICH coverage probability in a scenario without any HNBs is included as a reference.

As can be noticed, the macro cell coverage is reduced with higher HNB HSPA utilization and higher HNB density. The results demonstrate also a clear reduction in macro cell coverage with PHNBmax larger than 10 dBm. The main reason for this is the assumed UE compression with received adjacent channel interference power larger than -40 dBm. What is also important to notice is that this coverage reduction happens already with low levels of HNB HSPA utilization and HNB deployment density.
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Figure 1. P-CPICH coverage probability for 10% and 25% HNB deployment densities.
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Figure 2. P-CPICH coverage probability for 33% and 50% HNB deployment densities.
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Figure 3. P-CPICH coverage probability for 100% HNB deployment density.
Simulation results for the average macro cell HSDPA bit rates are shown in Figure 4 to Figure 6 for the assumed HNB deployment densities (10%, 25%, 33%, 50% 100%). The relative bit rates are calculated with respect to the scenario without HNBs.

The results for macro cell capacity look quite similar to the coverage results. Again, with PHNBmax larger than 10 dBm, the co-existence performance is limited by the UE compression instead of HNB out of band emissions.
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Figure 4. Relative average HSDPA bit rate for 10% and 25% HNB deployment densities.
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Figure 5. Relative average HSDPA bit rate for 33% and 50% HNB deployment densities.
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Figure 6. Relative average HSDPA bit rate for 100% HNB deployment density.
4.2 ACIR2 = 50 dB
Simulation results for macro cell P-CPICH coverage probability (Ec/I0 > -18 dB) are shown in Figure 7 to Figure 9 for the assumed levels of HNB deployment density. The corresponding P-CPICH coverage probability in a scenario without any HNBs is included as a reference.
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Figure 7. P-CPICH coverage probability for 10% and 25% HNB deployment densities.
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Figure 8. P-CPICH coverage probability for 33% and 50% HNB deployment densities.
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Figure 9. P-CPICH coverage probability for 100% HNB deployment density.

Simulation results for the average macro cell HSDPA bit rates are shown in Figure 10 to Figure 12 for the assumed HNB deployment densities. The relative bit rates are calculated with respect to the scenario without HNBs.
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Figure 10. Relative average HSDPA bit rate for 10% and 25% HNB deployment densities.
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Figure 11. Relative average HSDPA bit rate for 33% and 50% HNB deployment densities.
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Figure 12. Relative average HSDPA bit rate for 100% HNB deployment density.
The results for both macro cell coverage and capacity are by no means surprising. Since the co-existence scenario for PHNBmax larger than 10 dBm is limited by UE compression, improving the ACIR does not help. Furthermore, also for scenarios with PHNBmax less or equal to 10 dBm, the increased ACIR does not give any noticeable improvement in co-existence performance. In fact, with PHNBmax less or equal to 10 dBm, the performance appears to be acceptable already with ACIR2 equal to 48 dB for all reasonable levels of HSPA utilization and HNB density.
5 Simulation results for large macro cells
In this section, the impact of HNB out of band emissions (+/- 10 MHz) on macro cell downlink performance is studied within large macro cells (3GPP Case 3).

5.1 ACIR2 = 48 dB
Simulation results for macro cell P-CPICH coverage probability (Ec/I0 > -18 dB) are shown in Figure 13 to Figure 15 for the assumed levels of HNB deployment density (10%, 25%, 33%, 50%, 100%). The corresponding P-CPICH coverage probability in a scenario without any HNBs is included as a reference.

In general, one could expect that in large cells the HNB out of band emissions would have a bigger role in co-existence performance compared to small cells. Looking at the simulation results this seems to be the case, but still the UE compression appears to be the main cause of reduced coverage (and capacity) with PHNBmax larger than 10 dBm. However, considering the findings in [4], PHNBmax might typically not exceed 5 dBm considering HNB deployments in large macro cells. If that would be the case, the co-existence performance for +/- 10 MHz offset becomes acceptable.
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Figure 13. P-CPICH coverage probability for 10% and 25% HNB deployment densities.
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Figure 14. P-CPICH coverage probability for 33% and 50% HNB deployment densities.
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Figure 15. P-CPICH coverage probability for 100% HNB deployment density.
Simulation results for the average macro cell HSDPA bit rates are shown in Figure 16 to Figure 18 for the assumed HNB deployment densities (10%, 25%, 33%, 50% 100%). The relative bit rates are calculated with respect to the scenario without HNBs.
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Figure 16. Relative average HSDPA bit rate for 10% and 25% HNB deployment densities.
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Figure 17. Relative average HSDPA bit rate for 33% and 50% HNB deployment densities.
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Figure 18. Relative average HSDPA bit rate for 100% HNB deployment density.
5.2 ACIR2 = 50 dB
Simulation results for macro cell P-CPICH coverage probability (Ec/I0 > -18 dB) are shown in Figure 19 to Figure 21 for the assumed levels of HNB deployment density. The corresponding P-CPICH coverage probability in a scenario without any HNBs is included as a reference.

