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1 Introduction

3GPP RAN WG4 is currently performing a study on a new base station class called Home NodeB (HNB). One of the main topics of the study is the maximum HNB output power, and the resulting downlink interference towards overlaying networks, as well as towards other HNBs.
This paper studies the impact of downlink interference from HNBs towards close-by macro UEs (MUE). This topic has already been discussed in various contributions, e.g. in [1], but there the focus has been on low or medium levels of HNB density. This paper, however, discusses a dense deployment scenario with multiple HNBs concentrated within the same building. 
The overall downlink co-existence scenario between macro cell and HNB is presented in Figure 1. In general, due to access control and adjacent channel interference, an active (closed subscriber group) HNB will always generate a downlink coverage hole for the close-by MUEs. The size of the coverage hole will depend on the output power, density and utilization of the HNBs, frequency allocation and the strength of the macro cell at the location of the HNB. Similarly, the size of the HNB coverage area will depend on the same factors. It will be quite straightforward to notice that there is a clear trade-off between the HNB coverage (discussed in [2]) and interference towards overlaying macro cell (discussed in this paper).
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Figure 1. Downlink co-existence scenario between HNB and macro UE.
In the worst case scenario, the HNB is sharing a macro carrier (intra-operator co-existence), but is at the same time adjacent to a macro carrier belonging to another operator (inter-operator co-existence). It can well happen that at the location of the HNB, the macro cell of the “own” operator is strong, calling also for a high PHNBmax to secure home cell coverage. At the same time, the macro cell of the neighboring operator can be weak, assuming that the operators are not sharing towers and antennas within the macro network. A high PHNBmax, optimized to give good HNB performance, could possibly generate considerable downlink coverage problems for the neighboring operator. Hence, an ideal approach even for co-channel deployments would be to consider also the impacts towards adjacent carriers (own or other operator) when defining an appropriate level for the PHNBmax.
2 Scenario and Assumptions
The simulation methodology and assumptions are described in detail in [3]. Hence, the simulations are performed for three different locations within the macro cell:
· Location A (“close to macro site, best 10th percentile”)
P-CPICH RSCPindoor = -60 dBm, RSSIindoor = -50.8 dBm, P-CPICH Ec/I0 = -9.2 dB
· Location B (“middle of macro cell, median”)
P-CPICH RSCPindoor = -73.5 dBm, RSSIindoor = -63.0 dBm, P-CPICH Ec/I0 = -10.5 dB
· Location C (“close to cell border, worst 10th percentile”)
P-CPICH RSCPindoor = -84 dBm, RSSIindoor = -71.8 dBm, P-CPICH Ec/I0 = -12.2 dB 

Furthermore, the macro UE statistics are shown separately for:
· Macro UEs which are located within an apartment with a HNB.

· Macro UEs which are located within an apartment without a HNB.

· Macro UEs which are located outside the simulated building.

Finally, the simulations assume two different HNB deployment probabilities, 33% and 100%, and for each of them, three different HSPA utilization levels: 10%, 50% and 100%. As an example, deployment probability equal to 33% and HSPA utilization equal to 50% corresponds to a scenario, where in average every third of the 6*25 apartments has a HNB, and in average half of them are scheduling a HSDPA user at the same time, while the rest are transmitting only the common control channels. 

3 Simulation Results for Adjacent Channel Scenario
In adjacent channel scenario the HNBs are operating on an adjacent channel (+/- 5 MHz) compared to the overlaying macro cell. This scenario corresponds to worst case intra-operator inter-frequency, and inter-operator co-existence.
3.1 Location A (“close to macro site”)
The simulation results (P-CPICH coverage, average HSDPA bit rate) for the macro UEs located within apartments with HNBs, within apartments without HNBs and outside the simulated building are shown in Figure 2, Figure 3 and Figure 4, respectively. The relative average HSDPA bit rate is calculated with respect to the average HSDPA bit rate without any HNBs.
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Figure 2. MUE performance within apartments with a HNB.
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Figure 3. MUE performance within apartments without a HNB.
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Figure 4. MUE performance outside the building.
3.2 Location B (“middle of the macro cell”)
The simulation results (P-CPICH coverage, average HSDPA bit rate) for the macro UEs located within apartments with HNBs, within apartments without HNBs and outside the simulated building are shown in Figure 5, Figure 6 and Figure 7, respectively.
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Figure 5. MUE performance within apartments with a HNB.
[image: image10.emf]0 5 10 15 20

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

Maximum HNB Power [dBm]

P-CPICH Outage Probability [%]

Apartments without a HNB

 

 

D=33%, U=10%

D=33%, U=50%

D=33%, U=100%

 [image: image11.emf]0 5 10 15 20

0.955

0.96

0.965

0.97

0.975

0.98

0.985

0.99

0.995

1

Maximum HNB Power [dBm]

