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1. Introduction

In co-channel scenarios for Hetnet, there is a UL/DL imbalance region between the macro cell and LPN since the LPN has smaller power than the macro cell. Besides the DL and UL interference issues, the UL/DL imbalance can also introduce problems for HS-DPCCH reception.

As illustrated in Fig. 1, when the UE is in the SHO region, its uplink transmitting power is controlled by both the Macro NodeB and LPN. Considering the SHO area is usually on the right side of the UL boundary, the UE will have larger received power on the LPN compared with that on the Macro cell. Therefore the dominating power control loop would be on the LPN side, which causes the SINR on the Macro side be likely below the expected SIR target on the Macro. If the UE serving cell is still Macro cell, the HS-DPCCH reception will have bad performance on the Macro side due to the low signal quality. This will surely impact the HSDPA performance on the downlink.
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Fig. 1 The issue of Macro UE uplink reception quality in SHO area
This concern has been acknowledged in RAN1#71 meeting, and some further discussions regarding to the simulations and potential solutions were raised in RAN1#72 [1]. In this paper, some potential solutions are further discussed.
2. Network based solutions
Some implementation based network methods have been proposed for resolving the HS-DPCCH decoding issues in Hetnet. One typical method is setting a large CIO for LPN as illustrated in Fig. 2. While a large CIO is applied, the SHO region will be moved towards the UL boundary and the UL-DL imbalance region will be reduced. 
Another network based implementation method is noise padding on LPN. However, as shown in R1-130508 [2], while the noise padding is used, the uplink interference from the LPN to the Macro will be increased and the UL performance of Macro UE will degrade. 

Considering the network based method of using large CIO is a simple method for resolving the issue, we propose that we should use large CIO method to resolve the HS-DPCCH reception issues.
Proposal 1: Use the implementation based network method such as large CIO to solve the HS-DPCCH reception issue in HetNet.
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Fig. 2 UL-DL imbalance issue is mitigated when large CIO is applied
3. Other solutions
In RAN1#72 meeting in Malta, besides the network based solutions such as noise padding and range expansion, some other solutions were also discussed, which in summary can be categorized into 2 directions for resolving the problems. The first one is SINR adjustment based method and the second one is second pilot based method.
3.1 SINR adjustment based solutions
The SINR adjustment based method is introduced in R1-130509[3] in MALTA meeting. As illustrated in Fig. 3, in the SINR adjustment based solutions, the target SINR on the LPN side will be adjusted higher while the LPN cell is added as one radio link in the active set of a UE served by the Macro. This can raise the set point of the DPCCH up and therefore the DPCCH and HS-DPCCH signal quality shall be strong enough to be decoded on the Macro cell.
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Fig. 3 The SINR adjustment based solutions for HS-DPCCH reception issue

In order to achieve above goal in the realistic network, some aspects need to be considered and can be resolved as following.

Triggering of the SINR adjustment

The SINR adjustment based solutions could be triggered by the existing event 1A or event 1D measurement report respectively when considering following 2 cases:

· Considering one UE served by the Macro is moving towards one LPN, once the event 1A condition is satisfied the UE will send a measurement report to add the small cell as a new radio link in the active set. When the RNC initiates the procedure for adding the small cell into the active set, the RNC could indicate the LPN to use an adjusted target SINR which is higher than that for usual case.
· Considering one UE served by the LPN and the Macro cell is also one radio link in the active set, when the UE is moving out of the LPN coverage, once the triggering condition for event 1D is satisfied, one measurement report will be sent to the RNC. When initiating the serving cell change procedure to handover this UE to the Macro, the RNC can indicate the LPN to use an adjusted SINR target which is higher than that for usual case.
The triggering of the target SINR adjustment can fully reuse the legacy mobility procedure and legacy RRC layer signaling.
Adjusting for the SINR target on LPN
One Iub signaling will be used by RNC to indicate a new adjusted SINR target value to the LPN. In current specification, there exists legacy signaling to support this operation.
Adjusting for the E-DCH Power offset
The adjustment for the target SINR set point should not have an impact on the E-DCH receiving performance. In order to work together with current OLPC mechanism, when the target SINR is raised up, the absolute receiving power for E-DPDCH and E-DPCCH should maintains at the same level as that for legacy.
With the same reason, when the SINR adjustment solutions need to be stopped, the reference E-TFC set and Aec value should be updated back to the normal values used in usual SHO case through legacy RRC signaling.