As can be noticed, the increased ACIR2 slightly improves the co-existence performance. However, the gains for PHNBmax less or equal to 5 dBm are not really large enough that they would justify the effort to increase the base station ACLR2 from 50 dBc to 57 dBc.
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Figure 19. P-CPICH coverage probability for 10% and 25% HNB deployment densities.
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Figure 20. P-CPICH coverage probability for 33% and 50% HNB deployment densities.
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Figure 21. P-CPICH coverage probability for 100% HNB deployment density.
Simulation results for the average macro cell HSDPA bit rates are shown in Figure 22 to Figure 24 for the assumed HNB deployment densities. The relative bit rates are calculated with respect to the scenario without HNBs.
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Figure 22. Relative average HSDPA bit rate for 10% and 25% HNB deployment densities.
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Figure 23. Relative average HSDPA bit rate for 33% and 50% HNB deployment densities.
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Figure 24. Relative average HSDPA bit rate for 100% HNB deployment density.
6 Conclusions

The results in this paper indicate that in small cells the adjacent channel (+/- 10 MHz) co-existence is limited by the UE compression, and hence a larger base station ACLR2 would not really help to improve the performance. Similar to the +/- 5 MHz scenario, the practical solution would be to limit the HNB output power. Assuming that the performance for +/- 10 MHz offset should be at least similar to the performance for +/- 5MHz offset, or better, the results would suggest a PHNBmax value equal to 10 dBm. However, considering that the simulations assumed a slightly too pessimistic model for the HNB output power distribution, and a fairly low wall attenuation, PHNBmax somewhere in between 10…15 dBm might be more appropriate in particular for HNBs that support measurement-based power adjustment algorithm. Hence, a similar finding as for the +/- 5 MHz frequency offset.
In large cells, the HNB out of band emissions have a larger impact, and hence a better HNB ACLR2 would improve the downlink performance of macro mobiles. However, the gains are still not that remarkable, at least compared to the gains achieved by limiting the HNB transmission power. Furthermore, the results in [4] suggested that in order to achieve a reasonable co-existence with +/- 5 MHz offset in large macro cells, PHNBmax should not exceed 0…5 dBm. For such low PHNBmax levels, the current ACLR2 of 50 dBc seems to give an acceptable performance.

As a summary, the results shown in this paper, as well as the results in [4] suggest that in order to limit the HNB out of band emissions to an acceptable level, the maximum HNB output power (measured as the sum over all Tx antenna ports) should be limited to 10 dBm for HNBs that do not support a measurement-based power adjustment algorithm. For HNBs that support a measurement-based power adjustment algorithm, the limit could be a bit higher, possibly around 13 dBm. Furthermore, the results in this paper suggest that it is acceptable to keep the current base station ACLR2 requirement (50 dBc) also for HNBs.
It is assumed in this paper that the ACLR2 requirement is valid also for lower values of PHNBmax, or at least down to 0 dBm. However, it should be studied if an approach similar to the UE emission requirements [2] could be adopted also for HNB. Hence, a combination of a relative (ACLR2 = 50 dBc) and an absolute requirement. The applicability of such approach for HNBs and an appropriate value for the absolute emission limit is TBD.
7 References

[1] RP-080234, “RAN4 work item description “FDD Home NodeB RF requirements”, source: Motorola.
[2] 3GPP TS 25.101, “User Equipment (UE) radio transmission and reception (FDD)”, v8.1.0.
[3] 3GPP TS 25.104, “Base Station (BS) radio transmission and reception (FDD)”, v8.1.0.

[4] R4-080939, “Downlink co-existence between macro cells and adjacent channel Home NodeBs”, source: Ericsson.















