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1 Introduction
During RAN#56, a study item (SI) was initiated on UMTS Heterogeneous Networks [1]. Deployment of low-power nodes (LPNs) is seen as a powerful tool to meet the ever-increasing demand for mobile broadband services. A LPN may correspond, for example, to a remote radio unit (RRU), pico, or micro base station, allowing expanding the network capacity in a cost-efficient way. A network consisting of traditional macro NodeBs and LPNs is referred to as a heterogeneous network. Two examples of use-cases for heterogeneous network deployment that may be envisioned are coverage holes and capacity enhancement for localized traffic hotspots. One objective with the SI is to “Investigate uplink and downlink imbalance effects to uplink and downlink performance due to range expansion and identify potential mitigation techniques”. 
In this contribution, we discuss the robustness of downlink control channels in heterogeneous networks. 
2 Robustness of Downlink Control Channels

In a heterogeneous network, it is useful to be able to control the level of offloading. For example, when the macro cell is overloaded while the small cell served by the LPN is very much idle, it is desirable to encourage offloading from the macro to small cell. Increasing the traffic uptake in a small cell by increasing its service area is referred to as LPN range expansion. In a UMTS network, there are existing mechanisms that can be used to achieve LPN range expansion. 
However when the small cell becomes the serving cell for UEs in the so-called imbalance region, DL signals from LPN, both data and control, need to overcome strong interference from the macro BS. Thus in this case, offloading DL traffic becomes relatively expensive in terms of LPN resources. In fact, in some cases in order to support UE’s data session, control signaling alone (HS-SCCH, E-AGCH, E-HICH, E-RGCH, and F-DPCH) may consume a significant portion of LPN power.
3 Simulation Model

To illustrate the cost of LPN range expansion, we evaluate the performance of an example downlink control channel, HS-SCCH, using link level simulations for the Case 3 channel.  Simulation model as described in [2] is used. Two types of receivers are used for our analysis. We normalize the received power from the LPN as 0 dB and consider different received power levels for the macro signal, which is denoted by Ioc. Figure 1 shows the power, in terms of Ec/Ior, required to achieve message error probability of 0.1. It can be observed that with Type 3i receiver when Ioc= 10 dB, the transmission power should be increased by 5 dB to maintain the same message error probability as the case of Ioc= -10 dB.  It can be observed that when the UE uses a Type 1 receiver, the power requirement (Ec/Ior) at Ioc = 10 dB is 15 dB higher in order to maintain the same message error probability as the case of Ioc= -10 dB.
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Figure 1 Impact of HS-SCCH channel performance with the Interference power
4 Conclusions

In this contribution, we discuss the performance of downlink control channel in co-channel deployment scenarios. We illustrate that one of the costs for facilitating LPN range expansion is an increase in downlink signalling power allocation.
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