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1. Introduction

At RAN1#71 meeting, the HS-DPCCH performance issue due to the DL/UL imbalance in co-channel scenario has been acknowledged by all companies [1][2][3][4]. 
As analyzed in [1], there is a UL/DL imbalance region between the macro cell and LPN since the LPN has fewer power than the macro cell. In Figure 1, when a UE served by the Macro is in the SHO region to the right of the UL boundary, its path loss to the LPN is less than that to the Macro. Since the UE uplink channels are power controlled by both cells, the dominating power control loop would be the LPN. As a result, when the UE signal reaches the SIR target at the LPN, it is highly probable to be below the SIR target at the Macro. While HS-DPCCH belongs to the macro cell, so its demodulation performance may be degraded which leads to macro’s HSDPA performance deterioration.
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Figure 1 Macro UE uplink reception quality in SHO
At RAN1#71 meeting a link simulation assumption is agreed to estimate the HS-DPCCH HARQ-ACK performance [5]. In this contribution we will give the HS-DPCCH performance results and give our solutions. 
2. HS-DPCCH performance
Based on the agreed simulation assumptions in Annex, we do HS-DPCCH HARQ-ACK misdetection performance in different scenarios shown in Figure 2 ~ Figure 5.
From Figure 2 we can see the curve for HARQ-ACK misdetection in the condition of different macro and LPN imbalance, where the imbalance is the path loss difference between the macro and LPN. The x label signifies the HS-DPCCH power offsets, and lines in different colours stand for HARQ-ACK misdetection in different imbalance (the LPN has larger channel gain than the macro cell).  
[image: image2.png]ACK miss-detection

SIRtarget = -21d8

Imbalance
[dB]

——0
-3
——6

.

il

——s
——12

—e—18

0.001
-15 -10 s o s 1
HS-DPCCHPO [dB]





Figure 2 HARQ-ACK misdetection in different imbalances
In the figure, SIR target is fixed at -21 dB. It is obvious that given the same power offset of the HS-DPCCH, the misdetection rate of ACK increases with the imbalance. This is because the DPCCH is donimantly power controled by the LPN but HS-DPCCH is demodulated by the macro cell. Since the LPN has less path loss the power of DPCCH will be very low which leads to bad HS-DPCCH demodulation.
Figure 3 gives the pilot BER for macro cell in different imbalance when SIR target is -21dB. We can see from this figure that given the same SIR target the pilot BER becomes high with the large imbalance, which verifies the results in Figure 2.
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Figure 3 pilot BER in different imbalance
Since when the LPN quality is superior to the macro cell the DPCCH power is dominantly controled by the LPN and is very low, which leads to power for ACK demodulation is very low. In addition, we can see the with an SIR target of -21 dB the max imbalance that can be supported with the highest HS-DPCCH power offset is 3 dB. That is to say with the same SIR target of -21dB if the imbalance is lager than 3dB even the higest HS-DPCCH power offset can not guarantee the ACK detection.
Figure 5 gives more results of ACK misdetection in different SIR target when the imbalance is 6dB. Lines in different colour stand for different HS-DPCCH power offset.
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Figure 5 HARQ-ACK misdetection in different SIR target
From Figure 5 we can see with increasing SIR target the ACK misdetection decreases even when the imbalance is large. This is because even when the imbalance becomes large, a high SIR target can increase the transmission power at the UE so that the HS-DPCCH quality at the Macro would be guaranteed.
Figure 6 gives the needed SIR for each HS-DPCCH power offset in the condition of 1% ACK misdetection. The x label is HS-DPCCH power offset and the y label is the SIR needed in the macro cell.
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Figure 6 SIR target needed when HARQ-ACK misdetection is 1% in different imbalance
The same results can be seen in Figure 6 that increasing SIR target can keep the ACK misdetection in 1%. Moreover the higher the HS-DPCCH power offset is used, the lower the SIR target is needed. In addition, with larger imbalance between the macro and LPN the SIR target needed is large under the same HS-DPCCH power offset. This is because if the imbalance is larger, the DPCCH power is lower. Therefore, the concrete SIR target should be changed with the imbalance condition.
3. Discussion
From the performance results and analysis above, we can see to boost HS-DPCCH or increase SIR target can solve HS-DPCCH problem in HetNet. However, just boosting HS-DPCCH power offset can improve HS-DPCCH performance from a certain extent. When the imbalance becomes too large (beyond 3dB as shown in Figure 2) HS-DPCCH can not be guaranteed since power of DPCCH is too low. Therefore, increasing SIR target is a better solution since the increased SIR target can keep the power of DPCCH not be to extremely low and the through adjust SIR target current HS-DPCCH power offset can keep its performance. 
Proposal 1：Increase SIR target to keep DPCCH power when UE is in soft handover in HetNet.
It is noteworthy that the SIR target is still influenced by E-DPDCH decoding performance that is in legacy outer loop power control (OLPC) the SIR target is set according to E-DPDCH decoding. So practically imbalance-based SIR target is increased and this may lead to E-DPDCH decoding BLER unnecessarily good and to potential instability in the outer loop power control. Consequently the RNC will decrease the SIR target. In order to maintain both the HS-DPCCH performance and a stable OLPC, a new E-DPDCH power offset should be introduced. That is to say when the RNC increases the SIR target it should decrease the E-DPDCH power offset. Although the E-DPDCH power offset will not be the optimal power offset value after this change, the power efficiency may not be deteriorated much since the power offset optimal curve is a U-shaped curve in which a flat area exists near the optimal point, as illustrated in Figure 7.
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Figure 7 E-DPDCH power offset optimal diagram 
Proposal 2: Adjust E-DPDCH reference power offset when increasing SIR target to guarantee the HS-DPCCH performance in HetNet.
4. Conclusion
In this document we give the HS-DPCCH performance in different scenarios and we propose:

Proposal 1：Increase SIR target to keep DPCCH power when UE is in soft handover in HetNet.
Proposal 2: Adjust E-DPDCH reference power offset when increasing SIR target to guarantee the HS-DPCCH performance in HetNet.
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5. Annex
5.1 Link Simulation Assumptions for Modeling HS-DPCCH Performance

Table 1 shows a list of link simulation assumptions that can be used to model the HS-DPCCH decoding performance. 
Table 1: Simulation Assumptions for HS-DPCCH Modeling

	Parameter
	Value

	Scenario
	UE is in soft handover between a Macro and an LPN.

	Imbalance between the cells [dB]
	[0 3 6 9 12 18]

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH, HS-DPCCH

	E-DCH TTI [ms]
	2

	TBS
	120

	T/P [dB]
	0

	HS-DPCCH C/P [dB]
	-9.54 … 14.09

	CQI Feedback Cycle
	1TTI

	SIR Target [dB]
	-21 dB

	False Alarm Target
	1%

	Target Misdetection or Decoding Error
	TBD

	Number of Rx Antennas
	2

	Channel Estimation
	Realistic

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	OFF

	Propagation Channel
	PA3

	NodeB Receiver Type
	Rake Receiver

	Number of Rx Antennas
	2


5.2
Metrics for HS-DPCCH performance evaluation

The metrics used to evaluate the HS-DPCCH are described as follows:
· False Alarm 

· This event occurs when the NodeB falsely detects data when the UE transmits only DTX. 
· Misdetection or Decoding error
· This event occurs when one of the following events occur
· The NodeB does not detect data when the UE transmits data, OR

· The NodeB correctly detects data but decodes it incorrectly.

The misdetection or decoding error metric is computed as follows:
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