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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, called as “Home NodeB interference scenario #2” in [1].
This topic has already been discussed e.g. in [2-4]. This contribution builds on the models and assumptions in [4], but focuses instead on the impact on macro cell HSDPA capacity. Similar to [4], fixed and homogenous HNB output power is assumed. Furthermore, both co-channel (HNB is re-using one of the macro frequencies) and adjacent channel (HNB is operating on a frequency that is ±5 MHz from the closest macro frequency) deployment options are studied. Finally, only HNBs with closed access are assumed in this paper.
2 Scenario and Assumptions
The main simulation methodology and assumptions are the same as in [4]. In this section, the main differences are described in more detail.

The impact on macro layer capacity is studied by looking at the average HSDPA bit rate with different HNB densities and maximum output powers (PHNBmax). The HSDPA bit rate can RHS be obtained with a modified Shannon equation [5]:
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The HS-DSCH CIR from macro nodeB i can be calculated as
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(2)
Assuming the parameters in Table 1, the HS-DSCH transmission power PHS-DSCH becomes equal to 65% of the PNBmax. The problem with this kind of a simplified approach is that the impact of HNB-to-UE downlink interference on power-controlled downlink channels will not be taken into account. What will happen in reality is that due to the additional downlink interference introduced by the HNBs, the DPCHs and HS-SCCHs (if applicable) will require more transmission power in order to reach their quality targets. Hence, as a result of that, less power will be available for HS-DSCH. In the end, the CIRHS will be reduced both due to increased interference and reduced PHS-DSCH.

A rough estimate of the required additional DPCH+HS-SCCH power can be obtained for example by studying the average reduction of the CIRHS, with a certain fixed PHS-DSCH and a HNB deployment scenario, and mapping that into a corresponding average transmit power increase for the power-controlled channels, and further to reduced PHS-DSCH and CIRHS. However, for co-channel scenarios, which can suffer from a high level of interference from HNBs, the required additional power may be greatly over-estimated with this method. In reality, the system will usually have a maximum limit for the power a single DPCH can consume. Furthermore, the connections suffering from high interference and not being able to increase their power any further will either be dropped or moved to another carrier frequency (if applicable). Therefore, this kind of simple “scaling” would be the most suitable for adjacent channel scenarios, where the HNB-to-UE interference is not expected to be too excessive.

To be exact, the increased transmission power on DPCH and HS-SCCH, as well as the reduced HSDPA bit rates should also increase the average macro BS output power compared to the initially assumed value of 15 W, increasing the level of downlink interference even further. However, this has not been taken into account during the simulations.
Table 1. Downlink-specific parameters.

	Parameter
	Value

	Macro BS power (maximum)
	20 W

	Macro BS power (average)
	15 W

	HNB power (average)
	0.3(PHNBmax

	P-CPICH overhead (of max power)
	10%

	Total CCH overhead (of max power)
	20%

	DPCH (A-DPCH + other DPCH)
	10%

	HS-SCCH
	5%

	HS-DSCH
	100% - (CCH + DPCH + HS-SCCH)

	HS-DSCH bit rate [6]
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	Non-orthogonality factor
	0.4

	UE noise figure
	9 dB

	Out-of-coverage
	P-CPICH Ec/I0 < -18 dB


3 Simulation Results
3.1 Co-channel scenario
The simulated HSDPA bit rate distributions for 200 HNB/cell are shown in Figure 1 for both outdoor and indoor areas. The dashed curve indicates the bit rates for the reference scenario without any HNBs, while the solid curves present the corresponding results with different PHNBmax. On the curves it is clearly visible that a higher PHNBmax introduces more downlink interference and results in reduced HSDPA bit rates for the macro users.
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Figure 1. Distribution of macro HSDPA bit rate for outdoor and indoor areas.

As mentioned, impact on macro cell capacity is studied by looking at how much the average HSDPA bit rate is reduced due to the additional downlink interference introduced by the HNBs. The results are shown in Figure 2 for the simulated outdoor and indoor areas. In these figures, the “increased DPCH & HS-SCCH power” as explained in section 2 has not been taken into account. 
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Figure 2. Relative average HSDPA bit rate for outdoor and indoor areas. The impact of additional interference on power-controlled downlink channels has not been taken into account.
The results are well in line with the coverage-specific results in [4], see also Figure 3 and Figure 4. The results demonstrate how the macro cell capacity loss increases both as a function of PHNBmax and the number of HNBs. The results clearly suggest that some form of downlink interference control, e.g. by adjusting the PHNBmax, should be applied, in order to make the co-channel deployment a feasible option. The results also indicate, that from the interference point of view a “safe” level of PHNBmax, i.e. a certain fixed PHNBmax that would not result in too excessive interference in most of the locations, would need to be below 0 dBm. The obvious problem with a such low fixed PHNBmax value is that it would result in poor HNB coverage within locations with high external interference, as demonstrated by the results in [4] and in Figure 3 and Figure 4. A tunable PHNBmax would therefore be needed to secure a sufficient HNB coverage for most of the locations.

