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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. 

Solutions considered during the SI phase can have very similar performance. For the additional pilot solution, the complexity is increased at both network side and UE side. SIR target manipulation solutions can instead be implemented without specification changes. However dynamic power adjustments of control and data channels can further improve the efficiency of SIR target manipulation solution. This contribution further discusses the proposed solutions.
2. Discussion

2.1 Brief review of the proposed solutions
Since the UE follows the “or of down” rule when treating multiple TPC commands in SHO, Macro as the serving cell cannot raise UE uplink transmit power when the channel quality at the LPN is sufficient. Consequently, the uplink channels would suffer insufficient quality at the Macro, including HS-DPCCH, DPCCH, E-DPCCH, and E-DPDCH. As HS-DPCCH carries ACK/NACK and CQI, missing these messages at the serving cell would have direct impact on the HS-DSCH service provided to the UE. DPCCH quality at the Macro is also important, as it provides the pilot for channel estimation. E-DPCCH carries transmit control information of E-DPDCH. As there is macro diversity, the uplink service can be maintained by the LPN, which is able to receive E-DPCCH and E-DPDCH with sufficient quality. However, the Scheduling Information (SI) message carried on the E-DPDCH still needs to be received reliably by the serving Macro. In this contribution, we focus on solutions to ensure reliability of HS-DPCCH and DPCCH, and E-DPDCH carrying SI message is discussed in [3].
2.1.1 Additional pilot
The additional pilot solution in [4] is similar to the solution proposed in [5]. The difference is that the pilot is carried on an additional channel in [4]. The new pilot channel is power controlled only by the serving cell. This channel is similar to S-DPCCH in CLTD and UL MIMO, and acts as the phase reference for HS-DPCCH. An additional F-DPCH resource is allocated at the Macro to power control this new pilot channel. Legacy DPCCH remains the same. With this solution, HS-DPCCH and new pilot channel are power controlled so that they are received with sufficient quality at the Macro. Other control channels such as E-DPCCH could also be power controlled by the additional F-DPCH. Further considerations on the additional pilot solution include:

· Quality of TPC in DPCCH is insufficient at the Macro
As the DPCCH channel follows legacy power control operation in SHO, the received power level of DPCCH at the Macro can be very weak while at LPN is strong [1]. Then the TPC symbols carried by the DPCCH would be received at the Macro at a low power and the reliability of the TPC commands can be insufficient. If Macro cannot adjust the DL power correctly, then the F-DPCH power at the UE could be either always higher or lower than required. If it is always higher than required, UE would generate “TPC down”, which will reduce the F-DPCH power of both Macro and LPN. As only LPN would respond to the “TPC down”, the quality of the LPN F-DPCH will be very poor and the UE would generate excess uplink power at the LPN. If Macro F-DPCH power at the UE is always lower than required, then radio link failure will be reported.
· Increased complexity at the NodeB and UE

NodeB needs to introduce new measurements for the new pilot channel. Additional complexity for DL TPC and UL TPC processing is introduced. Since NodeB needs to send TPC to power control the additional pilot channel, more power resources need to be allocated at the Macro.
· No support for legacy UEs
As there are changes at the UE side, this solution cannot be applied to legacy UEs.
· Performance of the additional pilot solution is similar to other alternatives.
Simulation results in TR25.800, section 7.1.4.1, Table 6 [1], have shown that under different imbalance values, the performance of additional pilot is similar to other alternatives such as SIR target manipulation. Additional pilot solution would have better performance when imbalance is large. However, the largest imbalance experienced can always be reduced by parameter tuning such as CIO expansion and noise padding. For example, for a 30dBm LPN and a 43dBm Macro, the largest imbalance is 13dB. If 3dB CIO and 3dB noise padding are applied, the largest imbalance is reduced to 7dB. It can be further reduced with larger CIO. According to the evaluation in TR25.800, section 7.1.4.1, Table 6, when the imbalance is smaller than 6dB, the LPN Rx Ec/No advantage of the additional pilot solution over the SIR target manipulation solution is within 0.5dB.
Table 1: Required HS-DPCCH C/P and the Rx Ec/No impact when UL data IS transmitted
	Imbalance [dB]
	Required HS-DPCCH C/P [dB]
	Excess LPN Rx Ec/No [dB]

	
	HS-DPCCH Boosting
	Power Control Modified
	SIR Modified
	Secondary Pilot
	HS-DPCCH Boosting
	Power Control Modified
	SIR Modified
	Secondary Pilot

	0
	3.62
	-2.62
	3.62
	-2.69
	N/A
	2.25
	N/A
	0.10

	3
	8.61
	-1.91
	6.05
	-2.62
	1.59
	5.22
	1.46
	1.38

	6
	21.3
	-0.82
	4.26
	-2.34
	9.29
	7.1
	2.92
	2.48

	9
	N/A
	2.74
	7.72
	-1.75
	N/A
	8.54
	5.16
	3.74

	12
	N/A
	14.09
	5.78
	-1.87
	N/A
	11.79
	7.4
	5.63

	18
	N/A
	N/A
	N/A
	-1.68
	N/A
	N/A
	N/A
	10.46


]

2.1.2 SIR target manipulation
SIR target manipulation was introduced in [6]. It increases the DPCCH SIR target to provide a better phase reference to the HS-DPCCH at the Macro cell. The RNC estimates the imbalance between the Macro and the LPN and adjusts the SIR target so that sufficient HS-DPCCH quality can be achieved at the Macro. In order to limit the excess uplink interference at the LPN from E-DPDCH, the corresponding power offset is lowered. Simulation results in [1] have shown that the HS-DPCCH issue can be solved by SIR target manipulation meaning that the HS-DPCCH issue in legacy systems can be mitigated with SIR target manipulation solution with relatively good performance. Further improvements to the SIR manipulation include the following solutions.

E-DPDCH power offset and DPCCH power can be adjusted when the UE enters the SHO region, or when the SIR target is changed at the network side. These adjustments can be done through higher layer signalling or through physical layer modifications. 
A solution for dynamic power adjustment which modifies the power control mechanism for SHO UE in the imbalance zone is discussed in [7]. This solution can achieve good reception quality of the HS-DPCCH at the Macro and provide dynamic control of the E-DPDCH power at the LPN. No additional channel is introduced. We propose:
Proposal 1: Consider SIR target manipulation as the baseline performance for solving the HS-DPCCH issue.

Proposal 2: Consider dynamic power adjustment of control and data channels to enhance the performance of SIR target manipulation.
3. Conclusions

According to the discussion above, SIR target manipulation can solve the HS-DPCCH issue introduced by the imbalance. Some enhancement to improve the efficiency of SIR target manipulation can be considered. However, the enhancements should introduce small additional complexity at the network side and the UE side.
Proposal 1: Consider SIR target manipulation as the baseline performance for solving the HS-DPCCH issue.

Proposal 2: Consider dynamic power adjustment of control and data channels to enhance the performance of SIR target manipulation.
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