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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 [2-5]. This contribution builds on the models and assumptions in [5], but assumes a controlled HNB output power instead of a fixed HNB output power. 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. Furthermore, 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] and [5]. The impact on macro layer capacity is studied by looking at the average HS-DSCH bit rate with different HNB densities and maximum output powers (PHNBmax). The impact on macro layer coverage is studied by looking at the P-CPICH coverage probability. In this section the main difference, i.e. the assumed downlink interference control algorithm, is described in more detail.

During the simulations, the appropriate PHNBmax is calculated separately for each HNB location based on the assumption that the HNB should not cause a “dead zone” (out-of-coverage area) larger than x dB for the adjacent channel macro UE. Hence, expressed with the help of RSSI and P-CPICH RSCP measurements performed on the adjacent downlink carrier the PHNBmax becomes equal to
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or assuming P-CPICH Ec/I0 and RSCP for the strongest macro cell on the adjacent carrier:
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The simulations are run for interference control threshold x equal to {20, 25, 30, 35, 40, 45} dB. Furthermore, it is assumed that -20 dBm ( PHNBmax ( 20 dBm.

One should notice that RSSI and P-CPICH Ec/I0 include also the average adjacent channel leakage from any neighboring HNBs. Furthermore, instead of using the estimated adjacent channel impact as the main tuning criteria, the control algorithm could also be based on targeting for a certain HNB dominance area, HNB P-CPICH coverage area, maximum size of the co-channel dead zone, or a combination of several criterias.

3 Simulation Results
3.1 HNB output power

Although the interference control algorithm takes the inter-HNB interference into account, its impact is found to be only marginal compared to the expected interference from the controlled HNB. Hence, the obtained PHNBmax values do not really depend on the assumed HNB density. The obtained PHNBmax distributions with 500 HNB/cell and different values of interference control threshold x are shown in Figure 1. As can be expected, a larger x allows the use of higher values of PHNBmax, and vice versa.
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Figure 1. Maximum HNB output power with different interference control thresholds.

3.2 Co-channel scenario
The simulation results for the macro cell P-CPICH outage probability are shown in Figure 2 for the simulated outdoor and indoor areas in case of controlled PHNBmax. As a comparison, the corresponding results for a fixed PHNBmax are presented in Figure 3. As can be noticed by looking at the curves in Figure 2, a lower value of x will result in reduced coverage holes around the HNBs. This is obviously caused by the reduced HNB output powers. For the outdoor areas, it seems that x = 30 dB would result in (close to) full coverage. At the same time, even with x = 20 dB part of the indoor areas would not have sufficient macro coverage due to interference from HNBs. However, the indoor curves are a bit misleading since they include also the areas which are supposed to be covered with the HNBs. It might therefore be acceptable to require that a HNB should not cause unnecessarily high interference towards outdoor areas and neighboring apartments, in particular if “partial co-channel deployment” [6] is assumed. With that kind of requirement, x = 25 or 30 dB could be acceptable from the co-channel macro coverage point of view.
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Figure 2. Macro P-CPICH outage probability with controlled PHNBmax.
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Figure 3. Macro P-CPICH outage probability with fixed PHNBmax.

One can also notice that for the simulated outdoor and indoor areas, x equal to 30 dB (outdoor) and 20 dB (indoor) result roughly in the same P-CPICH outage probability than assuming 0 dBm maximum output power for all HNBs. However, if the corresponding HNB coverage is taken into account, the benefits of applying interference control instead of a fixed PHNBmax become obvious, as will be shown later in this section.

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 4 and Figure 5 for the controlled PHNBmax and fixed PHNBmax, respectively. In these figures, the “additional DPCH & HS-SCCH power” as explained in [5] has not been taken into account.
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Figure 4. Relative average HSDPA bit rate for outdoor and indoor areas with controlled PHNBmax.
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Figure 5. Relative average HSDPA bit rate for outdoor and indoor areas with fixed PHNBmax.

The results for the macro cell capacity show, that even though a HNB would not generate a coverage hole, it will still interfere the macro layer. For example, x = 25 dB does not cause any dead zones for outdoor areas, but results still in 2-16% capacity loss depending on the assumed density of HNBs. Looking at the results with a fixed PHNBmax, similar impact would be obtained with PHNBmax equal to 7-8 dBm. But, as will be shown, the controlled PHNBmax benefits the HNB coverage, in particular when it comes to the size of the HNB dominance area, and the coverage area for the worst HNB positions.
The size of the HNB coverage area can be estimated for example with the methodology introduced in [2] and used already in [4] and [5]. First, in Figure 6 the size of the HNB dominance area is compared between the controlled PHNBmax and the fixed PHNBmax. Next, the corresponding results for the HNB coverage area based on P-CPICH quality are presented in Figure 7 and Figure 8. In all figures, the different curves correspond to different percentiles of the simulated HNB locations.
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Figure 6. HNB range based on “HNB dominance” with controlled PHNBmax (left) and fixed PHNBmax (right).
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Figure 7. HNB range based on P-CPICH quality with controlled PHNBmax.
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Figure 8. HNB range based on P-CPICH quality with fixed PHNBmax.

