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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 investigate several solutions that address this imbalance and compare their performances.

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. 
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Figure 1: UL/DL imbalance represented due to Tx Power differential

The scenario considered in this contribution is when the UE is in soft handover between the Macro and the LPN. 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 may not be reliably decoded at the serving (macro) cell. 
In the following we consider a few solutions to mitigate the impact on the UL control channel performance due to this imbalance. 
3
Solutions for UL/DL Imbalances 

There have been some solutions proposed in the previous RAN1 meetings as to how the impact on the HS-DPCCH channel can be addressed [ 3, 4, 5, 6]. The ones that are evaluated in this contribution are as follows:

HS-DPCCH Power Offset Boosting
In Rel-11, additional power offset values were added to the HS-DPCCH channel. The additional power offsets could be used in Heterogeneous networks as well. Based on the received SIR measurements from the Macro and LPNs, the RNC estimates the amount of imbalance between the two cells and boosts the HS-DPCCH power offset accordingly to overcome the imbalance. This method could also be applied to legacy users. 
Power Control Enhancements

In this scheme, the power control procedure is modified by the RNC to allow for better reception at the Macro cell. The RNC estimates the power imbalance based on the received SNRs at the Macro and LPNs and disables the power control from the LPN. This can be done in two ways:

· Remove the LPN from the UE’s active set. This would essentially put in the UE in a single cell mode where the Macro power controls the UE. This scheme would be applicable to legacy users. 

· The TPC commands from the LPN are always +1. This would effectively switch the power control to the Macro cell exclusively. The benefit of this scheme would be to maintain the benefits of soft handover while improving performance of the HS-DPCCH.  
SIR Manipulation

In this scheme the DPCCH SIR target is increased 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 DPCCH set point to ensure adequate HS-DPCCH decoding performance at the Macro cell. 
The E-DPDCH power offsets are also correspondingly lowered to ensure that there is no excess Ec/No seen at the Pico cell. While the link to the Pico may be operating at a link in-efficient point, the control channel performance is preserved. The new T/Ps would have to be signaled to the UE for the adjustment to take effect. Since the adjustment is made at the RNC and the reference beta factor signaling is present in legacy systems, this scheme would be applicable to legacy users.

Introduction of a Secondary Pilot
A secondary pilot is introduced on the uplink to act as the phase reference for the HS-DPCCH channel and is power controlled only by the weaker Macro cell. The E-DPCCH and the data channels would still be based on primary pilot and UL data decoding performance is not affected. Due to the change in the physical layer, this scheme would be applicable only to Rel-12 UEs. 
4
Simulation Methodology
The simulation scenario and the metrics for performance comparison are given in this section. The simulation assumptions are given in the Annex. 

4.1
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.
· Simulations have been conducted for the following cases: 

· Data is transmitted – a nominal TBS value of 2020 with T/P =12dB is chosen.

· Data is not transmitted – the set point is frozen at -21dB with the OLPC turned off.

The two cases have been chosen to capture the impact of the different solutions for the cases where data transmissions occur and when UL data has not been scheduled. 
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Figure 2: Imbalance between the Macro and the LPN

4.2
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 in the simulations is 1%. 

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.
4.3
Metrics for Comparing Solutions
The solutions are compared by assessing the increase in the amount of interference introduced at the LPN. The amount of interference is measured by the increase in the Rx Ec/No. 
The Rx Ec/No for the HS-DPCCH boosting, Power Control Modification, SIR Manipulation solutions is computed as: 
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The Rx Ec/No for the Secondary Pilot solution is given by:
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The baseline value is the Rx Ec/No at the LPN for 0dB imbalance. 
5
Simulation Results 
5.1
HS-DPCCH Boosting

Figures 3 and 4 shows the performance of the HS-DPCCH channel at the Macro cell for different imbalance values when data transmissions are on-going and when they are turned off. 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%. 
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Figure 3: HS-DPCCH performance at the Macro cell; On-going UL Data transmission
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Figure 4: HS-DPCCH performance at the Macro cell; No data transmissions

It is noted from the figures that as the imbalance increases, the required HS-DPCCH C/P to meet a target misdetection rate of 1% also increases. Furthermore, boosting the HS-DPCCH cannot resolve imbalances beyond 6dB even when there is no data. The impact on the Rx Ec/No and the required C/P to meet the targets are shown in Table 1.

