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1 Introduction 
In RAN1#76bis, the reliability of HS-DPCCH under SHO operation in a HetNet deployment was evaluated and a working assumption to introduce a secondary pilot was made.  This contribution discusses some considerations of this scheme.
2 Discussion
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 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

In [1] a 2ndary pilot is proposed which is power controlled only by the macro cell.  The HS-DPCCH power would be at an offset relative to this new 2ndary pilot instead of the DPCCH.  In this way the macro is able to manage the quality of the HS-DPCCH.  The E-DPCCH and E-DPDCH are as per the current system where their power offsets are relative to the power of the DPCCH.
In [2] it was proposed that in addition to the HS-DPCCH, the E-DPCCH’s power offset should also be relative to the power of the 2ndary pilot instead of the DPCCH.  The rationale is that the Happy Bit that is carried by the E-DPCCH needs to be reliably sent to the macro cell.  In addition to this, it is also proposed that the 2ndary pilot also carries the UE’s TPC command in the uplink to ensure reliability of F-DPCH.
Introducing 2ndary pilot would consume additional power from the UE.  Having the E-DPCCH power relative to the power of the 2ndary pilot would lead to an E-DPCCH power that is more than sufficient at the LPN.  This would lead to additional power consumption by the UE thereby consuming more battery power and also uplink interference to the LPN.  

Observation 1: Having the E-DPCCH offset power relative to the power of the 2ndary pilot would lead to unnecessary power consumption at the UE and interference at the LPN.

Technically the Happy Bit is only necessary when the UE is unhappy with its current resource.  When the UE is happy with its current resource there isn’t much benefit in sending it.  Hence, it is an overkill to have to transmit the E-DPCCH frequently and at unnecessarily high power for the sake of one bit.

Observation 2: Happy Bit that is currently carried by the E-DPCCH does not need to be updated frequently.

One way to avoid unnecessary power consumption on the E-DPCCH is to use the HS-DPCCH to also carry the Happy Bit (in addition to having E-DPCCH carrying the Happy Bit).  This can be done in a TDM manner or using one of the CQI bits.  Using a CQI bit will reduce the granularity of the CQI report but the granularity can be finer at lower CQI indices (which the UE is expected to use in the SHO region) and coarser at the higher CQI indices.  Alternatively, a new uplink control channel that carries only the Happy Bit can be used – the Happy Channel (HCH) (.  Such a channel would consume significantly less power than that of an E-DPCCH since the Happy Bit would have a very high effective code rate and does not need high power. The design could re-use much of that of the E-RGCH and E-HICH, using length-40 signatures on a SF256 channel or reuse the same phsycial format as HS-DPCCH (i.e. all bits in HS-DPCCH are used to carry the happy bit).  Furthermore the HCH would be sent only when the UE was unhappy with its uplink resources.
Proposal 1: The Happy Bit is carried by a new Happy Channel (HCH), (or alternatively in the CQI field of the HS-DPCCH), as well as on the E-DPCCH.

Introducing an additional pilot would increase the amount of conformance testing and consume more battery power compared to operating with only a single pilot.  Furthermore an additional F-DPCH would be required to independently power control the 2ndary pilot.  In [2], it is proposed to send F-DPCH in a TDM manner, but this would halve the TPC update rate and there may be need to synchronise different F-DPCH rate from the macro and the LPN (LPN would presumably still be sending F-DPCH at the current rate).
The need of a 2nd physical pilot can be replaced with the virtual pilot scheme proposed in [3].  In the previous meeting the major drawback of this scheme is that the Happy Bit cannot be reliably sent to the macro.  However, if the Happy Bit is sent also on the new HCH (or on the HS-DPCCH) as described above, the reliability of the Happy Bit is no longer an issue.  Furthermore the performance of the 2nd physical pilot and that of the virtual pilot are expected to be similar [4].  Hence if a 2ndary pilot is deemed necessary in Rel-12 it is preferable to consider the use of a virtual pilot.

Proposal 2: Use the virtual pilot scheme as the 2ndary pilot.

3 Conclusion

We discuss some considerations on using physical 2ndary pilot for UE under SHO in a HetNet deployment.  We observe the following:

Observation 1: Having the E-DPCCH offset power relative to the power of the 2ndary pilot would lead to unnecessary power consumption at the UE and interference at the LPN.

Observation 2: Happy Bit that is currently carried by the E-DPCCH does not need to be updated frequently.

We therefore propose the following:

Proposal 1: The Happy Bit is carried by a new Happy Channel (HCH), (or alternatively in the CQI field of the HS-DPCCH), as well as on the E-DPCCH.

Proposal 2: Use the virtual pilot scheme as the 2ndary pilot.
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