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1 Introduction 
Uplink interference from HUEs to macro eNBs has been considered in several studies e.g. as described in 36.921 [1]. In some deployment types this interference can become significant particularly for co-frequency and closed access HeNBs, and as the number of HeNBs within the macro coverage area increases. 
One solution is to power control HUEs in order to limit this interference. Typically such approaches will consider the pathloss between HeNB (and/or HUE) and the victim macro eNB. One simple approach for the power control is to set a “power cap” on the uplink power from a HUE which is calculated to generate a target IoT at the victim macro eNB [1]. However such approaches do not take account of the density of HeNBs within a macrocell coverage area and can lead to inappropriate setting of HUE power. E.g. if the power cap is set relatively high then if there is a high density of HeNBs then unacceptable interference may be generated to the macro eNB, however the uplink performance for the HUE will be good. If however the power cap is set relatively low then in case of low density of HeNBs the performance of the HUE is unnecessarily restricted.

This paper presents simulation results to illustrate this issue, and shows that by the use of feedback from the macro eNB to the HeNB over X2 the power setting of the HUE can be set appropriately according to the HeNB density thus solving the problem.
2 Adaptation using X2

One potential issue with adaptation based on X2 signallling from MeNB to HeNB is latency associated with the HeNB backhaul which might be relatively high in some HeNB deployment scenarios e.g. residential deployments using DSL. However if adaptation is targeted at tracking the density of active HeNBs, rather than tracking fluctuating interference on a frame by frame basis, then the latency is not likely to be an issue since the density will only change slowly.
As mentioned in [2], in order to avoid the complexity associated with MeNB exchanging X2 information with potentially many individual HeNBs within its coverage area, one option is for the MeNB to send information to a HeNB gateway which could act as an X2 distribution function to its HeNBs, without sending information back to the MeNB.

Several options exist for the nature of the adaptation. One option is to simply use the existing X2 UL Interference Overload Indication (OI, high, medium, or low indication per RB) to indicate the allowed interference that can be generated by HUEs. In order to differentiate the IoT component due to HUEs (from that due to inter-cell MUEs) then the MeNB could periodically try sending different OI values (high, medium, low) to the HeNBs within its coverage area and select the most appropriate value based on the resulting observed IoTs .
3 Simulation Results
Uplink interference from HUE to MeNB will be most significant in cases with co-frequency deployment, where the HeNB are closed access, and where a proportion of the HUEs can be used outdoors (e.g. on a balcony or in a garden/back yard). In [3] one of the deployment models agreed in RAN4 included a suburban case where 10% of HUEs are used outdoors. Simulations were made with HeNB deployment based on this suburban deployment model, and with all MUEs assumed to be indoors. Other simulation assumptions are per 36.814 [4].
The uplink power setting is based on the power cap method [1], and four cases were simulated:

· Adaptive power cap based on X2

· Power cap based on fixed IoT target of 0.3 dB HUE (low target)

· Power cap based on fixed IoT target of 0.8 dB per HUE (medium target)

· Power cap based on fixed IoT target of 2.1dB per HUE (high target)

Figure 1 shows the average UL throughput of MUEs as a function of HeNB density for the four cases. 
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Figure 1 MUE UL Average Throughput
Figure 2 shows the 5 percentile UL throughput of MUEs as a function of HeNB density for the four cases. 
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Figure 2 MUE 5 percentile Throughput
As shown in Figures 1 and 2, the case with a fixed high IoT target (2.1 dB per HUE) leads to a significant UL throughput degradation for MeNB for higher HeNB densities but may be appropriate a lower femto densities. Both the case with a fixed low IoT target (0.3 dB per HUE), and the adaptive scheme, offer adequate protection to the macro uplink.
Figure 3 shows the average UL throughput of HUEs as a function of HeNB density for the four cases. 
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Figure 1 MUE UL Average Throughput

Figure 4 shows the 5 percentile UL throughput of HUEs as a function of HeNB density for the four cases. 
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Figure 2 MUE 5 percentile Throughput
As shown in Figures 3 and 4, the HeNB UL throughput (and particularly the 5 percentile throughput) is significantly restricted with the fixed low IoT target (0.3 dB per HUE), even for low densities of HeNBs. The adaptive approach allows significantly higher throughputs at low HeNB densities (approaching the case of the fixed high IoT target).
4 Conclusions

Simulation results show the benefit of HUE UL power control to protect macro eNB uplinks in a co-frequency deployment of macros and residential femtos. The use of X2 signaling from MeNB to HeNB allows the power setting to adapt to the density of active HeNBs. Compared to fixed schemes, this allows significantly improved HUE UL throughputs in cases with low HeNB density, while still providing adequate protection to the MeNB UL for higher densities.
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