Relative Average HSDPA Bit Rate

Apartments without a HNB

 

 

D=33%, U=10%

D=33%, U=50%

D=33%, U=100%


Figure 6. MUE performance within apartments without a HNB.
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Figure 7. MUE performance outside the building.
3.3 Location C (“close to cell border”)

The simulation results (P-CPICH coverage, average HSDPA bit rate) for the macro UEs located within apartments with HNBs, within apartments without HNBs and outside the simulated building are shown in Figure 8, Figure 9 and Figure 10, respectively.
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Figure 8. MUE performance within apartments with a HNB.
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Figure 9. MUE performance within apartments without a HNB.
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Figure 10. MUE performance outside the building.
4 Simulation Results for Co-Channel Scenario

In co-channel scenario the HNBs are operating on one of the carriers used also on the overlaying macro cell. This scenario corresponds to intra-operator intra-frequency case.
4.1 Location A (“close to a macro site”)

The simulation results (P-CPICH coverage, average HSDPA bit rate) for the macro UEs located within apartments with HNBs, within apartments without HNBs and outside the simulated building are shown in Figure 11, Figure 12 and Figure 13, respectively. The relative average HSDPA bit rate is calculated with respect to the average HSDPA bit rate without any HNBs.
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Figure 11. MUE performance within apartments with a HNB.
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Figure 12. MUE performance within apartments without a HNB.
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Figure 13. MUE performance outside the building.
Assuming the 33%/50% case and PHNBmax equal to 16 dBm, 95% area coverage probability is obtained within 5 m radius from the HNB [2]. Looking at Figure 11-13, this would result in 57% P-CPICH outage probability within the apartment with HNB, 7% P-CPICH outage probability within an apartment without HNB and full P-CPICH coverage outside the building. Assuming PHNBmax equal to 15 dBm, outage probability drops to 54% within the HNB apartment, and to 5% within the neighboring apartment. In all, an acceptable compromise between the HNB coverage and MUE performance loss.
4.2 Location B (“middle of the macro cell”)

The simulation results (P-CPICH coverage, average HSDPA bit rate) for the macro UEs located within apartments with HNBs, within apartments without HNBs and outside the simulated building are shown in Figure 14, Figure 15 and Figure 16, respectively.
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Figure 14. MUE performance within apartments with a HNB.
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Figure 15. MUE performance within apartments without a HNB.
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Figure 16. MUE performance outside the building.
Assuming PHNBmax equal to 2.5 dBm for 33%/50% case [2] results in roughly similar MUE performance compared to ‘location A’ with PHNBmax equal to 16 dBm. Hence, the P-CPICH coverage is quite poor (60% outage probability) within an apartment with HNB, good (10% outage probability) within the neighboring apartments, and excellent (0% outage probability) outside the building. Again, a fairly acceptable compromise between the HNB coverage and MUE performance loss.

4.3 Location C (“close to macro cell border”)

The simulation results (P-CPICH coverage, average HSDPA bit rate) for the macro UEs located within apartments with HNBs, within apartments without HNBs and outside the simulated building are shown in Figure 17, Figure 18 and Figure 19, respectively.
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Figure 17. MUE performance within apartments with a HNB
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Figure 18. MUE performance within apartments without a HNB
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Figure 19. MUE performance outside the building
Assuming PHNBmax equal to -6.5 dBm for the 33%/50% case [2] results in a bit worse MUE performance compared to ‘location A’ and ‘location B’ with PHNBmax equal to 16 and 2.5 dBm, respectively. Now, the outage probability is equal to 70% inside the apartment with a HNB, 17% within the neighboring apartments and 0% outside the building. In order to reach the same MUE performance, PHNBmax should be approximately equal to -8 dBm, which would result in 93.5% area probability for the HUE [2]. Thus, also for this scenario a reasonable compromise between the HNB coverage and MUE performance loss can be found.

5 Additional Discussion

In [4] it was suggested that the indoor path loss model should include a constant loss of approximately 10 dB in addition to the free space loss. This correction factor is due to: 

· Body and furniture losses

· Transmit efficiency of HNB and UE antenna

· Polarization mismatch

The first bullet is assumed to be taken into account by the indoor propagation model used in this study, see [3]. For the second and third bullet let us assume an additional loss of 6 dB. Furthermore, a reasonable assumption is that similar losses should be applied for both connections between HNB-MUE and MNB-MUE. 
If an additional 6 dB loss is applied to all connections, both the carrier and the interference power, excluding thermal noise, are attenuated by the same amount. Therefore, for all interference-limited scenarios, no noticeable change in P-CPICH quality or HSDPA bit rate are expected. However, the Ec/I0 and HS-DSCH CIR would be reduced within noise-limited scenarios, but unfortunately, all of the assumed three locations are too interference-limited to show any noticeable differences due to the additional loss.
In this study the walls between apartments are assumed to introduce a 5 dB loss. Assuming heavier (concrete) walls instead a loss of 10 dB per wall might be more realistic. Increased wall loss will reduce the interference from neighboring HNBs, which will improve the coverage for MUE.