The results show that for the higher percentiles (good positions), low density of HNBs and/or low HNB output powers, a certain increase in HNB output power results in roughly equally large increase in HNB range, indicating a scenario which is clearly limited by the macro interference and/or thermal noise. For lower percentiles, higher density of HNBs and/or higher HNB output powers, the coverage becomes more and more limited by the inter-HNB interference. Hence, increasing the HNB output power will result in a smaller increase in the HNB range.

As can be noticed, assuming the same impact on co-channel macro cell coverage and capacity, the controlled PHNBmax results in better coverage when it comes to the size of the HNB dominance area, and the coverage area for the worst HNB positions. At the same time the coverage for the best HNB positions is reduced. This is due to the fact that the assumed interference control algorithm reduces the PHNBmax within areas where there is a risk of losing macro coverage, i.e. where the macro cell is weak (low level of macro interference). These areas can have a splendid coverage with a fixed PHNBmax, unless the inter-HNB interference is limiting. Furthermore, the algorithm “boosts” more power in areas, where the macro cell is strong (high interference areas) resulting in improved coverage. The size of the coverage reduction and/or improvement depends on the level of inter-HNB interference compared to the interference coming from the overlaying macro cells.

3.3 Adjacent channel scenario
The simulation results for the macro cell P-CPICH outage probability are shown in Figure 9 for the simulated indoor areas in case of both controlled PHNBmax and fixed PHNBmax. As indicated already in [5], the adjacent channel P-CPICH outage probability for outdoor areas will be very small, and will not be discussed further in this paper.
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Figure 9. P-CPICH outage probability with controlled PHNBmax (left) and fixed PHNBmax (right).
Compared to the co-channel scenario, the impact of HNBs on the macro cell coverage is very small, the P-CPICH outage probability is less than 1% even with a fixed power of 20 dBm. However, the impact on macro cell HSDPA capacity is larger, as shown in Figure 10. Here one should also notice that the curves in Figure 10 include the impact of increased DPCH and HS-SCCH power [5].
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Figure 10. Relative average HSDPA bit rate for indoor areas with controlled PHNBmax (left) and with fixed PHNBmax (right).
As can be expected, the impact on macro cell capacity can be reduced by selecting a lower interference control threshold x for the control algorithm. When the curves in Figure 10 are compared with each other, the impact on macro capacity with x equal to {25, 30, 35} dB is found to be similar to the impact with a fixed PHNBmax of roughly {5, 8, 12} dBm.

For the adjacent channel scenario, the HNB coverage is limited by the inter-HNB interference to a much larger extent than in case of co-channel deployment, see Figure 11 for controlled PHNBmax and Figure 12 for fixed PHNBmax. Still, the controlled PHNBmax is found to slightly improve the coverage of the worst positions, although the benefits of controlling the PHNBmax are greatly reduced compared to the co-channel scenario. However, at the same time the HNB locations with a fairly low level of inter-HNB interference (good positions/high percentiles) will still experience worse coverage due to reduced PHNBmax.
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Figure 11. HNB range based on P-CPICH quality with controlled PHNBmax.
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Figure 12. HNB range based on P-CPICH quality with fixed PHNBmax.

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. For the maximum HNB output power, a simple control algorithm is assumed in addition to a fixed power setting. Finally, the study has been performed for both co-channel and adjacent channel deployment scenarios.
Looking at the obtained simulation results, one can conclude that assuming the same impact on co-channel macro cell coverage and capacity, the controlled PHNBmax results in better coverage when it comes to the size of the HNB dominance area, and the coverage area for the worst HNB positions. At the same time the coverage for the best HNB positions is reduced. This is due to the fact that the assumed interference control algorithm reduces the PHNBmax , and HNB coverage, within areas where there is a risk of losing macro coverage, i.e. where the macro cell is weak. Furthermore, the algorithm “boosts” more power in areas, where the macro cell is strong resulting in improved HNB coverage. The size of the coverage reduction and/or improvement depends on the level of inter-HNB interference compared to the interference coming from the overlaying macro cells.
In case of co-channel closed access deployment with any non-zero HNB coverage areas, there will always be an impact on the macro layer. The question is only how large impact is seen as acceptable. In general, a smaller interference control threshold or lower fixed PHNBmax will result in reduced coverage and capacity loss within the macro cell, but unfortunately also in reduced HNB coverage. For co-channel deployments, one possible requirement could be that the HNB should not interfere neighboring indoor areas or close-by outdoor areas too much. Assuming for example that 10% co-channel capacity loss is acceptable for outdoor areas, a fixed PHNBmax should be less than 4 dBm. But as can be noticed, such low PHNBmax can lead to small HNB dominance areas. With the assumed interference control algorithm the coverage can be improved, while maintaining the same level of interference (x = 21 dB).
In case of adjacent channel deployment the interference towards the macro UEs is greatly reduced. However, at the same time also the co-existence requirement becomes tougher; basically, the HNBs (both closed and open access) should not have any bigger impact on the adjacent channel macro coverage and capacity, neither outdoor nor indoor. As an example: Looking at the simulation results, no more than 1% of the indoor capacity will be lost, if the interference control threshold x is less than 28 dB, or if the fixed PHNBmax is less than 7 dBm. 
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