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1 Introduction
‘E-DCH Decoupling’ ([1] section 7.1.3.6) has been suggested as a solution to channel reliability and interference problems in SHO, in the co-channel HetNet scenario. In this document, we discuss the merits of this, as well as other RRM solutions to the problem.
2 Discussion

2.1 The Reference Scenario
The reference scenario discussed here occurs when the UE is in SHO between a macro and an LPN cell, with the macro acting as the serving cell.

The primary problem occurring in this scenario is insufficient UL control information coverage at the serving macrocell. As UE UL TX power is determined by the nearby LPN, UL control channels may not reach the serving macrocell. Some mechanisms have been proposed to address this, at the cost of reduced link efficiency. The channels in question include those carrying Node B terminated signalling, namely:

· UL related control: UL DPCCH (pilot, TFCI), E‑DPCCH, E-DPDCH (SI), S-E-DPCCH

· DL related control: UL DPCCH (TPC, FBI), HS-DPCCH
We list below some other problems being raised in this context; we consider them of secondary importance as explained in the following:

· UL increased interference towards the LPN. However, since the LPN cell is in the active set, the level of interference from the UE can be controlled by the LPN cell via TPC commands and relative grants.

· DL channel reliability from the LPN cell. However, this not a primary problem: it occurs only in the case of aggressive LPN CIO setting. CIO is a network planning parameter and, if set to a moderate value (not exceeding 3 dB), DL reliability is not expected to be a issue.
2.2 E-DCH Decoupling

‘E-DCH Decoupling’ has been suggested as a solution to the reference scenario.

The essential part of ‘E-DCH Decoupling’ is setting the absolute grant by the LPN cell, while the macro cell remains the HS-DSCH serving cell. Two approaches were proposed:

1. Absolute grants are transmitted directly on E-AGCH by the LPN cell.

2. Absolute grants are set by the LPN and passed to the macrocell (e.g. via NBAP), to be transmitted on macrocell’s E-AGCH.

The main advantage of E-DCH decoupling is that the coverage of some of the UL control channels is no longer a problem, as they now terminate at the LPN, namely:
· UL related control: UL DPCCH (pilot, TFCI), E‑DPCCH, E-DPDCH (SI), S-E-DPCCH

However, the coverage of the DL-related control channels does remain a problem:

· DL related control: DL DPCCH (TPC, FBI), HS-DPCCH

Thus, E-DCH decoupling solves the problem partially, which may nevertheless be preferred to the reference case. For example, only an HS-DPCCH specific solution is still needed, as long as the Node B is capable of reliably detecting the UL DPCCH. Otherwise, there is a risk of inefficient power control and, eventually, RL failure towards the macro cell.

2.3 Serving Cell Change towards LPN Cell
Another possible solution to the reference scenario is for the network to ensure that, whenever the active set comprises a mix of macro and LPN cells, an LPN cell is always selected as the HS-DSCH and E-DCH serving cell.

More specifically:

· When an LPN cell is added to an active set that previously contained macro cells only, the serving cell is changed in favour of the LPN cell during active set update or soon afterwards.

· When the last LPN cell is dropped from the active set, such that only macro cells remain, a serving cell change is always effected.
As a result, all of the UL control channel coverage problems are solved with a mechanism that is applicable to legacy terminals.
An early serving cell change towards the LPN (similarly, late serving cell change towards the macrocell) is a deliberate decision to nominate a cell, which may not be the strongest, as the serving cell. Therefore, a cell edge UE could experience a poorer DL from the serving LPN than the macrocell, which may be viewed a disadvantage. On the other hand, this early change can be viewed as a desirable feature; in fact, it is an LPN cell expansion and traffic uptake mechanism.
In an extreme case, an LPN cell frequently appearing in/disappearing from the active set could cause serving cell ‘oscillation’ and increased signalling, compared to the reference case. However, UE reporting events which trigger active set changes are usually parameterized with hysteresis to avoid the oscillatory behaviour. Further safeguards can be implemented in the RNC. Additionally, the cost of serving cell signalling is low as this can be accomplished as part of active set update. Finally, the ‘E-DCH decoupling’ approach is expected to require a similar level of signalling as serving cell change described here.
3 Conclusion
We discussed E-DCH decoupling and Serving Cell Change as mechanism to address UL control channel coverage in co-channel HetNet scenarios. We propose that serving cell change, available in the standard, is considered a reference for elaborating the advantages of E-DCH decoupling.
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