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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 discusses the downlink co-existence scenario between co-channel HNBs. This topic has already been discussed e.g. in [1]. From the downlink interference modeling point of view, the main difference between [1] and this contribution is the impact of the HNB traffic and the end-user behavior. In [1] results were presented for a “full buffer” scenario, assuming that all HNBs were transmitting constantly with PHNBmax, which is perhaps not so realistic assumption; Even though the system may have a large density of HNBs, it is not that likely that all of them are scheduling a user, or users, with full downlink power at the same time. In this paper, a random process is assumed, defining which of the modeled HNBs are active, i.e. scheduling a user with PHNBmax, during the simulated time instant (“snapshot”), while the other HNBs are assumed to transmit only the common control channels.
2 Scenario and Assumptions
The main simulation methodology and assumptions are roughly the same as in [2] and [3]. In this section the main differences are described in more detail.

The largest difference compared to [2] is that the locations of the HNBs are more coordinated, which has an impact on the total HNB downlink interference experienced by a macro UE and the level of inter-HNB interference. The general expectation, also verified by the simulation results, is that the coordinated locations reduce the level of interference between the home cells.

In the model assumed in this paper, the system area is divided into 10x10 m bins, “apartments”. At the beginning of each simulation snapshot, a predefined number of HNBs, either 200 or 500, are placed in random locations within each of the macro cells. The process to define the location of each HNB consists of the following steps: a) the apartments at which the HNBs are located are randomly selected from the group of apartments belonging to a certain cell b) each HNB is assigned a floor level between 1 and 6, c) a check is made that none of the apartments contain more than one HNB, d) the HNBs are placed in random coordinates within the selected apartments.
In order study the impact of the level of HNB HS activity (traffic models, end-user behavior), each HNB has a certain probability, “HNB HS utilization”, of being active, i.e. scheduling a HS-DSCH. The decision of whether a certain HNB is active or not affects the output power of that HNB: if the HNB is not active, it is assumed to be transmitting only the common control channels, 20% of PHNBmax, while an active HNB is assumed to be transmitting with the maximum power, PHNBmax.
Next, a home UE (HUE) is placed in a random location within each of the apartments with an active HNB. A check is made that the P-CPICH Ec/I0 towards the serving HNB is at least equal to -18 dB. If that is not the case, the HUE is re-dropped into a new location within the apartment until an acceptable P-CPICH quality has been reached.

Once the locations (coordinates, apartments, floor levels) of each of the HNBs and HUEs are known, path losses can be calculated. The path losses towards the macro sites are calculated using the same model as in [2]. The path loss modeling towards the HNBs is, however, slightly modified as a result of the more accurate modeling of the UE and HNB locations.

In this paper it is assumed that the path loss between an indoor UE and a HNB can be calculated as
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where p is the number of heavier walls (walls separating the apartments) between the transmitter and the receiver and Lw is the additional loss introduced by one such wall, assumed to be equal to 10 dB. When calculating the 3-dimensional distance (d3D) between the UE and the HNB, an assumption is made that the height of each floor is 4 m. Finally, the value for Lf is assumed to be equal to 18.3 dB. Similar to [2], a log-normal fading value is also added, including some amount of correlation (0.5) between the different HNBs. Finally, a check is made that the obtained path loss is not smaller than the corresponding free space loss. In order to simplify the interference calculations, only the HNBs that have a d3D less than 40 m from the UE or HNB in question are taken into account when calculating the total interference.

The simulations are run for three different fixed values of PHNBmax: 5, 10 and 15 dBm. Furthermore, only the adjacent channel deployment with ACIR equal to 33 dB with respect to the overlaying macro layer is assumed for the HNBs.
3 Simulation Results
The downlink coverage of the HNBs is studied by looking at the HNB P-CPICH outage probability
 for the simulated HUEs, see Figure 1. Here, one should notice that these values are logged after the first drop of HUEs. Later, when calculating the HUE HS bit rates, the HUEs experiencing P-CPICH outage are re-dropped into a better position within the apartment.
As can be noticed, the 10x10 m apartment has in practice full P-CPICH coverage, even with PHNBmax equal to 5 dBm, and assuming random locations of the HUE and the serving HNB within the apartment. One can also notice that the P-CPICH coverage becomes slightly worse when the HNB density is increased and/or when the HNB HS utilization increases. This is of course caused by the increased interference from the neighboring HNBs. Furthermore, the results indicate that the coverage can be slightly improved by increasing the PHNBmax. However, already with PHNBmax equal to 10 dBm the coverage becomes limited by the interference from other HNBs, meaning that increased PHNBmax would not improve the coverage any further.
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Figure 1. P-CPICH outage probability for the simulated HUEs with different levels of HNB HS utilization and with different HNB densities and PHNBmax.

