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Discussion/Decision
1. Introduction

During the HetNet SI, HS-DPCCH issue was discussed extensively [1]. In RAN#62, the HetNet WI was approved, and one of the objectives is to specify a solution for HS-DPCCH and other uplink channels [2]:
· 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. 

SIR target manipulation method can already provide relatively good performance for HS-DPCCH. In order to avoid generating excessive interference at the LPN by E-DPDCH, the power offset of E-DPDCH needs to be reduced. However, for legacy UE, updates of the parameters such as SIR target and E-DPDCH power offset require higher layer signalling, which may not be efficient. In this contribution, a dynamic power adjustment method, which solves the HS-DPCCH reliability issue without generating excessive interference at the LPN is discussed.
2. Discussion

2.1 Power control of control and data channels in HetNet SHO
When a UE is served by a Macro and an LPN is included in its active set, Macro could suffer poor reception quality of the HS-DPCCH due to the current power control mechanism. Figure 1 shows the radio links between the Macro and the UE, and the radio links between the LPN and the UE. Due to UL/DL imbalance, it was observed during the SI phase that [1]:
· The UL control channels are unreliable at the Macro

· The DL control channels from the LPN are unreliable 
· The UL power is strong at the LPN

· The DL control channels from the Macro are reliable 
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Figure 1 Radio links between the Macro/LPN and the UE in SHO with Macro as the serving cell
If UL control channels are unreliable at the Macro, then performance of HS-DSCH service will be degraded due to poor feedback of ACK/NACK and CQI. 
If DL control channels from the LPN are unreliable at the UE, then LPN would suffer excessive E-DPDCH interference from the UE. 
The reception quality of UL control channels at the Macro can be improved by SIR target manipulation via implementation means [1]. With SIR target manipulation, the excessive E-DPDCH power at the LPN can be reduced by configuring a lower E-DPDCH power offset. 
The reception quality of DL control channels from the LPN can be improved by power backoff at the LPN. 
Although the above issues can be solved by implementation methods, there are some drawbacks.
· Updating SIR target and E-DPDCH power offset values in legacy systems requires slow higher layer signalling.

· The DL power control for the LPN control channels is inefficient. Additional power is required at the LPN.

Additional pilot method introduced in [3] is expected to solve the UL control channel issue more dynamically, however, it requires increased complexity at NodeB side and UE side. In this contribution, a dynamic power adjustment method to improve the performance of the control and data channels for the SHO UEs is discussed. It only requires a re-interpretation of the meaning of TPC commands between Macro/LPN and the SHO UE.
2.2 Dynamic power adjustment of control and data channels
In order to have sufficient quality of HS-DPCCH at the Macro while not generating excessive E-DPDCH power at the LPN, the meaning of legacy TPC commands for the dynamic power adjustment method is re-interpreted as illustrated in Figure 2.
[image: image2.emf]Macro

LPN

UL boundary DL boundary

SHO Area


Figure 2 Dynamic UL power adjustments for UE in SHO with Macro as the serving cell 
· At the UE side:

UL DPCCH power is assumed to only follow the TPC commands from the Macro. The E-DPDCH power offset to DPCCH is assumed to follow the TPC commands from the LPN, meaning that the TPC from the LPN is able to control the excessive power of E-DPDCH.

· At the Macro side:
For the UL, Macro receives UL DPCCH and generates UL TPC commands according to the measured UL DPCCH SIR. For the DL, the power of F-DPCH transmitted from the Macro does not follow the DL TPC commands sent through the UL DPCCH, instead can be determined for example from the CQI on HS-DPCCH, or power backoff. The DL from the Macro is strong at the Macro served SHO UE, its power could be sufficient at the UE by allocating slightly more power on F-DPCH. As UL DPCCH is assumed to only follow the TPC from the Macro, its quality at the Macro is well under control.
· At the LPN side:
LPN generates TPC commands according to the UL DPCCH SNR instead of SIR. In this way the LPN effectively controls the E-DPDCH power offset of the UE uplink power to avoid excessive E-DPDCH interference at the LPN. This TPC command is carried on the legacy F-DPCH of the LPN. The power of F-DPCH is determined by the DL TPC carried on the UL DPCCH as in legacy power control. As the UL of the LPN is strong, the power of UL DPCCH would be sufficient at the LPN. As the DL TPC transmitted from the UE is assumed to be generated according to the LPN F-DPCH SIR, the LPN F-DPCH quality at the UE is well under control.
2.3 Control channel quality after dynamic power adjustment
HS-DPCCH and DPCCH would have sufficient reception quality at the Macro because the DPCCH do not follow the TPC from the LPN. This operation results in the same DPCCH/HS-DPCCH performance at the Macro as the ILPC restriction method mentioned in the TR25.800, section 7.1.4 [1].The corresponding simulation results have shown that the reception quality at the Macro is sufficient.
F-DPCH from the LPN would have sufficient reception quality at the UE because UE TPC only tracks the LPN F-DPCH quality. This operation results in the same F-DPCH quality as when LPN is the serving cell. Evaluation results in the TR25.800, section 7.2.1.1.2 [1] have shown that the reception quality of F-DPCH at the UE is sufficient.

F-DPCH from the Macro would have sufficient reception quality at the UE. Since UE TPC only tracks LPN F-DPCH quality, Macro can determine the F-DPCH power by itself. Since the Macro DL is strong at the UE, F-DPCH can achieve sufficient reception quality at the UE with a very small Ec/Ior. Assume 3dB CIO is applied and for the worst case of the Macro served SHO UE, Macro DL RSCP is 3dB better than LPN DL RSCP. In such case, if UE TPC tracks Macro F-DPCH, the required F-DPCH Ec/Ior is -25.7dB, according to the simulation results in TR25.800, section 7.2.1.1.6 [1]. If UE TPC does not track the Macro F-DPCH, Macro can consume more power on F-DPCH to ensure the reception quality at the UE. The determination of F-DPCH power can be done via implementation. For example, according to the CQI reported by the UE.
According to the analysis and evaluation results above, it can be seen that by re-interpreting the TPC commands from Macro and LPN and introducing one optional new channel, the issues of unreliable UL control channels at the Macro, unreliable DL control channels from the LPN, and excessive UL E-DPDCH power at the LPN are solved. The benefits of this scheme include:
1. UE and Node B only need to re-interpret the meaning of the legacy TPC commands.

2. Sufficient quality of UL control channels is achieved at the Macro.

3. Sufficient quality of LPN DL control channels is achieved at the UE.

4. LPN can dynamically control the E-DPDCH interference from the UE.

Thus we propose:
Proposal 1: Discuss the dynamic power adjustment method which re-interprets the legacy TPC commands.

3. Conclusions

A dynamic power adjustment method for the control and data channels for the SHO UE is proposed. It requires re-interpretation of legacy TPC commands between Macro/LPN and the UE. This method improves the UE UL control channel quality at the Macro, and the LPN DL control channel quality at the UE. Excessive E-DPDCH power at the LPN is also well controlled. We propose:
Proposal 1: Discuss the dynamic power adjustment method which re-interprets the legacy TPC commands.
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