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1
Introduction

A study item on heterogeneous network was initiated at the last RAN plenary [1]. Investigation of the effects of UL/DL imbalances and the study of potential solutions are part of the SI. In this document, we show link simulation results that show the impact of the UL/DL imbalance on the HS-DPCCH channel and also suggest a solution to address the issue.

2
UL/DL Imbalance in Co-Channel Scenarios
The difference in uplink and downlink coverage areas in heterogeneous networks is referred to as Uplink/Downlink imbalance and is illustrated in Figure 1 where there is a distance between the UL and DL boundaries. The DL boundary is defined as the point where the downlink signals are at equal strength. The UL boundary is defined as the point where UE causes same SINR at both the Macro and the LPN. 
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Figure 1: UL/DL imbalance represented due to Tx Power differential

Consider the soft handover region between the Macro and the LPN. The Macro cell (being the more dominant cell) is more likely to be the serving cell. However, note that the uplink to the LPN is much better when the received SNR on the UL is considered. Since both the Macro and the LPN power control the UE, the transmit power of the UE would be largely driven by the LPN. As a consequence, the HS-DPCCH channel which carriers the HARQ-ACK and CQI information cannot be reliably decoded at the serving (macro) cell. In this scenario, unreliable HARQ-ACK decoding, especially high ACK to DTX error, could cause unnecessary retransmissions and degrade the DL throughput performance.

3
Impact on HS-DPCCH: Baseline
The impact on the HS-DPCCH can be seen by a link simulation. The simulation assumptions are given in [2] and are reproduced in the Annex for reference. 

3.1
Simulation Scenario

The scenario that is simulated is the following:
· Macro is the serving cell for the UE
· UE is in soft handover with the Macro and the LPN

· Imbalance is defined as GTx→B - GTx→A as seen in Figure 2. The LPN has the better uplink.
· Simulation results are shown for the single carrier case as well as Multiflow DF-DC.
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Figure 2: Imbalance between the Macro and the LPN

3.2
Metrics for HS-DPCCH Performance Evaluation

The following metrics are used for evaluating the performance of the HS-DPCCH channel.
False Alarm
This event occurs when the NodeB falsely detects an ACK on the HS-DPCCH channel. This can occur in two ways:
· When the UE does not transmit (DTX) and the NodeB falsely receives an ACK. 

· This event occurs when the HS-SCCH is not received on the downlink at the UE. The UE therefore does not transmit an acknowledgement on the HS-DPCCH channel. The NodeB then falsely decodes the DTX as an ACK. 

· We assume that the HS-SCCH misdetection probability at the UE is 1%

· When the UE transmits a NACK which is falsely received as an ACK. 

· This error is unlikely to happen very often as the transition probabilities 
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· We assume that a NACK would be transmitted 9.9% of the time. This assumes 10% BLER after the first transmission on the downlink. 

Therefore, the false alarm probability can be expressed as:
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In the simulation we target the total false alarm probability to be 0.1%. 

Since 
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 component is rather small and can potentially be considered to be negligible.
Therefore, the effective false alarm target can be considered to be 
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Note however that we do not make such simplifying assumptions in the results presented below. It is expected though that such an assumption would not change the nature of the results in a significant way.

Misdetection or Decoding Error
This event occurs when the NodeB does not detect the ACK transmitted by the UE. This error event occurs in two ways:
· When the UE transmits an ACK but the NodeB does not detect the transmission and instead assumes DTX. This event is the more common of the two.

· When the UE transmits an ACK and the NodeB detects that there is a transmission on the HS-DPCCH channel (not DTX) but erroneously decodes it as a NACK.

We assume that an ACK is transmitted 89.1% of the time which results from the assumption of 10% BLER after the first transmission.
Therefore, the Misdetection or Decoding error probability can be expressed as:
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For purposes of comparison, the target probabilities for the misdetection or decoding error considered are 1% and 5%. 

Note: Since the CQI decoding error rate is typically an order of magnitude lower than that of the A/N decoding error rate, we focus on the HARQ-ACK decoding in this document. Any solutions for the impact on HARQ-ACK decoding due to imbalances can also be applied to CQI decoding.
3.3
Simulation Results

Figures 3 and 4 show the performance of the HS-DPCCH channel at the Macro and at the LPN for different imbalance values. Note that the Macro is the serving cell for the UE. Therefore, Figure 4 is only applicable for the case where the UE is in Multiflow mode. The figures show the misdetection or decoding error of the HS-DPCCH channel for the case where the total false alarm probability is 0.1%. The setpoint is -21dB.
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Figure 3: HS-DPCCH performance at the Macro: Baseline
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Figure 4: HS-DPCCH performance at the LPN: Baseline


