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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], where the focus was on the downlink interference from a single HNB towards close-by macro UEs. In [3] the interference from multiple eHNBs was investigated with the help of LTE system simulations. Inspired by [3], this paper performs a similar study on the downlink interference scenario between multiple HNBs and overlaying macro cells, considering different HNB densities and HNB output powers. 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. Compared to [3] some of the models and assumptions have also been modified.
2 Scenario and Assumptions
The assumed scenario consists of a WCDMA macro cell layer, and {0, 50, 100, 200, 500} HNBs randomly distributed within each of the macro cells. The macro layer is based on the ‘case 1’ of [4]. Hence, the inter-site distance (ISD) is equal to 500 m.

Similar to [2], the downlink impact on macro UEs is studied by looking at the received quality (Ec/N0) of the strongest macro P-CPICH taking the interference from HNBs into account. During each simulation snapshot, a number of macro UEs (“probes”) are uniformly distributed throughout the system area. In addition to that, the wanted number of HNBs are also generated in random (uniformly distributed) indoor positions and on random floor levels.

The path loss LM between a macro UE located outside and a macro nodeB is calculated using the model in [4]. Hence,
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(1)
For an indoor macro UE, or for a connection between a HNB and a macro nodeB, an additional loss of 20 dB is added [4].

The path loss LH,outdoor between an outdoor macro UE and a HNB is based on the microcellular outdoor-to-indoor model in [4]. Hence,
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(2)
Finally, the path loss between an indoor macro UE and a HNB, or between neighboring HNBs, is calculated using a somewhat simplified version of the multi-wall model in [5]. In the simplified model, the penetration loss caused by the walls is modeled as a log-linear value, equal to 0.7 dB/m. For floor penetration, the value of Lf is assumed to be equal to 18.3 dB. Hence,
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(3)
where n is the number of penetrated floors between the transmitter and the receiver. The floor height is assumed to be equal to 3 m.

For all connections towards a macro nodeB, a log-normal fading value with a standard deviation equal to 8 dB is also added. Furthermore, for all connections towards a HNB, the standard deviation of the log-normal fading is equal to 10 dB. Finally, a check is made that the final loss is not smaller that the corresponding free-space loss.
The received average P-CPICH Ec/N0 from macro nodeB i is calculated as


[image: image4.wmf]å

å

=

=

+

×

×

+

=

H

h

h

h

H

HNBmax,h

h

K

k

k

M

NBave

i

M

CPICH

i

c

N

ACIR

L

P

a

L

P

L

P

N

E

1

,

1

,

,

0





(4)
where K is the number of macro nodeBs in the system, H is the number of HNBs and ah is the activity factor of HNB h, equal to 0.3. Furthermore, PCPICH is 10% of PNBmax, i.e. 2 W and PNBave is 15 W. ACIR is equal to 0 dB (co-channel) or 33 dB (adjacent channel). Finally, the UE noise figure is assumed to be equal to 9 dB.

3 Simulation Results
The impact on macro layer is studied by looking at the distribution of the received P-CPICH Ec/N0 with different HNB densities and maximum output powers (PHNBmax). The number of HNBs per cell is picked from {0, 50, 100, 200, 500}. With ISD equal to 500 m, this corresponds to HNB densities approximately equal to {0, 690, 1390, 2770, 6930} HNB/km2.

3.1 Co-channel scenario
The simulated P-CPICH Ec/N0 distributions for 200 HNB/cell are shown in Figure 1 for both outdoor and indoor areas. The dashed curve indicates the Ec/N0 values 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 P-CPICH Ec/N0 for the macro users.
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Figure 1. Distribution of macro P-CPICH Ec/N0 for outdoor and indoor areas.

In this paper, the CPICH outage probability is defined as the probability that the received average P-CPICH Ec/N0 is below a threshold of {-16, -18} dB. The results are shown in Figure 2 and Figure 3 for the simulated outdoor and indoor areas, respectively. The results demonstrate how the CPICH outage probability increases both as a function of PHNBmax and the number of HNBs. In particular for the indoor areas and a large density of HNBs the results look quite bad. 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 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. A tunable PHNBmax would therefore be needed to secure a sufficient HNB coverage for most of the locations.

Another possible solution to reduce problems in case of co-channel deployments would be to apply “open access” instead of “closed access”. In case of “open access” the close-by macro UEs that risk to be interfered, would instead be served by the HNB. While this would reduce the interference problems and increase the capacity of the network, it could also introduce new problems, e.g. with respect to the mobility between macro and HNB, and the sharing of the capacity of both the HNB and the backhaul. Nevertheless, the impact and performance of “open access” should be studied in more detail.
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Figure 2. Macro CPICH outage probability for outdoor areas.
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Figure 3. Macro CPICH outage probability for indoor areas.