Stopping of the SINR adjustment
The stopping of the SINR adjustment based solution is similar with the triggering mechanism. Two cases should be considered:

· Considering a UE served by Macro is moving towards the LPN and the SINR adjustment has already been applied, when the event 1D is triggered and the serving cell is decided to be changed to the LPN, before the serving cell change procedure is finished the RNC should indicate the LPN to use a lower SINR target and refresh the reference E-TFC set and Aec value matching with the usual SHO case;

· Considering a UE is moving out of the LPN and the SINR adjustment has already been applied, when event 1C is triggered and the LPN is decided to be removed from the active set, the RNC should be update the reference E-TFC set and Aec value first and then just remove the LPN from the active set.
3.2 Second pilot based solutions

As described in R1-130634[4], one direction of resolving the HS-DPCCH reception quality issue is introducing another pilot channel which is dedicating to guarantee the receiving power for the pilot and HS-DPCCH control channels on Macro side. As described in [4], the second pilot based solutions have the following aspects to be considered.
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Fig. 4 The secondary pilot based solutions for HS-DPCCH reception issue

Introduction of a secondary pilot and the HS-DPCCH power setting

As illustrated in Fig. 4, a secondary pilot is transmitted on a SF256 channelization code orthogonal to the DPCCH and other existing channels. The secondary pilot is used as the phase reference for the HS-DPCCH on the Macro side and the HS-DPCCH power is set only referring to the secondary pilot power.

Power control for secondary pilot
As illustrated in Fig. 4, the secondary pilot is only power controlled by the Macro cell and a dedicated TPC commands on F-DPCH must be allocated to achieve this control loop.
Power control for primary pilot and uplink E-DCH transmitting
The primary pilot and the associated control and data channel continue to be power controlled by both the Macro and the LPN. The power settings for the E-DPDCH and E-DPCCH are still based on the primary pilot DPCCH.
Triggering and stopping of the secondary pilot
The secondary pilot should be turned on once the UE enters the area in which HS-DPCCH reception quality issue happens. And it should be turned off as soon as when the UE go outside of this area, otherwise the uplink power for secondary pilot is wasted.

The triggering and stopping method could be the same as that for the SINR adjustment based solutions.
3.3 Comparison between SINR based and second pilot based methods
This section compares the SINR adjustment based solution and second pilot based solution from the perspective of HS-DPCCH performance, uplink efficiency, compatibility with legacy UE and signaling overhead. 
3.3.1 HS-DPCCH performance
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Fig. 5 SINR target needed when HARQ-ACK misdetection is 1% in different imbalance
In R1-130509 [3], some link level simulations have been provided to show the HS-DPCCH decoding performance while the SINRtarget adjustment is used. From Fig. 5 in R1-130509, we can see that for the imbalance of 6dB case, to archive 1% ACK miss-detection performance, the required SINRtarget ranges from -17dB to -12.8dB while the HS-DPCCH PO is set in the rage of 10.1dB to 2.05dB.
The ACK miss-detection performance was also given in R1-130634 [4] to show that the secondary pilot solution can guarantee the HS-DPCCH decoding performance on Macro side.
3.3.2 Uplink Link Efficiency

For the secondary plot based solution, the transmission for the secondary pilot will introduce additional uplink power consumption. Actually, because that the secondary pilot is only power controlled by Macro side, considering the uplink imbalance, the Rx Ec/No for the second pilot on LPN side will be much larger than that on Macro side. The uplink link efficiency will degrade somehow compared with the normal case.
For the SINRtarget adjustment based solution, the SINRtarget of DPCCH is raised up. Therefore, the T/P value may not be on the most optimal point. However, as we know that, for the E-DCH transmission, the curve of uplink Rx Ec/No vs. T/P value is usually a U-shaped curve. This means some changes of T/P value near the bottom part of U-shaped curve should not have big impact on the required Rx Ec/No. So the SINRtarget adjustment solution should not have big impact on the uplink efficiency.
3.3.3 Compatibility with legacy UE