Figures 5 and 6 show the required HS-DPCCH C/P at the Macro and the LPN for the baseline for target misdetection or decoding error rates of 1% and 5%. Note that the final choice of the HS-DPCCH C/P would depend on whether the UE were in Multiflow mode or not. In Multiflow mode, the required HS-DPCCH C/P is the maximum required value at the Macro and LPN C/Ps. If in single carrier mode, then the HS-DPCCH C/P is the required value at the Macro.
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Figure 5: Required HS-DPCCH C/P at the Macro and the LPN: Baseline; Target MD = 1%
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Figure 6: Required HS-DPCCH C/P at the Macro and the LPN: Baseline; Target MD = 5%


3.4
Observations

At the Macro cell:
· The required HS-DPCCH C/P is 5dB to achieve a 1% misdetection or decoding error an imbalance of 0dB. Note that the 0dB case is a bit unusual in Hetnets as there would typically be some imbalance between the Macro and the LPN. 

· The maximum possible C/P that can be configured is around 14dB. Even if the range of HS-DPCCH C/P were to be increased to 21dB, the maximum imbalance that can supported is 6dB in order to achieve a target misdetection or decoding error rate of 1%
· If the target misdetection or decoding rate were to be relaxed slightly to 5%, then the maximum imbalance that can be supported is 9dB. This case would still require very high HS-DPCCH C/P values and is an impractical solution. 

At the LPN:

· At 0dB imbalance, the HS-DPCCH performance is the same as that for the Macro. 

· The performance of HS-DPCCH gets better as the imbalance increases. This is because the LPN becomes the dominant cell and is able to effectively power control the received DPCCH SIR. At a very large imbalance, the required HS-DPCCH C/P is less than -1dB to achieve a target misdetection of 1%. 

4
Solutions for UL/DL Imbalance in Co-Channel Scenarios

4.1
Introduction of a Secondary Pilot
The introduction of a second pilot (similar to the S-DPCCH in CLTD and UL MIMO) to act as the phase reference for the HS-DPCCH decoding at the Macro cell would mitigate the impact of the imbalance on the control channel. 

The following are the salient aspects of this solution:

· The secondary pilot is transmitted on a channelization code orthogonal to the DPCCH and the other channels with SF256.

· The HS-DPCCH power is referenced to the secondary pilot. 

· The secondary pilot is power controlled only by the Macro cell. The TPC commands from the macro cell pertaining to this channel do not affect the DPCCH, E-DPCCH or the E-DPDCH transmit powers. Only the S-DPCCH and the HS-DPCCH are affected.

· An additional F-DPCH resource is allocated at the Macro cell for this purpose.

· The primary pilot and the associated control and data channel continue to be power controlled by both the Macro and the LPN.

· UL data decoding is unaffected and would continue to occur at both the Macro and the LPN (since the UE is in soft handover) 

4.2
Simulation Results
The simulation scenario and the performance metrics are the same as in the baseline case. The setpoint for both the primary and secondary pilots is set to -21dB. Outer loop power control is turned off and inner loop power control is enabled. The innerloop power control for the primary pilot is based on the “or of downs” rule. The secondary pilot is power controlled only by the Macro cell.

Figures 7 and 8 show the performance of the HS-DPCCH channel at the Macro and at the LPN for different imbalance values. As in the baseline case, Figure 8 is only applicable for the case where the UE is in Multiflow mode. The figures show the misdetection or decoding error of the HS-DPCCH channel for the case where the total false alarm probability is 0.1%. Note that the HS-DPCCH C/Psecondary is shown with the secondary pilot as the reference.
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Figure 7: HS-DPCCH performance at the Macro: Secondary Pilot
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Figure 8: HS-DPCCH performance at the LPN: Secondary Pilot


Figures 9 and 10 show the required HS-DPCCH C/P at the Macro and the LPN for with the secondary pilot introduced for target misdetection or decoding error rates of 1% and 5%. Note that the final choice of the HS-DPCCH C/P would depend on whether the UE were in Multiflow mode or not. In Multiflow mode, the required HS-DPCCH C/P is the maximum of the Macro and LPN C/Ps.
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Figure 9: Required HS-DPCCH C/P at the Macro and the LPN: Secondary Pilot; Target MD = 1%
	[image: image17.emf]0 2 4 6 8 10 12 14 16 18

-10

-8

-6

-4

-2

0

2

Imbalance [dB]

Required HS-DPCCH C/P

secondary

 [dB]

 

 

LPN-secondary pilot

Macro-secondary pilot


Figure 10: Required HS-DPCCH C/P at the Macro and the LPN: Secondary Pilot; Target MD = 5%


4.2.1
Observations

At the Macro cell:
· The performance of the HS-DPCCH channel is unaffected by the imbalances between the Macro and the LPN. This is because the received HS-DPCCH Ec/No is maintained though power control of the secondary pilot thereby ensuring reliable decoding performance.

