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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 uplink and downlink control channels in heterogeneous networks. Problems and objectives are addressed. The discussion will focus on the co-channel deployment, where all nodes operate on the same UL and DL frequencies and use different cell IDs, which is one of the most important cases.
2 Background
Soft handover (SHO), also referred to as macro diversity, and fast closed-loop power control are essential features of WCDMA and Enhanced Uplink (EUL). Figure 1 illustrates a traditional HSPA deployment scenario with two nodes having a similar transmit power level. Ideally, a UE moving from the serving cell towards the non-serving cell would enter the SHO region at point A (Event 1a), at point B (Event 1d) a serving cell change would occur (non-serving cell becomes serving cell and vice-versa), and at point C (Event 1b) the UE would leave the SHO region. During SHO, the UE is power-controlled by the best uplink cell. Since the nodes have roughly the same transmit power, the optimal downlink (DL) and uplink (UL) cell borders will coincide (the path loss from the UE to the two nodes will be equal at point B). Hence, in such a setting and from a static (long-term fading) point of view, the serving cell would always correspond to the best uplink. However, in practise, due to imperfections (e.g. reconfiguration delays) and fast fading, the UE may be power controlled by the non-serving cell during SHO. In such a case, it might be problematic to receive essential control channel information at the serving cell due to the weaker link between the serving cell and the UE. For example, the HS-DPCCH (which carries HARQ-ACK and CQI information to support DL data transmission) and the scheduling information need to be received at the serving cell. Possible remedies to overcome this problem include increasing the gain factors (i.e. boosting the power), repeat the control channel information and/or rely on the HARQ gain. Note though that possible imbalances between UL and DL are (mainly) caused by fast fading in a traditional deployment, whereas for other scenarios, e.g. heterogeneous networks, other factors make the imbalance more pronounced.
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Figure 1: Illustration of SHO operation for HSPA in a traditional macro deployment.
3 Heterogeneous Network Deployments
Since LPNs and macro NodeBs in a heterogeneous network may have different transmit power levels, the uplink and downlink cell borders will not necessarily coincide. An example of this is when a UE has a smaller path loss to the LPN, while the strongest received power is from the macro NodeB. In such a scenario, the UL is better served by the LPN while the DL is provided by the serving macro NodeB. The region between the equal path loss border and equal downlink received power (e.g. CPICH receive power) border is referred to as imbalance region. In this region, some fundamental problems may be encountered. For example, when the UL to the serving cell is weak, important control information such as scheduling information and HS-DPCCH might not be reliably decoded. Furthermore, when the LPN is not included in the UE’s active set, excessive interference might result.

To address the problems described above, network parameters such as Cell Individual Offset (CIO), IN_RANGE and OUT_RANGE can be adjusted to achieve range extension; see [2] for further discussions on range extension. This will allow the SHO region to cover parts of or the entire imbalance region; see Figure 2. Such an approach is beneficial from a system level point of view but some scenarios require attention. These are listed below:
· Scenario 1 – A UE in position A may experience a poor DL from the non-serving LPN. This may complicate a reliable detection of UL related DL channels, e.g. E-HICH, E-RGCH, and F-DPCH from the LPN.
· Scenario 2 - A UE in position B has the macro as serving cell but is (in general) power controlled towards the LPN. Hence, the uplink signal towards the serving cell might be weak and thereby complicate a reliable reception of control channel information at the serving cell. Notice that the DL problems observed in Scenario 1 may also appear in this scenario. 

· Scenario 3 – A UE in position C is served by the LPN. However, its DL might be poor and thereby complicate a reliable reception of control information, such as HS-SCCH and E-AGCH.
· Scenario 4 – A UE in position D might experience a poor UL towards the non-serving macro cell and thereby complicate the uplink reception at the macro cell. This problem is however not severe, since it is enough to receive the UL information in the LPN.
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Figure 2: Illustration of SHO operation for HSPA in a heterogeneous deployment with range extension.
4 Discussion


To maximize the potential gains provided by range extension, a more detailed investigation is needed of the scenarios listed above. This will allow not only to optimize the system performance, but also to improve the link quality for UEs experiencing severe degradation in UL/DL.  Such degradation is in particular true for Scenario 2 and 3, where UL and DL problems, respectively, are observed. In Scenario 2, the macro node is the serving cell and consequently needs to receive DL related ACK/NACK information carried on the HS-DPCCH, as well as scheduling information from the UE. Scheduling information can be out-band via E-DPCCH or in-band via E-DPDCH. Furthermore, a sufficiently good DPCCH quality is required to ensure a reliable detection of the control channels. On the other hand, in Scenario 3, a DL related problem may occur when the UE fails receiving control/scheduling information from the serving LPN. The HS-SCCH and E-AGCH are two such channels that are particularly interesting since they are costly in terms of power to boost; see [2] for additional comments and results. In both these scenarios, different boosting and/or pilot based solutions can be envisioned allowing a more reliable detection performance. 

Similar issues need to be addressed in Scenario 1 and 4, although not as severe as those in Scenario 2 and 3. A DL problem may occur in Scenario 1 when the signal from the LPN is too weak. However, as it is enough to receive uplink related control information from the serving macro node only, no severe problem is foreseen. In Scenario 4, the reception of UL signalling may be degraded at the non-serving macro node, but as reception at the LPN is sufficient, no severe problem is foreseen.
The four imbalance scenarios discussed above should be further analyzed during the study item phase in order to find efficient solutions to the associated problems. This will allow a more efficient system deployment resulting in better system/link performance. The study should cover both legacy aspects as well as enhancements for Rel-12 users.
5 Conclusion
In this contribution, we discuss the legacy SHO operation between two nodes having similar power levels and consider its extension to a heterogeneous network. By properly adjusting network parameters such as Cell Individual Offset (CIO) and IN_RANGE/OUT_RANGE, the range of the LPN can be extended and the SHO enlarged to include parts of or the entire imbalance region. This kind of range expansion technique is promising for heterogeneous networks since it provides gains from a system level point of view, However, to maximize the gains provided by range extension, four key scenarios are identified where the UL/DL signaling can be improved. Studying these further will allow a more efficient system deployment resulting in better system/link performance.
The discussion has focused on the co-channel deployment, where all nodes operate on the same UL and DL frequencies and use different cell IDs, which is one of the most important cases. Other deployment scenarios might not necessarily experience the same problems as discussed here. For example, the shared cell deployment does not suffer from the UL/DL imbalance related problems considered in this contribution; see [3] for more details.
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