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1 Introduction
In this contribution we evaluate interference conditions in a macro network with deployed closed access HeNBs. We focus on the deployment in from [1] with 5x5 femto cluster per macro cell.
2 Modelling
We simulate the deployment in Section A.2.1.1.2 of [1]. Specifically, we drop one 5x5 femto cluster per cell, where each femto cluster consists of a grid of apartments of equal size 10 m by 10 m. Only a subset of apartments is populated with an active HeNB – for a given number of active cells, the actual cells are chosen uniformly at random. We do not consider short term fading and assume 60 UEs per macro cell a fixed percentage (35% or 80%) of the UEs are inside the femto cluster. Femtocells are assumed to be closed subscriber group (CSG), and hence, the macro UEs cannot be associated with the HeNBs.

We simulate a variant of a smart autonomous power control algorithm based on measurements at HeNBs [2], which could be considered baseline Rel 8/9 interference management technique. The goal of the algorithm is to minimize interference to macro network and yet ensure HeNB coverage in the vicinity of the apartment. This algorithm relies on the measurements made at the HeNB. At a given HeNB, denote the received signal power from macro eNB i (determined via direct measurements) as Pi, where the indices i are ordered in decreasing amount of received power. Then the power at HeNB PHeNB is set such that at a point which has 80dB path loss from the HeNB will have an (estimated) CtoI of -3dB. Specifically, PHeNB is set such that:
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Maximum transmit power of HeNB is limited to 20 dBm. 
3 Results

We vary the number of active HeNBs from 1 to 5, which corresponds to cases where 4% to 20% of apartments are deploying HeNB. For each considered case we demonstrate the impact on decode SINR the radio link monitoring procedure for the macro UEs [3]. We illustrate that resource partitioning (TDM is shown in this contribution) significantly improves decoding SNI and occurrence of radio link failure (RLF) can practically eliminated, but only if radio link monitoring is performed on the protected resources. The simulation results are shown in Figure 1 - Figure 9 below. 

Results with 5 HeNBs per cluster:
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(a) Avg. decoding SINR at UEs for  all subframes          
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(b) CDF of fraction of frames in RLF at different UEs; 87% of indoor UEs are in RLF more than 90% of the time.

Figure 1: 5 HeNB per cluster: HeNBs transmit in every subframe; macro UE decode SINR is averaged over all subframes and fraction of time UE experience RLF when radio conditions are averaged across all subframes
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(a) Avg. decoding SINR at UEs for odd and even subframes
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(b) CDF of fraction of frames in RLF at different UEs; 81% of indoor UEs are in RLF more than 90% of the time.

Figure 2: 5 HeNB per cluster: HeNBs transmit in even subframes; macro UE decode SINR is averaged over odd subframes and fraction of time UE experience RLF when radio conditions are averaged across all subframes.
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(a) Avg. decoding SINR at UEs for odd and even subframes
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(b) CDF of fraction of frames in RLF at different UEs; RLF is prevented.

Figure 3: 5 HeNB per cluster: HeNBs transmit in even subframes; macro UE decode SINR is averaged over odd subframes and fraction of time UE experience RLF when radio conditions are averaged across odd subframes only.

Results with 3 HeNBs per cluster:
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(a) Avg. decoding SINR at UEs for  all subframes 
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(b) CDF of fraction of frames in RLF at different UEs; 71% of indoor UEs are in RLF more than 90% of the time.

Figure 4: 3 HeNB per cluster: HeNBs transmit in every subframe; macro UE decode SINR is averaged over all subframes and fraction of time UE experience RLF when radio conditions are averaged across all subframes.
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(a)  Avg. decoding SINR at UEs for odd and even subframes
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(b) CDF of fraction of frames in RLF at different UEs; 69% of indoor UEs are in RLF more than 90% of the time.

Figure 5: 3 HeNB per cluster: HeNBs transmit in even subframes; macro UE decode SINR is averaged over odd subframes and fraction of time UE experience RLF when radio conditions are averaged across all subframes. 
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(a) Avg. decoding SINR at UEs for odd and even subframes
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(b) CDF of fraction of frames in RLF at different UEs; RLF is prevented.

Figure 6: 3 HeNB per cluster: HeNBs transmit in even subframes; macro UE decode SINR is averaged over odd subframes and fraction of time UE experience RLF when radio conditions are averaged across odd subframes only. 
Results with 1 HeNBs per cluster:
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(a) Avg. decoding SINR at UEs for all subframes 

[image: image15.emf]0 10 20 30 40 50 60 70 80 90 100

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

fraction of time in RLF

cdf

 

 

outdoor

indoor


(b) CDF of fraction of frames in RLF at different UEs; 40% of indoor UEs are in RLF more than 90% of the time.

Figure 7: 1 HeNB per cluster: HeNBs transmit in every subframe; macro UE decode SINR is averaged over all subframes and fraction of time UE experience RLF when radio conditions are averaged across all subframes. 
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(a) Avg. decoding SINR at UEs for odd and even subframes
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(b) CDF of fraction of frames in RLF at different UEs; 28% of indoor UEs are in RLF more than 90% of the time.

Figure 8: 1 HeNB per cluster: HeNBs transmit in even subframes; macro UE decode SINR is averaged over odd subframes and fraction of time UE experience RLF when radio conditions are averaged across all subframes. 
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(c) Avg. decoding SINR at UEs for odd and even subframes
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(d) CDF of fraction of frames in RLF at different UEs; RLF is prevented.

Figure 9: 1 HeNB per cluster: HeNBs transmit in even subframes; macro UE decode SINR is averaged over odd subframes and fraction of time UE experience RLF when radio conditions are averaged across odd subframes only. 
Based on the simulation results, we can make the following observations:

· Even when the HeNBs utilize power control algorithm, a large fraction of macro UEs which are indoors have a received SINR of less than -6 dB. These UEs are effectively in outage. They cannot reliably decode the control channel and are experiencing radio link failure. 
· The degradation in CtoI for macro UEs which are outdoor is much less than that of indoor UEs. This is because macro UEs are distributed uniformly throughout the cell and there is a penetration loss of 20 dB from inside to outside the cluster due to external walls. 

· While the CDFs of CtoI for indoor and outdoor UEs do not change as the fraction of indoor and outdoor UEs is changed, the overall CtoI CDF does depend on this fraction. 

Note that we had also studied DL power control algorithm in [4][5] under different cell layouts (both HeNBs and macro network) and showed smaller impact on macro UEs. Overall, we conclude that severity of the problem varies depending on the deployment rates of HeNBs, and cell layouts. DL autonomous power control algorithm in general reduces the interference caused by HeNB to macro network, but is cannot be considered robust stand-alone solution, particularly when deployment rates of HeNBs increase or when a significant fraction of macro UEs are indoors.. 

Resource partitioning schemes can significantly improve decode SINR and hence allow macro UE to receive data, regardless of HeNB deployment rates. In this case, however, it is necessary that radio link monitoring procedure is executed only on the protected resources. Otherwise, macro UEs are likely to declare RLF, even though decode SINR could be sufficiently good on large fraction of resources (subframes).  
4 Conclusions 
Based on the simulation results for the 5 x 5 femto cluster per cell case, we conclude that the baseline autonomous DL power control Rel 8/9 interference management technique is not adequate for all CSG deployments. Large fraction of macro UEs can experience radio link failure.
We have illustrated that the outage of macro UEs can be prevented if resources are partitioned (time domain partition is illustrated) between HeNBs and macro network and macro UE execute radio link monitoring procedure only on the resources where HeNBs do not create dominant interference.   
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