As an example, let us study the MUE coverage in three scenarios: ‘Location C’ with adjacent channel deployment, ‘location C’ with co-channel deployment and ‘location A’ with co-channel deployment, see Figure 20, Figure 21 and Figure 22, respectively. For all three scenarios, the MUE coverage is considerably improved as a result of the increased wall loss between the apartments.
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Figure 20. MUE performance within apartments without HNB. Location C, adjacent channel deployment.
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Figure 21. MUE performance within apartments without HNB. Location C, co-channel deployment.
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Figure 22. MUE performance within apartments without HNB. Location A, co-channel deployment.
6 Discussion and Conclusions

This paper has studied the impact of HNB to macro UE downlink interference within a scenario with a dense deployment of HNBs, the so called “block of flats” scenario.
These results should be considered together with the HUE performance results shown in [2].

The results reveal no new issues which have already not been discussed within RAN4. It becomes quite evident that the combined downlink interference from multiple neighboring HNBs will be an issue, both for MUE and HUE. Furthermore, the chosen density and utilization of HNBs have a large impact on the results.

One of the major questions within RAN4 has been the required range of the maximum HNB output power. In general, the maximum HNB output power will be a trade-off between achievable HNB performance and interference towards MUEs and neighboring HUEs. If one aims at protecting the adjacent channel, or in worst case adjacent operator, MUEs to as large extent as possible, certain HNB output power limitations are needed in particular for scenarios where the adjacent channel macro cell is fairly weak. At the same time, reasonable HNB output power is required in order to achieve a good HNB performance in locations with high interference from co-channel macro cells. The situation is fairly simple for intra-operator scenarios, since there the strengths of the different carrier frequencies are often correlated due to co-sited deployment. However, for inter-operator scenarios the correlation is considerably weaker.
The results in this paper as well as the results in [2] indicate that for the investigated adjacent channel scenarios, PHNBmax above 10 dBm creates more interference problems than performance gains. The lack of performance gains is due to the fact that the downlink interference is dominated by the interference from other HNBs. Without inter-HNB interference the HNB performance will slightly improve when the power is increased. But even there, the performance with PHNBmax equal to 10 dBm seems to be excellent. Hence, from the HNB downlink performance point of view there seems to be only a very limited benefit of adjusting the PHNBmax. However, as demonstrated by the results in [1], applying the same PHNBmax for all three locations requires that the chosen value of PHNBmax should preferably be equal to 5 dBm or less.
For the co-channel deployment, certain performance degradation of both home and macro cell should be accepted. One possibility to look for an acceptable compromise could be to study the impact towards outdoor areas and neighboring apartments without HNBs, and compare that to the expected HNB performance [2]. For example, even for the location close to the macro site, the impact towards neighboring apartments starts to be considerable for PHNBmax above 15 dBm. At the same time, increasing the power to 20 dBm will improve the HNB coverage [2]. In all, looking at the investigated scenarios, PHNBmax > 15 dBm would not necessarily be needed, not even with macro RSSIindoor equal to -51 dBm (‘location A’). Obviously, for the more common scenarios with lower RSSIindoor, an appropriate PHNBmax would be less than 15 dBm.
The results shown in this paper, together with the results in [2] show that it is possible to find appropriate PHNBmax levels that would result in an acceptable compromise between the HNB coverage and interference towards the MUE for a variety of HNB locations within the macro cell.

When it comes to the lower bound of the range of PHNBmax, the simulated adjacent channel scenarios indicate no major need for PHNBmax < 0 dBm to achieve sufficient protection. However, one should notice that ‘location C’ assumed P-CPICH RSCPindoor = -84 dBm from the serving MNB. Real network deployments could easily have indoor locations with much lower P-CPICH RSCP, indicating the possible need for lower PHNBmax than 0 dBm.
As a conclusion, it seems to be motivated to define limitations for the usage of PHNBmax above 5 dBm in order to limit the impacts of inter-operator interference. Considering also locations with P-CPICH RSCPindoor less than -84 dBm, such limitations might be needed also for lower levels of PHNBmax. Furthermore, the results in this paper indicate that the performance gains achieved with PHNBmax above 15 dBm [2] are not large enough to compensate for the increased interference towards close-by MUEs and neighboring HUEs.
Furthermore, the results indicate that finding a reasonable compromise between HNB performance and the interference towards MUEs belonging to the same operator can be possible for most of the scenarios. However, considering also the interference towards MUEs belonging to the neighboring operator will complicate things within scenarios where the co-channel P-CPICH RSCPindoor from the own operator is much larger than P-CPICH RSCPindoor from the neighboring operator.
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