The impact on HUE “rate coverage” is studied by looking at the distribution of the simulated HUE HSDPA bit rates, see Figure 2. The simulated HS CIR has been mapped to corresponding HS bit rate using the following equation:
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The HUE HSDPA bit rates are considerably higher than the macro HSDPA bit rates shown for example in [2], mainly due to good downlink orthogonality, small path losses, low level of inter-cell interference and low level of DCH traffic. The curves can be noticed to reach bit rates corresponding to the capabilities of HSDPA with MIMO and 64QAM, or even beyond. Furthermore, the HNB HS utilization appears to have a clear negative impact on the HSDPA bit rates, but the changes are by no means dramatic. For example, there does not seem to be any noticeable amounts of HUEs with zero bit rate.
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Figure 2. Distribution of HUE HSDPA bit rates assuming 500 HNB/cell and PHNBmax equal to 10 dBm.
The impact on home cell capacity can be studied by looking at how much the average HNB HSDPA bit rate is reduced due to the additional downlink interference introduced by the other HNBs. The results are shown in Figure 3 for three different upper limits for the HSDPA bit rate: “unlimited”, “max 12.8 Mbps (category 10)” and “max 19.3 Mbps (category 14)”.
The results demonstrate how the HNB downlink capacity is reduced as the HNB HS utilization increases and/or with a higher HNB density. Applying a certain maximum limit for the HSDPA bit rate reduces the relative capacity reduction, due to the fact that for such scenarios the bit rates are actually limited by the HSDPA capabilities, and not by the interference, for a large number of HUEs. One can also notice that the HNB performance improves slightly when the PHNBmax is increased, indicating a scenario where the inter-HNB interference is not clearly dominating over the UE thermal noise. A clear indication that the new simulator model has reduced the level of inter-HNB interference compared to for example [2].

One can also notice that the results in this paper differ considerably from the results in [1], even when HNB HS utilization equal to 100% is assumed. According to the results shown here, the inter-HNB interference has a clear impact on the HNB downlink performance, but it is by no means dramatic. A closer look at the simulation models makes it quite clear that the “block of apartments” assumed in [1] scenario is much more demanding than the model used in this paper. In [1], the number of HNBs within an area of 50*50 m was either 25 (p = 0.33) or 75 (p = 1). In this study, assuming a density of 500 HNB/cell, the corresponding average number of HNBs within the same area becomes equal to 17.3. Furthermore, in this study, the HNBs are spread over six floors, compared to three floors in [1], which reduces average inter-HNB interference even further.
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Figure 3. Average HUE HSDPA bit rate with different levels of HNB HS utilization and with different HNB densities and PHNBmax.

4 Conclusions

This paper has studied the downlink co-existence between co-channel HNBs.  The main focus has been in the impact of HNB HS utilization.
The simulation results show that the interference between HNBs increases as the HNB density and/or the HNB HS utilization increase. However, the results demonstrate that even with a maximum HNB output power equal to 5 dBm power the assumed 10x10m apartment would be fully covered.
When it comes to the downlink inter-HNB co-existence, the results in this paper differ considerably from the results in [1], even when HNB HS utilization equal to 100% is assumed. According to the results shown here, the inter-HNB interference has a clear impact on the HNB downlink performance, but it is by no means dramatic, and in any case, the achievable HNB downlink performance is splendid, exceeding in many cases the capabilities of HSDPA with MIMO and 64QAM.

A closer look at the simulation models reveals the “block of apartments” assumed in [1] scenario is much more demanding than the model used in this paper. Nevertheless, the “block of apartments” model can be seen as a valid “worst case scenario”, which the HNB should be able to handle without any significant performance reductions. However, such scenario should preferably not be used to obtain an estimate of the “system-wide” downlink performance. Therefore, it is suggested that the “block of apartments” model should be mostly applied to HNB-to-HNB co-existence scenarios, while the system-level HNB-to-macro co-existence scenarios should be based on models with more wide-spread deployment of HNBs. In addition to the inter-HNB scenarios, one could also think of using the “block of apartments” model to illustrate the impact of downlink interference from HNBs towards a certain macro UE, assuming a certain location within the macro cell.
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� Probability that the received HNB P-CPICH Ec/I0 is less than -18 dB.
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