From the description in section 3.1, the target SINR adjustment operation happens between RNC and LPN, which is transparent to the UE side. The triggering and stopping for the SINR adjustment based solutions also rely on the triggering event for the legacy mobility procedure without any modification on the UE side. Only one thing evolving the UE side is the new power offset setting for E-DPDCHs and E-DPCCH. However the legacy RRC signaling has already support the reconfiguration for the reference E-TFC sets and Aec on UE side. This means the SINR adjustment based solution is totally compatible with legacy UEs.
On the other hand, introducing secondary pilot means an additional pilot transmitting on UE side and also another new power control loop for the secondary pilot. The secondary pilot based solution can only work on Rel-12 UEs, which means that the HSDPA transmission for legacy UE still can’t survive in the case of poor uplink control quality in Hetnet SHO area.
3.3.4 Signaling overhead

With respect to the signaling overhead compared with legacy operation, the triggering and stopping for SINR adjustment operation rely on the legacy triggering mechanism for mobility procedure. This part will not introduce any signaling overhead. One signaling overhead is the Iub signaling between RNC and LPN to adjust the target SINR to an expected value. Another signaling overhead is the RRC signaling for reconfiguration of the reference E-TFC set and Aec. These signaling overheads are high layer signaling. However they only happen on the time point when the SINR adjustment is triggered or stopped.
For the secondary pilot based solutions, the triggering and stopping method could be the same as that for SINR adjustment based one, meaning that there is also no additional signaling overhead on this part. Another part of signaling overhead is the overhead for the secondary DPCCH. Considering the uplink is not code limited, although the code consumption for the secondary pilot can be considered not a big problem, but as we known, additional pilot code definitely introduces modification and detection overhead on the NodeB side. Besides above signaling overhead, a very clear part of additional signaling overhead is the additional TPC commands conveyed on a dedicated F-DPCH for the secondary power control loop. This TPC overhead is physical layer overhead which introduces one QPSK symbol overhead every each slot during the UE stays inside the area having the HS-DPCCH quality issues.
Based on the above analysis for the signaling overhead for these two candidate methods, we can see that the main difference for signaling overhead is that the SINR adjustment based solution has small number of higher layer signalings when the UE enters and exits the concerned area for the HS-DPCCH quality issue, however on contrast the secondary pilot method has one physical layer TPC symbol overhead every slot while the UE stays inside the concerned area. From our point of view, the physical layer overhead would have a larger impact to the system because while the UE stays longer in the concerned area a more significant overhead will be introduced on physical layer.
4. Conclusions
This paper discusses the solutions resolving the HS-DPCCH reception issues. Considering the network based method of using large CIO is simple and also can mitigate these issues, we propose that the implementation based method of applying large CIO should be used to resolve the HS-DPCCH reception issues in Hetnet.

Proposal 1: Use the implementation based network method such as large CIO to solve the HS-DPCCH reception issue in HetNet.
For the cases when the network based method can not work, other methods can be used. We compare the SINR adjustment based method and second pilot based method. The summary of the comparison is listed in Table 1.
Table 1 summary for the comparison between SINR based and second pilot based solutions

	
	SINR adjustment based solution
	Second pilot based solution

	HS-DPCCH performance on Macro
	Could guarantee the HS-DPCCH performance on Macro NodeB.
	Could guarantee the HS-DPCCH performance on Macro NodeB.

	Uplink efficiency
	Second pilot will raise up the Rx Ec/No on LPN side.
	The T/P value may not be on the most optimal point. However some changes of T/P value near the bottom part of U-shaped curve for E-DCH link efficiency should not have big impact on the required Rx Ec/No.

	Compatibility with legacy UE
	Fully compatible with legacy UE.
	Only can work for new Rel-12 UE.

	Signaling overhead
	Small number of higher layer signaling only on the time points when the UE enters and exits the concerned area for the HS-DPCCH quality issue.
	One physical layer TPC symbol overhead every each slot during the time period when the UE stays inside the concerned area
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