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1.
Introduction

A study item proposal to develop a framework to provide 3G Home NodeB environment was approved at RAN #35, in which one of the RAN4 task is to identify relevant deployment scenarios and any new, revised or missing RF requirements for 3G Home NodeB [1]. The deployment of Home NodeB at the same frequency as an existing macro-cell network have been investigated in [2-3], where simulation results have shown that closed access Home NodeB could cause significant interference and thus performance degradation to the macro-cell network.
In this contribution, the feasibility of user deployed Home NodeB in the same frequency as an existing macro-cell network is investigated. Key requirements for co-channel operation of Home NodeB such as power configuration and open access are discussed. And the theoretical performance of randomly deployed Home NodeB in such a hierarchical cell structure is investigated using system level simulations. The resulting impact on the existing macro-cell network is also investigated.
2.
Key Requirements for Co-channel Deployment
2.1 
Power Configuration

A key requirement for co-channel Home NodeB deployment is to keep the increase in interference caused by Home NodeB low enough to ensure a low impact on the performance of the existing macro-cell network, while still ensure enough transmit power for Home NodeB to achieve target coverage and services.

In the downlink, both the pilot power that defines the cell range, and the maximum transmit power (to limit interference) must be configured. In our simulation, the transmit power for each Home NodeB is set to a value that is on average equal to the power received from the closest macro-cell at the target cell radius, subject to a maximum power. The pilot power is also be set with respect to the total power (around 1/10th of the total power) to achieve the target range.
In the uplink of our simulation, the UE power is limited to a value that limits the aggregate interference of all Home NodeB UEs to the closest macro-cell to a pre-defined value (subject to a maximum power). This way it can be guaranteed that the uplink of the macro-cell is not degraded significantly.
2.2 
Open Access

Another key requirement for co-channel operation, when only one macro-cell frequency is available, is to allow open access on all Home NodeBs in order to prevent excessive interference for UEs of the same operator located close to the Home NodeB.  
To highlight the issues let us consider an example where a Home NodeB owner’s visitors are using UEs operating on the same frequency and are located very close to the Home NodeB (e.g. at one metre distance inside of the house). If they are not allowed to connect via the Home NodeB and no alternative macro-cell connection is available on a different frequency, the Home NodeB will be a source of very strong interference in the downlink, even when not active due to the continuous pilot transmission. Therefore a high increase in the macro-cell power would be needed by these users to maintain an adequate SINR. This would in the best case significantly reduce the macro-cell capacity, or the users would not be able to receive service from the macro-cell at all due to the limited transmit power of the macro-cell. Allowing open access for co-channel operation solves this problem.
3.
System Model
A scenario with 7 macro-cells each with 3 sectors is considered in our simulation, as shown in Figure 1. Home NodeBs are deployed randomly within the coverage area, shown as circles, and re-use the same frequency as the macro-cells, shown as squares, in a hierarchical cell structure. Key simulation parameters including the propagation models for path-loss, shadow fading, and the antenna gain for the macro-cell sectors assumed are given in Table 1. Walls inside of each house are modelled explicitly, as illustrated in Figure 2.
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Figure 1: Snapshot of the simulated scenario


Table 1:    Simulation Parameters

	Outdoor path loss is modelled as 28+35log10(d) dB where d is the distance from the base station in metres.

Indoor path loss is modelled as 38.5+20log10(d) + Lwalls dB where the wall loss Lwalls is explicitly modelled (15/10/7 dB for external/internal/light internal walls respectively, 3 dB for doors, and 1 dB for windows).

	Shadow fading is modelled as random process with log-normal distribution (8 dB standard deviation for outdoor where other houses and obstacles are implicitly modelled, and 4 dB standard deviation for indoor).

	The receiver noise power is modelled as 10 log10 (kT NF W)

where the effective noise bandwidth W = 3.84 x 106 Hz,
and kT = 1.3804 x 1023 x 290 W/Hz.

The noise figure at the UE and the Home NodeB is NF[dB] = 7 dB,
at the macro-cell receiver a value of NF[dB] = 4 dB is assumed.

	The macro-cell antenna gain is calculated as
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Figure 2: Example of path gain for a Home NodeB located in the centre of a house.
The macro-cell downlink transmit power is set such that the received signal to noise ratio inside of a house at the cell edge is 10 dB assuming an additional wall loss of 15 dB. As a result the obtainable throughputs from the macro-cell are mainly interference limited. The Home NodeB power is controlled as described in Section 2. It is assumed that each UE connects to the base station (home or macro) with the best downlink signal to interference ratio (i.e. open access).
Throughput statistics are obtained for Home NodeBs located in the 3 sectors covered by the central macro-cell, such that interference from the adjacent cells can be taken into account. It is assumed that the transmissions to multiple users are scheduled in time as in HSDPA. Thermal noise is modelled as AGWN. Inter-cell and inter-sector interference is modelled as a zero-mean circularly symmetric complex Gaussian process whose variance equals the sum of the powers received from adjacent co-channel cells. Then, the obtainable throughput in each location of the scenario is calculated assuming an operation [dB] = 3 dB from the Shannon capacity limit [4], dependent on the SINR at this location as 
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where W = 3.84 x 106 Hz is the channel bandwidth. In the downlink, interference resulting from all macro-cell sectors and all Home NodeBs is taken into account. In the uplink, interference resulting from all currently active UEs is considered. Macro-cell UEs are located randomly in the coverage area of each sector (1 active UE per sector at each time instant). Home NodeB UEs are located randomly in each house (1 active UE per Home NodeB at each time instant).
4.
Simulation Results

System level simulations were performed to identify the possible downlink and uplink throughputs at any location of the scenario for both macro-cell and Home NodeB for co-channel operation. The simulated resolution is 40 m for the macro-cell throughput. Areas where Home NodeBs are deployed were simulated with a higher resolution of 0.6 m. 100 simulation iterations were performed with different shadow fading values, house and Home NodeB locations for each scenario to collect throughput statistics from which cumulative distribution functions (CDFs) of the possible throughputs were derived. In order to evaluate the impact of different numbers of deployed Home NodeBs on the macro-cell performance, the scenario was also simulated with 0, 10, and 100 Home NodeBs per sector.

