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1	Introduction
A work item on Heterogeneous Network enhancements was introduced at the last RAN plenary [1]. One of the aspects to be considered is the reliability of HS-DPCCH and other control channels. In this contribution, solutions that were proposed in the TR [2] are discussed further with a focus on those solutions that may need to be specified in Rel-12. 
[bookmark: OLE_LINK6]2	Background
[bookmark: OLE_LINK222]The issue of control channel performance in Hetnet scenarios has been studied in detail during the SI. An illustration of the problem as shown in the TR is also shown in Figure 1 for reference.


Figure 1: Illustration of the UL/DL imbalance in a Heterogeneous network
The main regions where problems are anticipated are in the region A-C and C-B.
· Region A-C
· In this region the UE is not in soft handover and therefore there are no concerns about the performance of control channels since Macro power control would be able to ensure adequate control channel decoding performance. The main issue in this region is the interference caused by the UE to the LPN. Solutions to resolve this have been proposed and captures in the TR in Section 7.1.6. These are not the focus of this document.

· Region C-B
· In the region the UE is in soft-handover with a stronger UL to the LPN. Therefore, control channels that need to be reliably received at the Macro are affected. Solutions for these have also been suggested and discussed in Section 7.1. In this document, we consider the more promising solutions that have been suggestions and consider whether any enhancements in Rel-12 can be made to improve performance.
Solutions for Legacy UEs
Solutions to resolve the imbalance for legacy UEs have been proposed and it is considered that many of them would be quite effective in addressing the problems raised. These solutions can be implemented in the network without any changes to L1 aspects. Consequently, these do not have an impact on the RAN1 specifications and do not require further consideration. 
In this document, we only consider whether any changes to the specification can be made to improve control channel performance for Rel-12 UEs. We also only consider the impact to the UL control channels alone since the performance of DL control channels has been found to be adequate for CIO values under 6dB. 
[bookmark: OLE_LINK11]Proposal 1: Only solutions that require changes to the specifications are discussed in RAN1.
3	Solutions for UL/DL Imbalance for Rel-12 UEs
The control channels affected in Region C-B in Figure 1 are as follows:
· HS-DPCCH
· Ensuring reliable reception of the HS-DPCCH at the Macro cell is considered to be one of the main aspects to be resolved. The performance at the LPN when the UE is in Multiflow also needs to be considered. Solutions that may require changes to the specifications are discussed below.

· E-DPCCH Happy Bit
· Since the UE is in soft handover, the E-DPCCH is expected to be received reliably at the LPN. The only aspect of E-DPCCH performance that needs to be considered is the reception of the happy bit. It is considered that any solutions that are specified for HS-DPCCH performance can also be used for the E-DPCCH channel. Therefore, we do not consider evaluations of the E-DPCCH explicitly to be necessary.
· SI
· The quality of SI reception affects the grants that are allocated on the downlink. Therefore, it is important to ensure adequate SI reception at the serving cell. Solutions to address this issue at least for Rel-12 UEs that have been proposed at E-TFC selection backoff and E-DCH decoupling. These have been discussed in the TR in sections 7.1.3.5 and 7.1.3.6. However, further study to adequately evaluate the impact of these solutions is necessary. For instance, the impact on the UL throughput and the power control aspects need to be investigated for E-TFC selection back-off.
The solutions for resolving UL/DL imbalance for HS-DPCCH are as follows:
SIR Manipulation
In this scheme the DPCCH SIR target is increased to provide a better phase reference to the HS-DPCCH at the Macro cell. The RNC estimates the mismatch between the macro and the LPN and adjusts the DPCCH set point to ensure adequate HS-DPCCH decoding performance at the Macro cell. The E-DPDCH power offsets are also correspondingly lowered to ensure that there is no excess Ec/No seen at the LPN cell. 
While this scheme can achieve adequate reliability in control channel performance, it’s questionable whether it can be robust or timely enough to counteract changes in imbalance. The main issue is that the RNC would have to accurately estimate the imbalance in a timely fashion and also compute the revised reference beta factors that optimize link efficiency. If sub-optimal beta factors are used, the link efficiency can be severely impacted. 
One possible optimization is to signal the revised beta factors via L1 signalling. The Macro could also estimate the imbalance by measuring the received DPCCH SIR and correspondingly increase the setpoint to ensure that the DPCCH is received at a target SIR value. The Macro can also signal the revised beta factors to the UE via HS-SCCH orders.
However, the revised setpoint and the beta factors would also have to be communicated to the LPN via the RNC. If the LPN does not receive this information in a timely fashion, then the change in the setpoint by the Macro would have limited benefits and may indeed be detrimental to performance. 
Disabling LPN Power Control
In this scheme, the power control from the LPN is disabled to ensure an adequate SIR target at the Macro. This can be done wither by an HS-SCCH order or by simply always signalling TPC values of +1 by the LPN. In addition, the beta factors would also have to be adjusted to ensure link efficiency at the LPN and reduce the amount of interference. The RNC would be able to detect the imbalance, indicate the change to the power control procedure to the LPN and also signal the revised beta factors. However, as in the previous scheme, it is not clear whether this scheme would be able to be effective or timely in dynamic conditions.
A possible Rel-12 optimization is to signal the revised beta factors as in the previous scheme. In general, the performance of this scheme is expected to be similar to that of the previous scheme if optimal beta factors are used for each imbalance scenario. However, as in the previous case, any optimization requires coordination between the Macro and the LPN in a timely manner. Two actions are necessary for this scheme to be really effective:
· The LPN disables power control to the UE
· Macro signals the revised beta factors in accordance with the imbalance. 
Since the RNC would have to initiate this process and convey the necessary information to both the Macro and LPN, it is again not clear these would be communicated to the UE in a timely fashion to address a particular imbalance scenario.
Introduction of a Secondary Pilot
A secondary pilot is introduced to act as the phase reference for the HS-DPCCH channel at the Macro. It is power controlled only by the Macro cell. The data decoding performance is unaffected since the E-DPCCH and E-DPDCH are still referenced to the primary pilot.
One of the benefits of the secondary pilot is that the reliable reception of the HS-DPCCH is ensured even as the imbalance changes due to the Macro power control. The impact to the LPN is also minimized since the additional impact is only due to the secondary pilot as the data channels are not affected. The secondary pilot can also be used as the phase reference for the E-DPCCH channel thus ensuring its reliable reception as well. The Macro cell could trigger the secondary pilot using HS-SCCH orders whenever the DPCCH SIR is below the required target for HS-DPCCH reception. Coordination between the Macro and the LPN is not required in this case.
It should be noted that the introduction of a secondary pilot requires more changes to the physical layer than the other schemes considered. Additional implementation complexity is also introduced since the UE and the NodeB have to transmit and receive an additional channel. On the downlink the Macro may need to send power control commands for both the pilots which may need additional F-DPCH resources. These aspects should be considered in conjunction with the benefits offered by the scheme.
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Proposal 2: The schemes to be considered for HS-DPCCH reliability are:
· SIR Manipulation
· Disabling LPN Power Control
· Introduction of a Secondary Pilot

[bookmark: OLE_LINK79]3	Conclusions
The issue of the reliability of uplink control channels and especially the HS-DPCCH channel was discussed in this contribution. Solutions that only affect the Rel-12 specifications are considered and the most promising of the solutions are discussed. The following proposals are made:
Proposal 1: Only solutions that require changes to the specifications are discussed in RAN1.
Proposal 2: The schemes to be considered for HS-DPCCH reliability are:
· SIR Manipulation
· Disabling LPN Power Control
· Introduction of a Secondary Pilot
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