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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. An 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 control channels in heterogeneous networks. The discussion will focus on the co-channel deployment scenario and solutions requiring standardization support. More detailed background information can be found in [2].
2 The Uplink/Downlink Imbalance Problem
The co-channel heterogeneous network deployment scenario has LPNs deployed within the macro-cell coverage area, where the transmission/reception points created by the LPNs have different cell IDs as compared to the macro cell. Since LPNs and macro NodeBs 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 (CPICH receive power) border is referred to as the imbalance region; see Figure 1. In this region, some fundamental UL problems may be encountered:
· Whenever the LPN is not included in the active set, the UE might create excessive and fluctuating interference towards the LPN. This might impact the performance of receiver algorithms and reduce the RoT budget, and therefore reduce the cell throughput in the LPN.
· Whenever the UE is in SHO (both Macro and LPN are included in the active set) and power controlled towards the LPN, it might be problematic to reliably receive essential control channel information in the serving cell (macro NodeB) due to the weak link between the serving NodeB and the UE. For example, the HS-DPCCH (which carries HARQ-ACK and CQI information to support DL data transmission) and in-band/out-band scheduling information need to be received in the serving cell with sufficient good quality. Consequences such as bad HSPA cell throughput in the serving cell, poor user throughput/experience, state-oscillations and dropped calls may otherwise be present. 
Needless to say, heterogeneous network deployments need to work for legacy users. Solutions taking legacy users into account are, for example, LPN desensitization and SINR target manipulation; see [2] for further details. Nevertheless, this does not preclude that performance enhancing features requiring standardization support are considered for Rel-12. For example, solutions targeting legacy users, such as desensitization, typically need to be dimensioned for the worst-case. Hence, users in good positions (e.g. close to LPN) will suffer since there might be users in bad positions (experiencing a large imbalance) that need to be accounted for. Rel-12 enhancements can be designed to be user-specific. One can envision that heterogeneous networks at a first stage are deployed using simple and robust means to reduce the impact of the problems discussed above, and at a later stage the performance is improved by introducing Rel-12 standardized features.
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Figure 1
: Illustration of a heterogeneous network deployment. 
3 Solutions
The remaining of this contribution will focus on reliable reception of UL control channel information in the serving Macro cell when a UE in SHO (both Macro and LPN are included in the active set) has a weak link towards the serving Macro cell due to UL/DL imbalance. An initial discussion of different solutions was provided in [2], where methods targeting legacy users as well as enhanced alternatives suited for Rel-12 capable users were considered. In the following subsections, a more detailed analysis of some of the solutions outlined in [2] will be given, with focus on the ones requiring standardization support.
From the discussion in [2], it is clear that reliable reception of the UL control channels DPCCH, HS-DPCCH and E-DPCCH in the serving cell is crucial for good system performance, whereas the data channel E-DPDCH quality might be less important, at least if in-band scheduling information is not considered. 
3.1 Power Control Restrictions
One way of ensuring a reliable uplink towards the serving cell would be to modify the existing power control procedure. Two related main tracks can be envisioned:

1. SINR target restrictions – Let the serving cell have higher priority in setting the DPCCH SINR target, for example, by introducing a floor to the SINR target that ensures a good enough uplink towards the serving cell. 

2. Inner-loop power control restrictions - Always power control towards the serving cell or at least ignoring power control commands from too strong non-serving LPN cells.
Both these approaches aim at achieving a sufficiently good uplink towards the serving cell, either by manipulating the outer-loop power control or by manipulating the fast inner-loop power control. A difference between these two schemes is that the first one relies on more long term statistics, whereas the latter one works on slot basis (following the fast fading towards the serving cell). In a scenario with a large UL/DL imbalance, both schemes would result in a power boost of all UL channels and thereby increase the UE battery consumption and interference level with worse LPN performance (e.g. reduced coverage and off-loading capacity) as a consequent. Furthermore, a consequence of the second scheme is lost/reduced power control diversity, i.e.  the DPCCH transmit power is based on the quality of a single link.
A number of enhancements to the two schemes mentioned above can be made, including:

