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1
Introduction

Interference management is crucial for enabling Home NodeB (HNB) deployment. In this contribution, we study the impact of HNB and macro interference on the uplink performance. In particular, we use simulations to investigate the impact of HNB and macro interference on the uplink throughput of Macro UEs (MUEs) and Home UEs (HUEs) in a co-channel HNB-macro deployment. In addition, we demonstrate the effect of enforcing a minimum path loss between MUEs and HNBs.
2
Scenario and Simulation Assumptions
We consider a HNB-macro model similar to the one described in [1]. In particular, we consider a 3-cell wraparound model and drop N HNBs/HNUEs and 10 MUEs in each cell. We assume restricted association for the HUEs; that is, each HUE is allowed to communicate only with its own HNB. Each HNB is assumed to serve only one HUE. In addition, we assume that MUEs and HUEs use the same frequency (i.e., co-channel deployment). The parameters for the propagation model are listed below. More details about the propagation model are given in [1].

· ISD=1km

· House size is 12mx12m

· Wall partition loss, W, is 5dB

· Minimum wall separation, dw, is 2m

· Probability that a MUE is inside a macro house (a house with no HNB), pMUE, is 0.3

· Probability that a HUE is inside a house, pHUE, is 0.8
· The outside wall penetration loss, Low, is 10dB with probability 0.8 and is 2dB with probability 0.2 (to account for windows)
We assume a single-path stationary channel which is a modified Rician channel with K factor of 10 dB and 1.5 Hz Doppler fading scaled by a complex Gaussian random variable which is kept constant throughout the simulation for a given user.  The MUEs and HUEs are assumed to transmit full-buffer traffic using 2ms TTI HSUPA. The maximum number of transmissions is set to 4. Power control is enabled for both MUEs and HUEs. The maximum transmit power for the UEs is set to 24dBm and the minimum transmit power limit for the UEs is set to a very low value so that the UEs do not hit the minimum transmit power limit. 
3 Simulation Results and Discussion
We run uplink simulations for the scenario described in the previous section for different number of HUEs/HNBs per cell. In particular, we run simulations with 10 MUEs and 0, 6, 21, 51, and 99 HUEs/HNBs per cell for 10 drops. We consider two cases. One in which the minimum path loss between MUEs and HNBs, X, is 37dB which corresponds to 1m separation. In the other case, X is set to 80dB. 
A UL scheduler is assumed at the MNBs and HNBs which enforces a noise rise threshold of 5dB. In addition, as a minimum grant, it is assumed that a 129-bit packet is transmitted by the UE even when the noise rise is above the 5dB threshold unless there is a headroom limitation.   
Figure 1 and Figure 2 show the throughput distributions of MUEs and HUEs, respectively, for the case of X=37dB. The throughput distributions for the case of X=80dB are shown in Figure 3 and Figure 4. The following observations can be made from the figures.
Since each HNB serves only one HUE, the throughput of a HUE can reach 1400 kbps. However, because of restricted association and inter-HNB interference, the throughput of the HUEs suffers considerably. In addition, when we enforce a minimum of 80dB path loss between the MUEs and HNBs, the throughput of the HUEs improves due to the reduction of the interference caused by MUEs. Furthermore, due to the interference caused by HUEs, the throughput of MUEs degrades as the density of HUEs increases.
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Figure 1. User throughput distribution for MUEs for X=37dB
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Figure 2. User throughput distribution for HUEs for X=37dB
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Figure 3. User throughput distribution for MUEs for X=80dB
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Figure 4. User throughput distribution for HUEs for X=80dB

4 HNB Scheduler Modification 

We saw in the previous section that due to inter-HNB interference and restricted association, the throughput of the HUEs suffers significantly. In order to improve the performance of the HUEs, we modify the uplink scheduler at the HNB so that HNBs operate at a different mode compared to MNBs. First we allow a higher noise rise (i.e., Rise over Thermal) operation at the HNB compared to MNB and secondly we increase the minimum scheduled packet size on the UL of HUEs compared to MUEs. 

As an example we allow a noise rise threshold of 30dB (instead of 5dB) at the HNB and in addition, we increase the minimum scheduled packet size from 129 bits to 2020 bits. The simulation results based on the modified HNB scheduler are shown in Figures 5-8 for cases of X=37dB and X=80dB. 

We observe from the figures that the modification in the HNB scheduler results in a significant improvement in HUE throughput. At the same time, since the HNB is more aggressive in scheduling HUE packets, the interference caused by the HUEs increases, and as a result, the throughput of MUEs degrades. In addition, as before, when we enforce a minimum of 80dB path loss between the MUEs and HNBs, the throughput of the HUEs improves due to the reduction of the interference caused by MUEs. 
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Figure 5. User throughput distribution for MUEs for X=37dB with modified HNB scheduler
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Figure 6. User throughput distribution for HUEs for X=37dB with modified HNB scheduler
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Figure 7. User throughput distribution for MUEs for X=80dB with modified HNB scheduler
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Figure 8. User throughput distribution for HUEs for X=80dB with modified HNB scheduler
5 Conclusions

In this contribution, we have studied HNB-macro interactions on the uplink for a co-channel deployment. We have investigated the impact of the interference caused by the HUEs on the throughput of the MUEs and vice versa. 
Our analysis shows that co-channel operation of Home NodeBs and Macro NodeBs is possible in low density HNB deployments. We have also shown that even simple modifications in the HNB UL scheduler can result in significant improvements in the throughput performance of the HUEs. 
More detailed analysis of radio resource management techniques is required for HNBs. Note that these radio resource management methods need to be applied uniformly among different HNBs; otherwise, if neighboring HNBs utilize different radio resource management techniques, similar performance can not be guaranteed. 
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