In Figure 3 and Figure 4 the various curves correspond to different percentiles of the simulated HNB locations. As already explained in [4], the “HNB dominance” does not take the interference from neighboring HNBs into account, and hence the HNB range will not differ when the HNB density is changed. There is also a 1:1 relationship between the increase in the HNB output power and the increase in the HNB range. HNB range based on P-CPICH quality includes the impact of inter-HNB interference, and hence, the HNB range shrinks, when the density of HNBs is increased, since the level of inter-HNB interference increases. In general, for locations, where the interference from macro cells and/or thermal noise is dominating, any additional HNB power will increase the HNB range with the equal amount. However, for locations where the inter-HNB interference becomes more important, the situation becomes more interference-limited, reducing the gain of increasing the HNB power.
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Figure 3. Estimated HNB coverage based on HNB dominance.
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Figure 4. Estimated HNB coverage based on the P-CPICH quality.

3.2 Adjacent channel scenario
While the co-channel deployment scenario is challenging and requires downlink interference control, the adjacent channel deployment scenario results in considerably smaller interference problems.
The simulated macro HSDPA bit rate distributions for 200 HNB/cell are shown in Figure 5 for both outdoor and indoor areas. As can be noticed, there is only a marginal dependency on the PHNBmax, even for the indoor locations.
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Figure 5. Distribution of macro HSDPA bit rate for outdoor and indoor areas.
The findings in Figure 5 can be further validated by looking at the results for the relative average HSDPA bit rate shown in Figure 6. The results demonstrate how the loss in indoor HSDPA capacity is less than 5% even with PHNBmax equal to 20 dBm and with 500 HNB/cell. For outdoor areas the HSDPA capacity loss is negligible.
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Figure 6. Relative average HSDPA bit rate for outdoor and indoor areas. The impact of additional interference on power-controlled downlink channels has not been taken into account.
As explained in section 2, due to the additional interference, the power controlled downlink channels would require more power than assumed, leaving in fact less than 65% of the power available for the HS-DSCH. Following the simplified approach from section 2, a rough estimate of the average transmission power increase can be obtained, see Figure 7. As an example, if the estimated power increase is equal to 1 dB, the power controlled channels are consuming 18.9% of the maximum power instead of the initially assumed 15%. Hence, the power on the HS-DSCH becomes then equal to 100% - (20+18.9)% = 61.1%. Since the level of interference is assumed to stay the same, the new CIRHS can be obtained simply by multiplying the old CIRHS with 0.94 (0.611/0.65). The corresponding relative average HSDPA bit rate curves are shown in Figure 8.
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Figure 7. Average transmission power increase for the power controlled downlink channels.
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Figure 8. Relative average HSDPA bit rate for outdoor and indoor areas. The impact of additional interference on power-controlled downlink channels has been taken into account.
Similar to the results for HNB coverage in [4] and Figure 9, the results in Figure 8 indicate that in case of adjacent channel deployment there is no strict requirement of downlink interference control. Depending on how large impact on the overlaying macro layer is allowed, the PHNBmax can be equal to approximately 5…10 dBm. However, with some form of downlink interference control, the HNB performance can be further optimized. With interference control, the impact on macro layer can be further reduced at the most critical locations. Furthermore, the HNB coverage can be “boosted” at locations, where the interference towards the macro layer is not a big problem.
Looking at the curves in Figure 9, it becomes obvious that the adjacent channel deployment is limited by the inter-HNB interference to a larger extent than the co-channel deployment. Hence, the gain of increasing HNB power or the loss of reducing the power are often not as obvious as they are for the co-channel deployment.
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Figure 9. Estimated HNB coverage based on the P-CPICH quality.
4 Conclusions

This paper has studied the downlink co-existence between home nodeBs (aggressor) and macro UEs (victim). Both the impact of the HNB density as well as the maximum HNB output power has been considered. Furthermore, the study has been performed for both co-channel and adjacent channel deployment scenarios.
The results for the co-channel deployment indicate considerable interference problems at locations where the macro cell is fairly weak, which results in large dead zones (“out-of-coverage areas”) around the HNBs and a large reduction in the available macro cell capacity. The interference can be reduced for example by lowering the HNB maximum output power. However, in order to maintain a sufficient HNB coverage area, the actual interference scenario has to be taken into account when defining the output power for a specific HNB.

The adjacent channel deployment is found to work much better. There is no strict requirement for any downlink interference control, assuming maximum HNB output power in the range of 5…10 dBm. Furthermore, from the adjacent channel interference point of view there is no need to set the maximum power below 0 dBm. However, some form of downlink interference control could further improve the HNB performance also for the adjacent channel scenario.
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