· The interference towards the LPN can be reduced by restricting the power of E-DPDCH. This can be done by imposing additional constraints on the serving grant in the E-TFC selection procedure that ensure that the power spent on E-DPDCH is limited. Constraining the serving grant means that the gain values for E-DPDCH are restricted and therefore the E-DPDCH power is also reduced. This procedure can be either UE or network controlled. The relative grant signalling is one such network controlled mechanism that already exists. A UE controlled procedure could be to reduce the serving grant by a factor proportional to the difference in instantaneous and average DPCCH power. A benefit of letting the UE control this additional procedure would be a faster and more accurate response, whereas a drawback would be additional RAN4/RAN5 tests.
· Limiting the power spent on the E-DPDCH by constraining the serving grant, as in the previous bullet, is one alternative to reduce the interference level in the LPN. However, since a decreased serving grant also translates into a reduction in scheduled TBS, this has a potentially negative impact on the throughput performance. One way of solving this would be to not only change the serving grant, but also change the mapping from grant to TBS. The quality of the E-DPDCH, i.e. the supported TBS, is essentially determined by the total power (SINR) on E-DPDCH. Consequently, if the DPCCH SINR is increased while the βed is decreased correspondingly, the quality of E-DPDCH will be roughly maintained. Hence, the same amount of data can be scheduled even though the grant effectively has been reduced. This can be achieved by adjusting the reference values controlling the mapping from serving grant to TBS. In essence for a fixed E-DPDCH power budget, the DPCCH power has been increased, while the E-DPDCH gain values have decreased, but still the same TBS can be supported. This is one way of increasing the power of all channels except the E-DPDCH, while retaining the supported TBS. This is beneficial since the quality of control channels increases and it avoids excessive boosting of the power hungry E-DPDCH.
· One disadvantage of only power control towards the serving cell is the loss in power control diversity. Hence, it would be beneficial to be able to dynamically switch between legacy and restricted inner-loop power control. This would preserve the benefits offered by power control diversity (e.g. faster and more accurate adjustment/reduction of the transmit power) in scenarios with sufficiently well-balanced links and ensure reliable reception in the serving cell in scenarios with significant link imbalances. 
3.2 Dynamic Power Boosting

Another approach to enhance the performance of certain UL channels would be to apply dynamic power boosting. Already today it is possible to change the gain value of a physical channel via RLC signalling. One way of improving this procedure would be to move the control of gain values (delta values) from the RNC to relevant nodes. This allows more dynamic signalling of parameter settings via e.g. HS-SCCH orders instead of relying on slow RLC signalling. Furthermore, it makes it possible for a node that experiences poor reception of a channel to quickly react and order the UE to increase corresponding gain value(s). Another alternative would be to allow the UE to autonomously change its gain values. One example of an important case where UE initiated boosting could be of interest is for an initial grant request. Poor reception of an initial grant request in the serving cell causes degraded end-user throughput or in worst case no UL granted rate at all.
One problem of abandoning a centralized control of gain values (move control from RNC to NodeB or UE) is that for some physical channels all involved nodes (NodeBs and UEs) need to have a consistent view on what gain values are used. In this case it might be difficult to let the nodes operate independently of each other since that might lead to miss-matches between them. However, for other channels a unified view might be less important, making independent and dynamic gain value signalling an attractive approach. Whether a unified view on gain values is important depends on a number of factors, such as the receiver structure.

Another problem of only relying on dynamic power boosting for the channel(s) of interest is that in many cases it is the pilot quality that limits the performance. The DPCCH carries pilot bits, which are used for channel estimation, path searching, synchronization, etc. Hence, a sufficiently good DPCCH reception quality is required to ensure reliable detection of any other UL channel. Since the power of all other UL physical channels is set relative the DPCCH, by boosting the DPCCH all other channels are boosted which may be undesirable. An alternative to boosting the DPCCH could be to introduce a new pilot channel that is power controlled only by the serving cell. Furthermore, all physical channels carrying relevant control information that needs to be received in the serving cell would set their powers relative this new pilot channel. This would ensure that essential control information is received in the serving cell, while the E-DPDCH follows legacy operation, i.e. utilizes Macro diversity. A benefit of this approach is that no gain values need to be dynamically adjusted. Drawbacks include increased complexity (for transmitter and receiver) and additional testing.
3.3 Discussion

The previous two subsections discussed some solutions possibly requiring standardization support for the problem of ensuring reliable reception of essential control information in the serving cell. The objective of these methods is to solve the main problem while retaining as much as possible of the benefits offered by heterogeneous network deployments (e.g. off-loading). Furthermore, the solutions should preferably be possible to apply independently to different users, meaning that a user in a good position should not suffer much if a user in a bad position needs to employ a particular method. Yet another important point is that solutions targeting different aspects of a heterogeneous network deployment are considered. For example, the preferred solution may depend on the scenario, e.g. slow/fast backhaul, small/large imbalances, cost/complexity, as well as what information that needs to be protected, e.g. DPCCH, HS-DPCCH, E-DPCCH or E-DPDCH.
Aspects of the solutions outlined above should be captured in the technical report and preferably be further analyzed to show benefits and drawbacks. Possible aspects to cover include legacy impact, system and UE impacts (e.g. performance and robustness), etc. An initial investigation of some of the techniques presented above is presented in [3].
4 Conclusion
In this contribution, we discussed the robustness of uplink control channels in heterogeneous networks. In particular, the problem of reliably receiving UL control channel information in the serving Macro cell when a UE in SHO (both Macro and LPN are included in the active set) has a weak link towards the serving cell in the Macro due to UL/DL imbalance has been addressed. Several solutions requiring standardization support have been discussed. These methods should be further analyzed during the study item phase to show benefits and drawbacks; see, e.g. [3]. It is important to ensure that that the technical report contains solutions that target different aspects of a heterogeneous network deployment. For example, the preferred solution may depend on the scenario, e.g. slow/fast backhaul, small/large imbalances, cost/complexity, as well as what information that needs to be protected, e.g. DPCCH, HS-DPCCH, E-DPCCH or E-DPDCH.
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