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1. Introduction

In [1], we have introduced a dynamic rate and power adjustment solution which is able to solve HS-DPCCH issue in HetNet and improve the uplink performance. However, some concerns were raised in RAN1#76bis for this solution. In this contribution, we address the concerns and further discuss the benefit of this solution.
2. Discussion

2.1 Dynamic rate and power adjustment
This solution was introduced in [1]. The meaning of legacy TPC commands is re-interpreted as illustrated in Figure 1.
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Figure 1: Illustration of the dynamic rate and power adjustment solution
The dynamic solution is similar to the ILPC restriction + bed_ref update solution (baseline solution). In both solutions the uplink DPCCH is only power controlled by the Macro, and both solutions update the bed_ref. For a certain DPCCH Rx SIR, the E-TFCI PO that can support a certain E-TFCI with optimal link efficiency can be referred to a non-linear curve as shown in Figure 2. This curve is different when the DPCCH Rx SIR is different. In legacy systems, a set of up to 8 reference points are signaled to the UE by the RNC via RRC signaling. UE can use this set of reference points to estimate the required E-TFCI PO for a given E-TFCI. For the baseline solution, as the RNC cannot measure DPCCH at the LPN, it can only update the bed_ref according to imbalance in a semi-static way. For the dynamic solution, LPN can measure DPCCH SIR directly, and the LPN can update bed_ref via F-DPCH sequence from the LPN dynamically.
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Figure 2: Illustration of changing bed_ref when DPCCH Rx SIR changes
In order to update the bed_ref dynamically, the F-DPCH sequence should have the following features:

· The sequence should be able to change the bed_ref by setting power offset over the bed_ref configured by RRC. For example, the bed_ref curve signaled by the RNC is the solid curve in Figure 2. The sequence sends a set of quantized POs so that the UE can calculate the new set of reference points accordingly.
· As the bed_ref signaled by RRC may consist of up to 8 reference points, the sequence should be able to notify the offsets to all reference points. A simple design is to use one common offset to all reference points. However, as the reference points are not linear, an optimized design should be able to send separate offsets to all reference points.

· In order to contain sufficient information and increase the reliability of the bed_ref information, the length of the sequence could be, e.g., 10ms. The detailed design of the sequence is FFS.
In order to obtain Macro diversity when imbalance is small, LPN can set the bed_ref according to the uplink imbalance and the DPCCH SIR. LPN can estimate the uplink imbalance according to the difference of SIR target set by the RNC and the actual long term DPCCH SIR. When uplink imbalance is small, LPN can just signal the F-DPCH sequence indicating 0dB PO to the original bed_ref.
When there is more than one LPN in the active set, the UE can apply the bed_ref with smallest E-DPDCH T/P. This way, the LPN’s uplink with highest DPCCH SIR is optimized. For other NodeB whose uplink efficiency is not optimized, it can still decode E-DPDCH by estimating the E-DPDCH T/P.

The outer loop power control needs to be modified. The SIR target is determined by the DPCCH BER, or HS-DPCCH BER, not the E-DPDCH IBLER. This is to have reliable HS-DPCCH reception at the Macro. The IBLER, however, is controlled by the bed_ref. A proper bed_ref is calculated so that a certain IBLER target can be reached. 

As the scheduler is still located at the Macro while the updated bed_ref is signaled from the LPN, Macro cannot know the new bed_ref directly. Here are some strategies that can be applied for the dynamic solution:

1. If the scheduler is RoT based, Macro can still measure the power level of the UE, although the bed_ref is not known. Macro can use RG to modify the grant of the UE. This kind of scheduler can be applied to the dynamic solution directly.
2. If the scheduler is rate based, it is recommended to apply the dynamic solution with E-DCH decoupling, because the grant and bed_ref are determined by the LPN. The LPN can modify the grant according to the bed_ref directly. If E-DCH decoupling is not configured, Macro can update the grant according to the imbalance measured at the RNC. However, this is semi-static and may not be fast enough.

The benefits of the dynamic solution over the baseline solution are:

· bed_ref can be updated much faster via PHY signaling than RRC signaling

· The dynamic solution can update the bed_ref when there is deep fading, while the baseline solution cannot. For example, when there is fading at the UE uplink to the LPN, the baseline solution cannot update the bed_ref because this change is too fast for RRC signaling. The dynamic solution, however, can measure the fading and signal an updated bed_ref to the UE immediately. The uplink performance during the deep fade can therefore be improved.
3. Conclusions

This contribution discusses the dynamic rate and power adjustment solution. With this solution the bed_ref can be updated dynamically according to the received DPCCH SIR at the LPN. This solution can solve the HS-DPCCH reliability issue in HetNet and improve the uplink performance when compared with the baseline solution.
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