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1 Introduction

One of the objectives of the UMTS HetNet WI is [1]:

· Specify a solution to ensure the reliability of HS-DPCCH and other uplink channels (DPCCH, E-DPCCH and E-DPDCH), considering the introduction of additional channels or dynamic power adjustments of control and data channels.

The reliability of HS-DPCCH is affected when a UE is in the SHO region between LPN and macro cell since the LPN would dominate the ILPC.  In RAN1#76 [2], the following solutions were identified:

· Solution 1: Virtual secondary pilot (Proposal 3 in [2])

· Solution 2: Dynamic rate and power adjustment [3]

· Solution 3: Dynamic SIR manipulation (1st solution in [4])

· Solution 4: Secondary pilot [4]

· Solution 5: Dynamic LPN ILPC restriction (2nd solution in [4])

This contribution discusses the specification impact of these solutions.
2 Discussions
Figure 1 shows a macro and LPN in a HetNet deployment where the difference in macro and LPN transmission powers leads to an UL-DL imbalance region.  The power control of a UE in SHO in the imbalance region would be dominated by the LPN and consequently the uplink control channels such as HS-DPCCH that is received only by the macro cell may not have sufficient power, thereby reducing its reliability.
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Figure 1: Imbalance region in HetNet

2.1 Solution 1: Virtual Pilot

In Solution 1, for a UE in SHO between LPN & macro cell, the ILPC control of the DPCCH is only managed by the macro cell.  The offset of HS-DPCCH is relative to DPCCH thereby allowing the macro to control the quality of the HS-DPCCH.  
The E-DPCCH acts as a virtual pilot for the LPN where its offset (i.e. (ec) is being controlled by F-DPCH from the LPN.  The E-DPDCH offset (i.e. (ed) is relative to the power of E-DPCCH instead of the power of DPCCH.  The LPN can therefore manage the quality of E-DPDCH. The LPN can use E-DPCCH for channel estimation in addition to DPCCH but this is up to LPN implementation.  The virtual pilot (E-DPCCH) is not required when there is no uplink data and the LPN does not need to control the power of the UE (since DPCCH power is small, the interference that it may cause is not significant).  

There is no new physical channel being introduced in this scheme.  The UE ILPC is changed such that it reinterprets the F-DPCH from the LPN to change the E-DPCCH offset instead of the power of DPCCH.  The range of E-DPCCH offsets, (ec, may need to be increased to allow a larger range of control for LPN.  The reinterpretation and increase in the range of E-DPCCH offset would have minor impact to RAN1 specifications.  Since E-DPDCH offsets are relative to E-DPCCH instead of DPCCH, the calculation of Serving Grant is impacted but there is no change to the TBS allocation, which would have some minor impact to the MAC specifications.
2.2 Solution 2: Dynamic Rate & Power Control

In Solution 2, the ILPC is also modified (similar to Solution 1) where the LPN TPC (from F-DPCH) controls the E-DPDCH offset, i.e. the TPC replaces E-RGCH.  Meanwhile the DPCCH is only power controlled by the macro cell thereby ensuring the quality of HS-DPCCH.  In addition, the TPC command from the UE is only used by the LPN.  The macro adjusts its downlink power based on CQI feedback from HS-DPCCH.
In [3] it is noted that an optional new channel is introduced which would have impacts to RAN1 and RAN4 specifications.  Reinterpretation of ILPC commands would have minor impacts to RAN1 specifications.  

2.3 Solution 3: Dynamic SIR manipulation

In Solution 3 the DPCCH SIR target is increased to a level such that it offsets the UL-DL imbalance thereby providing higher reliability for the HS-DPCCH.  However, this method may not be robust enough to adapt to changes to the imbalance.  The range of E-DPDCH offset (ed is also reduced to limit excess Ec/No seen at the LPN.  It is therefore proposed that the macro monitors the DPCCH SIR and changes the SIR targets and power offset to adapt to changes to the imbalance.  These changes are signalled to the LPN.  The offset can be signalled to the UE via HS-SCCH orders.  
There is no new physical channel introduced in this scheme. However, a new HS-SCCH order may be required which would have RAN1 specification impact.  A new set of lower E-DPCCH offset needs to be signalled to the UE when the UE moves into SHO, which would have RAN2 impact.  New signalling is required to inform LPN on changes to SIR target and E-DPDCH offset range, which would have RAN3 specification impact.
2.4 Solution 4: Secondary pilot

In Solution 4 a 2nd uplink pilot similar to DPCCH is introduced that is only power controlled by the macro cell.  The HS-DPCCH reference is based on this new 2nd pilot whilst the E-DPCCH and E-DPDCH powers are based on the legacy DPCCH.  This would allow the macro cell to control the quality of the HS-DPCCH.  The 2nd pilot can also be used as phase reference for E-DPCCH but this is up to NB implementation.  The 2nd pilot can be triggered via HS-SCCH order.  The macro would need to send a 2nd F-DPCH to independently power control th 2nd pilot.
A new physical channel, i.e. the 2nd DPCCH is introduced which would have major impact to RAN1 and RAN4 specifications.  HS-SCCH order may also be introduced and additional F-DPCH is required which would have impact to RAN1 specifications.

2.5 Solution 5: Dynamic LPN ILPC restriction

In Solution 5, the ILPC of the LPN is disabled, which can be done by sending only +1 TPC values from the LPN or an order to the UE to ignore TPC from LPN.  In addition revised E-DPDCH offsets may need to be adjusted in accordance to the imbalance to ensure link efficiency at the LPN.  Similar to Solution 3, tracking the imbalance needs to be robust and therefore the macro may need to adapt the offset values and indicate this change to the LPN.

Similar to Solution 3, a new HS-SCCH order may be required which would have RAN1 impact.  Signalling of new beta values to the UE and LPN would have RAN2 and RAN3 impact.

3 Conclusion

The specification impacts of the identified solutions are discussed in this contribution.  Schemes that avoid introduction of a new channel would have lesser specs impact that those that introduce a new channel.  Hence Solutions 1, 3 and 5 falls into the lower-impact category.  Solution 3 and 5 have similar specification impact which impacts RAN1, RAN2 and RAN3. Solution 1 would impact only RAN1 and RAN2.  We therefore observe that Solution 1 has the least specification impact.

Observation 1: The virtual pilot solution has the least specification impact among the identified solutions to ensure reliability of HS-DPCCH channel in SHO.
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