Table 1: Required HS-DPCCH C/P and the Rx Ec/No impact due to HS-DPCCH Boosting

	Imbalance
	UL Data Transmitted
	No UL Data Transmission

	
	Required

HS-DPCCH C/P [dB]
	Excess LPN
Rx Ec/No [dB]
	Required

HS-DPCCH C/P [dB]
	Excess LPN
Rx Ec/No [dB]

	0
	3.62
	-
	4.84
	-

	3
	8.615
	1.592
	12.07
	5.9

	6
	21.30
	9.29
	21.56
	15.26


As seen from the table, the required C/P to achieve a 1% target misdetection rate is around 4dB when the imbalance is 0dB.The require C/P when the imbalance increases to 3dB increases a substantial amount. The increase is Rx Ec/No is also significant and is essentially unsustainable at 6dB. This is because the LPN becomes the dominant cell and is able to effectively power control the received DPCCH SIR. At med to large imbalances, the required HS-DPCCH C/P to achieve a target misdetection of 1% is quite high which causes the impact to the Rx Ec/No at the LPN.
The maximum possible C/P that can be configured is around 14dB for legacy users. 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%. 
This indicates that other solutions are necessary to ensure reliable HS-DPCCH decoding. 

5.2
Power Control Modifications

In these simulations, the LPN power control is effectively disabled for all the cases. This allows DPCCH to be power controlled in accordance with the channel characteristics seen at the Macro cell. However, since the UE is still in soft handover, the set point would be largely determined by the decoding statistics at the LPN. This is especially true as the imbalance increases.
Figures 5 and 6 shows the performance of the HS-DPCCH channel at the Macro cell when the LPN power control is disabled for different imbalance values when data transmissions are on-going and when they are turned off. 
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Figure 5: HS-DPCCH performance at the Macro cell; LPN PC Disabled; On-going UL Data transmission

It is noted from Figure 5 that at low imbalances, the required C/P is quite low due to the nature of the power control. However, this would cause additional Rx Ec/No impact at the LPN. This is shown in Table 2. Note also that while this solution could ensure HS-DPCCH reliability at low-mid imbalances, it would not be able to do so at very high imbalances.
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Figure 6: HS-DPCCH performance at the Macro cell; LPN PC Disabled; No data transmissions

Since the OLPC is disabled for the case with no data transmissions, the required C/P is always the same at the Macro cell to ensure reliable HS-DPCCH decoding. However, as the imbalance increases, the impact on the LPN Rx Ec/No becomes quite severe as shown in Table 2.

Table 2: Required HS-DPCCH C/P and the Rx Ec/No impact; LPN PC Disabled
	Imbalance
	UL Data Transmitted
	No UL Data Transmission

	
	Required

HS-DPCCH C/P [dB]
	Excess LPN
Rx Ec/No [dB]
	Required

HS-DPCCH C/P [dB]
	Excess LPN
Rx Ec/No [dB]

	0
	-2.62
	2.25
	-2.72
	1.48

	3
	-1.91
	5.22
	-2.53
	4.24

	6
	-0.82
	7.1
	-2.69
	7.25

	9
	2.74
	8.54
	-2.56
	10.6

	12
	14.09
	11.79
	-2.65
	13.48

	18
	
	
	-2.52
	19.56


As seen from the table, the required C/P to achieve a 1% target misdetection rate at low to medium imbalances is quite low. However, the Rx Ec/No increase as compared to the baseline is quite significant even at low imbalances. This is because of the lack of power control by the LPN. The solution begins to become unsustainable when data is transmitted at imbalances of 12dB. Imbalances larger than 12dB are expected to be common in typical hetnet deployments; therefore, this solution does ensure a measure of reliability for the HS-DPCCH channel at the cost of excess Ec/No at the LPN.
5.3
SIR Manipulation