4.1 
Downlink Results
Figure 3 shows the throughput CDFs for the downlink of both macro-cell and Home NodeB with different numbers of N active Home NodeBs. It is shown that the drop in macro-cell throughput as a result of the additional interference caused by 10 or 100 deployed Home NodeBs is only minimal, which is essential for a successful Home NodeB deployment. This is due to the low transmit power in the downlink used by the Home NodeBs and the wall separation. It is also shown that the theoretically achievable Home NodeB throughput is very high, so that in most of the cases higher order modulation likes 64 QAM would be required to achieve it. The high indoor SINRs are a result of the small distance to the Home NodeB and the wall separation which shields the signal from interference. It is also shown that increasing the number of Home NodeBs from 10 to 100 does not significantly affect the downlink Home NodeB throughput due to the small cell size and the strong wall separation between houses. Therefore, large numbers of Home NodeBs can be deployed in the same frequency of an existing macro-cell network without causing a significant downlink performance degradation of the macro-cell network, when open access to the Home NodeB is granted.
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Figure 3: CDF of downlink throughputs for locations within the central macro-cell for both macro-cell and Home NodeBs.
Figure 4 shows one example of a corresponding downlink throughput distribution around the central macro-cell with 10 deployed Home NodeBs per macro-cell sector, for clarity shown without shadow fading. As expected, the macro-cell throughput is highest close to the base station and in the directions of the main lobe of the directional antenna for each sector and falls off towards the edge of each sector due to the lower signal levels and increased interference from neighbouring sectors. The spikes of higher throughput shown are in locations where Home NodeBs are deployed.
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Figure 4: Example throughput distributions in the area around the central macro-cell for the downlink with 10 Home NodeBs per sector (for clarity shown without shadow fading).
Figure 5 shows one example of a downlink throughput distribution around one of the Home NodeBs located at the coordinates [100m, 300m] within the central macro-cell, for clarity shown without shadow fading. As a result of the short distances to the Home NodeB and the walls that shield the house from interference, the achievable indoor throughputs are very high. Outside of the house the throughput is reduced since those areas are mainly covered by the macro-cell which provides the strongest signal, and the interference caused by Home NodeBs and other macro-cells is higher than indoors.
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Figure 5: Example throughput distributions in the area around a Home NodeB at the location [100m, 300m] for the downlink (for clarity shown without shadow fading).
4.2
Uplink Results
Figure 6 shows the throughput CDFs of the same scenario for the uplink. As for the downlink, the drop in the macro-cell uplink performance resulting from the addition of 10 or 100 active Home NodeBs is minimal. This is a result of the uplink power control for Home NodeB UEs that limits the interference caused to macro-cell UEs to a pre-defined level. Despite this maximum uplink power limitation it is shown that the possible throughput of Home NodeB UEs is very high as a result of high signal to interference ratios due to the small distance to the Home NodeB and the wall separation to the macro-cell. When the number of Home NodeB UE transmissions in increased from 10 to 100 per macro-cell sector, the maximum allowed interference per UE is reduced by a factor of 10. Therefore, the SINR can drop to up to 10 dB, resulting in a reduction in uplink throughput.
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Figure 6: CDF of uplink throughputs for locations within the central macro-cell for both macro-cell and Home NodeBs.

Figure 7 shows one example of a corresponding uplink throughput distribution for 10 deployed Home NodeBs per macro-cell sector, for clarity shown without shadow fading. As expected, the achievable uplink throughput is high in direction of the main lobe of the directional antenna of each sector close to the base station and falls off with increasing distance. The levels of achievable throughput are different for each sector, since they depend on the interference from currently transmitting mobiles in the neighbouring sectors which are randomly located within each of the sectors. The spikes of high throughput are in locations with Home NodeB coverage.


[image: image9]

Figure 7: Example throughput distributions in the area around the central macro-cell for the uplink with 10 Home NodeBs per sector (for clarity shown without shadow fading).
Figure 8 shows one example of an uplink throughput distribution around one of the Home NodeBs located at the coordinates [100m, 300m] within the central macro-cell, for clarity shown without shadow fading. It is shown that the achievable indoor throughput is very high. This is also the case for area outside with good channels to the Home NodeB such as in front of windows within the range where the received downlink signal is from the Home NodeB is still the strongest.
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Figure 8: Example throughput distributions in the area around a Home NodeB at the location [100m, 300m] for the downlink (for clarity shown without shadow fading).
5.
Conclusions

In this contribution, the feasibility of the co-channel deployment of Home NodeB in an existing macro-cell network has been investigated using system level simulations. And key requirements such as power configuration and open access have been discussed. The simulation results have shown that co-channel deployment of Home NodeB can be achieved with only minor impact on the macro-cell throughput if power configuration and open access are used in the system.
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