At the LPN:

· The performance of the HS-DPCCH channel improves as the imbalance between the Macro and the LPN increases. As the imbalance increases, the power control by the Macro causes the transmit power of the HS-DPCCH channel to increase to maintain the target SIR at the Macro. Therefore, the HS-DPCCH performance at the LPN improves due to the excess Ec/No received.
A summary of the required HS-DPCCH C/Ps for the two schemes for the single carrier case for two HS-DPCCH misdetection or decoding error targets is given in Table 1. Note that in a single carrier setup, only the Macro needs to decode the HS-DPCCH. A similar table for the Multiflow scenario is shown in Table 2. In Multiflow mode, since the HS-DPCCH needs to be decoded by both the Macro and the LPN, the required HS-DPCCH C/P is the max of the individual values at the Macro and the LPN.

Table 1: Required HS-DPCCH C/P; Single Carrier

	Single Carrier Configuration

	Imbalance
	Target
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	Required HS-DPCCH C/P [dB]: Baseline
	Required HS-DPCCH C/P [dB]: Secondary Pilot
	Required HS-DPCCH C/P [dB]: Baseline
	Required HS-DPCCH C/P [dB]: Secondary Pilot

	0
	4.95
	-1.6
	0.05
	-3.6

	3
	11
	-1.6
	3.9
	-3.6

	6
	21.13
	-1.6
	9.05
	-3.6

	9
	
	-1.6
	15.95
	-3.6

	12
	
	-1.6
	
	-3.6

	18
	
	-1.6
	
	-3.6


Table 2: Required HS-DPCCH C/P; Multiflow

	Single Carrier Configuration

	Imbalance
	Target
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	Required HS-DPCCH C/P [dB]: Baseline
	Required HS-DPCCH C/P [dB]: Secondary Pilot
	Required HS-DPCCH C/P [dB]: Baseline
	Required HS-DPCCH C/P [dB]: Secondary Pilot

	0
	4.95
	5.9
	0.05
	0.45

	3
	11
	1.7
	3.9
	-3.07

	6
	21.13
	-1.6
	9.05
	-3.8

	9
	
	-1.6
	15.95
	-3.8

	12
	
	-1.6
	
	-3.8

	18
	
	-1.6
	
	-3.8


4.3
Impact of Secondary Pilot on the LPN
As the imbalance between the Macro and the LPN increases, the transmit power applied on the secondary pilot also increases in order to maintain the SIR target at the Macro. This may cause some additional interference at the LPN. However, since the additional interference is only due to the pilot and overhead, the impact is minimized. 
Figures 11 and 12 show the total Rx Ec/No at the LPN for the baseline and with the secondary pilot for different target misdetection rates. The value of the HS-DPCCH C/P chosen corresponds to the required values in Tables 1 and 2. 

Rx Ec/No is defined as follows:

· Baseline:
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· Secondary Pilot:
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Since the baseline case is only valid for certain imbalance values, the comparison is shown for those cases only. 
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Figure 10: Total Rx Ec/No [dB] at the LPN with and without secondary pilot; Target MD=1%
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Figure 11: Total Rx Ec/No [dB] at the LPN with and without secondary pilot; Target MD=5%


It can be seen from Figures 10 and 11 that at low imbalance values there is some additional impact of the secondary pilot. However, it is not considered to be significant when compared with the benefits of the scheme. At high imbalance values, the secondary pilot is seen to be much more efficient. Another way the comparison can be made is to evaluate the amount of noise padding necessary to support a higher imbalance and compare with the amount of additional Rx Ec/No needed using the secondary pilot. Additionally, larger T/P values would diminish the difference between the two since the data power would occupy most of the Rx Ec/No in comparison with the overhead channels.

Proposal: A secondary pilot that is power controlled by the serving cell only is introduced to address the impact on the HS-DPCCH channel due to UL/DL imbalances in Hetnets.

5
Conclusions

In this document a link level study was performed to evaluate the impact to the HS-DPCCH channel due to UL/DL imbalances that result from hetnet deployments. The issues with HS-DPCCH decoding were highlighted and a solution to address them by the introduction of secondary pilot was described. Simulation results comparing the performance with and without a secondary pilot were also shown. It was found that the additional of a secondary pilot enables reliable decoding of the HS-DPCCH channel at all imbalance levels. The additional interference caused due to the secondary pilot was not considered to be significant. 
Proposal: A secondary pilot that is power controlled by the serving cell only is introduced to address the impact on the HS-DPCCH channel due to UL/DL imbalances in Hetnets.
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Annex
Table 2: Simulation Assumptions for HS-DPCCH Modelling

	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
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