In this scheme the set point is adjusted so that the effective HS-DPCCH Ec/No at the NodeB is adequate enough to ensure reliable decoding. The amount of adjustment corresponds to the imbalance between the Macro and the LPN. In addition, the E-DPDCH T/P is reduced to maintain the residual BLER. In the simulation we enable OLPC and vary the T/P which has the effect of increasing the SIR target. The residual BLER is maintained at 1% after 4 transmissions.
Figure 7 shows the performance of the HS-DPCCH channel at the Macro cell for an imbalance of 3dB for various T/P values when data transmissions are on-going. 
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Figure 7: HS-DPCCH performance at the Macro cell; On-going UL Data transmission; SIR manipulation
Figure 7 shows that as the T/P decreases the set point increases which improves the performance of the HS-DPCCH channel. Each T/P choice corresponds to an HS-DPCCH C/P value that meets the target requirements. The choice of the T/P and the HS-DPCCH C/P depends on the impact on the LPN Rx Ec/No. In order to choose the optimal value of T/P and set point, the minimum value of LPN Rx Ec/No is chosen.
Figure 8 shows the impact on the LPN Rx Ec/No for different T/P values for an imbalance of 3dB.
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Figure 8: LPN Rx Ec/No [dB] vs T/P [dB] at imbalance = 3dB.
As seen from Figure 8, the least impact on the LPN occurs at a T/P of 10dB. This is the optimal T/P choice that minimizes the impact on the LPN and also meets the performance requirements of the HS-DPCCH channel.
A similar analysis is performed for the other imbalance values and the optimal T/P value is chosen for each. The corresponding impact on the LPN Rx Ec/No is shown in Table 3. 
Figure 9 shows the performance of the HS-DPCCH channel at the Macro cell when there are no data transmissions for various set point values at an imbalance of 3dB. 
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Figure 9: HS-DPCCH performance at the Macro cell; No UL Data transmission; SIR manipulation

Similar to the case where data is transmitted, the performance in Figure 9 improves as the set point increases and the HS-DPCCH reliability can be ensured. However, the impact to the LPN can be come significant and is shown in Table 3.
Table 3: Required HS-DPCCH C/P and the Rx Ec/No impact; SIR Manipulation
	Imbalance
	UL Data Transmitted
	No UL Data Transmission

	
	Required

HS-DPCCH C/P [dB]
	Optimal T/P [dB]
	Excess LPN
Rx Ec/No [dB]
	Required

HS-DPCCH C/P [dB]
	Optimal Set point [dB]
	Excess LPN
Rx Ec/No [dB]

	0
	3.62
	12
	-
	4.84
	-21
	-

	3
	6.05
	10
	1.46
	6.28
	-19
	3.91

	6
	4.26
	6
	2.92
	7.9
	-17
	7.6

	9
	7.72
	4
	5.16
	5.89
	-13
	10.67

	12
	5.78
	0
	7.40
	3.65
	-9
	13.7416


It is seen from Table 3 that the range of imbalances that can be overcome using this scheme is from 0-12dB while still maintaining reliable HS-DPCCH decoding at the Macro cell. As the imbalance increases however, the increase in Rx Ec/No becomes significant. 
5.4
Introduction of a Secondary Pilot
In this scheme, a secondary pilot is introduced (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 in order to 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) 

Figure 10 shows the performance of the HS-DPCCH channel at the Macro different imbalance values when data is on-going and a secondary pilot is configured. Note that the HS-DPCCH C/Psecondary is shown with the secondary pilot as the reference.
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Figure 10: HS-DPCCH performance at the Macro cell; On-going UL Data transmission; Secondary Pilot

It is seen from Figure 10 that 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. The Rx Ec/No impact on the LPN would increase corresponding to the imbalance though and this is shown in Table 4. 
One advantage of this scheme is that it dynamically adapts to the necessary imbalance and does not require RRC signalling. The secondary pilot is configured once the RNC records an imbalance and the power control adjusts to the imbalance levels accordingly.

Figures 11 shows the performance of the HS-DPCCH channel at the Macro different imbalance values when there are no data transmissions and a secondary pilot is configured. Note that the HS-DPCCH C/Psecondary is shown with the secondary pilot as the reference.
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Figure 11: HS-DPCCH performance at the Macro cell; No UL Data transmission; Secondary Pilot
Similar to the case with data transmission, Figure 11 shows that the dynamic nature of the secondary pilot and the Macro power control ensures reliable HS-DPCCH decoding independent of the imbalance. The results and the impact to the LPN is summarized in Table 4. 