Figure 4 shows the distribution of the simulated average total RSSI (macro nodeBs + HNBs) at the simulated HNB locations with PHNBmax equal to {-10, -5, 0, 5} dBm and with different numbers of interfering HNBs. As can be noticed, the lowest 10 percent of RSSI values are within the range of -80… -70 dBm. Most of those locations can also be expected to be amongst the ones that are the most sensitive to HNB-to-macro downlink interference.
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Figure 4. Simulated total RSSI at the HNB locations.
Considering the results in Figure 4, in addition to the corresponding results for the macro P-CPICH RSCP levels, the HNB coverage area can be estimated following the methodology suggested in [2]. The results for the “HNB dominance” (dominance over macro P-CPICH) are shown in Figure 5. As can be noticed, even with PHNBmax equal to -10 dBm, 10% of the HNB locations have a HNB dominance area that has a range larger than 60 dB
. With larger PHNBmax, also the dominance area becomes larger. In general, the HNB dominance area should not be (much) larger than the wanted HNB coverage area, since otherwise there is a risk that the corresponding macro UE dead zone becomes too large. For example, there is a risk that the dead zone extends deep into the neighboring apartment or close-by outdoor areas, such as sidewalks or streets. Therefore, depending on the wanted HNB coverage, it might in some cases be justified to adjust PHNBmax to be less than -10 dBm.
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Figure 5. Simulated HNB range assuming “HNB dominance” over the strongest macro P-CPICH.
The results for “HNB CPICH quality” are shown in Figure 6. There, it is required that the received HNB P-CPICH Ec/N0 is at least equal to -16 dB, when the serving HNB is transmitting at PHNBmax. With a threshold equal to -18 dB the coverage would become slightly larger. While the results in Figure 5 only considered the received macro P-CPICH RSCP, the results in Figure 6 take also the interference from neighboring co-channel HNBs into account. Similar to the results in [2], also here the “P-CPICH quality” -based coverage area is larger than the “dominance” –based range, at least for the low PHNBmax levels where the difference is approximately 5 dB. As the PHNBmax increases, the inter-HNB interference starts to limit the HNB coverage for the locations with low macro RSSI.
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Figure 6. Simulated HNB range assuming “HNB P-CPICH quality”.
In general, the results in Figure 5 and Figure 6 suggest that some form of downlink interference control, e.g. by adjusting the PHNBmax, providing sufficient (but fairly limited) HNB coverage, can help to make the co-channel deployment scenario to a feasible option. For low RSSI scenarios, PHNBmax should preferably be at least as low as -10 dBm in order to efficiently reduce the size of macro dead zones around the HNBs. However, setting PHNBmax to a value less than 0 dBm requires that the current limitation of -10 dBm for the P-CPICH Tx power [6] has to be modified accordingly.
3.2 Adjacent channel scenario
While the co-channel deployment scenario is challenging and requires downlink interference control, possibly enhanced with an “open access” feature, the adjacent channel deployment scenario results in considerably smaller interference problems.
The simulated macro P-CPICH Ec/N0 distributions for 200 HNB/cell are shown in Figure 7 for both outdoor and indoor areas. As can be noticed, there is only a minor dependency on the PHNBmax, even for the indoor locations.
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Figure 7. Distribution of macro P-CPICH Ec/N0
The findings in Figure 7 can be further validated by looking at the results for the CPICH outage probabilities shown in Figure 8. The results demonstrate how the simulated CPICH outage probability within the indoor areas is less than 2.5% even with PHNBmax equal to 20 dBm. For outdoor areas the CPICH outage probability is negligible. The results indicate that in case of adjacent channel deployment there is no strict requirement of downlink interference control; assuming PHNBmax equal to approximately 5…10 dBm results in low enough interference and sufficient HNB coverage in nearly all of the HNB locations. However, with some form of downlink interference control, the HNB performance can be further optimized.
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Figure 8. Macro CPICH outage probability for indoor areas.
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 P-CPICH is fairly weak, which results in large dead zones (“out-of-coverage areas”) around the HNBs. 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. According to the simulation results, there is a need to set the maximum HNB output power to as low as -10 dBm, or in some cases even below that, in order to obtain an acceptable “coverage vs interference” tradeoff. However, this would indicate a need to change the existing standard with respect to the minimum allowed P-CPICH transmission power [6].
The interference problems related to the co-channel deployment could be reduced by allowing the close-by macro UEs to connect to the HNB (“open access”). However, this can introduce some new problems, e.g. with respect to the mobility between macro and HNB, and sharing of the capacity of HNB and backhaul. It is also likely that even with “open access” the PHNBmax would need to be controlled, in one hand to be able to limit the sizes of the “home cells” within areas with weak macro P-CPICH, and on the other hand to secure sufficiently large HNB coverage areas for locations close to the macro sites. The required range of the PHNBmax could, however, become somewhat smaller compared to the “closed access”. Nevertheless, the impact and performance of “open access” should be studied further.

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, there is no need to set the maximum power below 0 dBm. However, assuming some form of downlink interference control also for the adjacent channel scenario could further improve the HNB performance.
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� Assuming the indoor propagation model in equation (3), antenna gains equal to 0 dBi, and ignoring the impact of shadow fading, 60 dB path loss corresponds to a distance of 6.9 m. Similarly, path losses equal to 65 and 70 dB correspond to distances equal to 9.7 m and 13.1 m, respectively.
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