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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”.  

The robustness of downlink control channels was discussed during RAN1#72bis and it was concluded that there is an impact on downlink control channels in heterogeneous networks [4], [5]. Even though companies agreed that there was an impact on the performance of HS-SCCH, no proper solution was agreed to improve the reception quality of HS-SCCH.
Since 3GPP is investigating solutions for improving the data channel performance with network assistance, we prefer the same solution can be applied to improve the reception quality of HS-SCCH.  In this contribution, we outline how the network assistance can be applied to improve the robustness of downlink control channels in heterogeneous networks.
2 HS-SCCH Reception with Network Assistance

As explained in [3], network assistance is a promising technique for improving the HS-PDSCH performance in the cell range expansion area. There, we recommended sending information about the interferer identifier to the victim UE.  Figure 1 shows the messages exchanged between network nodes and the victim UE during typical data call set up with network assistance. From the common pilot channel (CPICH), the UE estimates the channel and computes the channel quality information and precoding indicator. This information along with hybrid ARQ ACK/NAK is reported to the serving Node-B using dedicated physical control channel (HS-DPCCH).  The node scheduler decides the parameters like modulation and code rate (transport block size), precoding index, and rank information for the data transmission (HS-PDSCH).  This information is sent through the HS-SCCH channel. After HS-SCCH, the data channel HS-PDSCH is transmitted. Note that before the HS-SCCH signal is transmitted, UE may receive an HS-SCCH order from another interfering node informing about the other UE id and the transmission mode as shown in Figure 2.
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Figure 2 Timing diagram for HS-SCCH and HS-PDSCH
We would like to mention that if the network sends a UE identifier, then the victim UE can use this information for not only HS-PDSCH , but also cancels the interference due to HS-SCCH. For example, the UE detects the common HS-SCCH order by obtaining the information about the H-RNTI of the aggressor UE. Once it knows the aggressor UE-id, it can decode the HS-SCCH of the aggressor UE. Even though HS-SCCH is power controlled with respect to the aggressor UE, the victim UE can still decode since this is still in the macro coverage area. Once the UE decodes the agressor’s HS-SCCH, it can cancel the interference by applying interference cancellation for both the control as well as the data channel. Hence the penalty of 7 dB power increase due to the dominant interference can be minimized. Hence, we view the network assistance is a useful too not only for data traffic channel reception, but also for improving the downlink control channel.
3 Conclusions

In this contribution, we discuss the downlink control channel performance with network assistance in co-channel deployment scenarios. 
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Figure 1 Messages exchanged between network nodes and the victim UE during a data call setup.
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