Table 4: Required HS-DPCCH C/P and the Rx Ec/No impact; Secondary Pilot
	Imbalance
	UL Data Transmitted
	No UL Data Transmission

	
	Required

HS-DPCCH C/P [dB]
	Excess LPN
Rx Ec/No [dB]
	Required

HS-DPCCH C/P [dB]
	Excess LPN
Rx Ec/No [dB]

	0
	-2.69
	0.105
	-1.43
	0.99

	3
	-2.62
	1.38
	-1.44
	3.17

	6
	-2.34
	2.48
	-1.41
	5.65

	9
	-1.75
	3.74
	-1.5
	8.07

	12
	-1.87
	5.63
	-1.36
	11.03

	18
	-1.68
	10.46
	-1.5
	16.82


6
Summary
A summary of all the results for the solutions considered are shown in Tables 5 and 6. 
Table 5: Required HS-DPCCH C/P and the Rx Ec/No impact when UL data is transmitted
	Imbalance
	Required

HS-DPCCH C/P [dB]
	Excess LPN
Rx Ec/No [dB]

	
	HS-DPCCH Boosting
	Power Control Modification
	SIR Manipulation
	Secondary Pilot
	HS-DPCCH Boosting
	Power Control Modification
	SIR Manipulation
	Secondary Pilot

	0
	3.62
	-2.62
	3.62
	-2.69
	-
	2.25
	-
	0.105

	3
	8.615
	-1.91
	6.05
	-2.62
	1.592
	5.22
	1.46
	1.38

	6
	21.30
	-0.82
	4.26
	-2.34
	9.29
	7.1
	2.92
	2.48

	9
	
	2.74
	7.72
	-1.75
	
	8.54
	5.16
	3.74

	12
	
	14.09
	5.78
	-1.87
	
	11.79
	7.40
	5.63

	18
	
	
	
	-1.68
	
	
	
	10.46


Table 5: Required HS-DPCCH C/P and the Rx Ec/No impact for no UL data transmissions 
	Imbalance
	Required

HS-DPCCH C/P [dB]
	Excess LPN
Rx Ec/No [dB]

	
	HS-DPCCH Boosting
	Power Control Modification
	SIR Manipulation
	Secondary Pilot
	HS-DPCCH Boosting
	Power Control Modification
	SIR Manipulation
	Secondary Pilot

	0
	4.84
	-2.72
	4.84
	-1.43
	-
	1.48
	-
	0.99

	3
	12.07
	-2.53
	6.28
	-1.44
	5.9
	4.24
	3.91
	3.17

	6
	21.56
	-2.69
	7.9
	-1.41
	15.26
	7.25
	7.6
	5.65

	9
	
	-2.56
	5.89
	-1.5
	
	10.6
	10.67
	8.07

	12
	
	-2.65
	3.65
	-1.36
	
	13.48
	13.7416
	11.03

	18
	
	-2.52
	
	-1.5
	
	19.56
	
	16.82


When comparison the results for all the schemes, the following observations can be made:
· HS-DPCCH boosting solution is not adequate to address imbalances larger than 3dB. Even at 3dB imbalance, it is not the most efficient of solutions with regards to the Rx Ec/No.
· Modification of power control procedures by disabling LPN power control is effective in ensuring HS-DPCCH reliability but add significant interference to the system in terms of the Rx Ec/No. 

· SIR manipulation and the introduction of a secondary pilot are the most effective solutions and cause the least amount of impact to the LPN. Among the two, the secondary pilot solution causes a lower impact to the LPN Rx Ec/No. Another advantage is the flexible adaptation to any imbalance seen between the two cells thereby reducing the RRC signalling overhead. 
· While the secondary pilot solution appears to be the most effective solution, it can only be applied to Rel-12 UEs. Legacy UEs would have to rely on other solutions to counter the imbalances seen in typical deployments. For legacy users, SIR manipulation is the most effective approach.
In summary, it is considered that SIR manipulation be applied to legacy users and a secondary pilot is considered for Rel-12 capable UEs. 
Proposal: The above results are captured in the Hetnet TR and a recommendation for the introduction of a secondary pilot is made.
7
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 results for different solutions like HS-DPCCH boosting, power control modifications, SIR manipulation and secondary pilot schemes were shown and compared. The comparisons of the schemes were based on the impact to the LPN Rx Ec/No. 

It was found that the most effective solution is the introduction of a secondary pilot as a phase reference for the HS-DPCCH and is power controlled exclusively by the Macro serving cell. 

Proposal: The results presented are captured in the Hetnet TR and a recommendation for the introduction of a secondary pilot is made.
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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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