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1
Introduction

In TSG-RAN#50, a study item on heterogeneous network was initiated [1]. One of the topics that is to be studied is the issue of uplink and downlink imbalance in co-channel deployments and the effect that it has on the control channel decoding performance. In this contribution, we highlight the issue and suggest some solutions for the problem.

2
Background
Typical deployments of LPN within the coverage of a macro cell result in transmit power imbalances between the Macro and the LPNs. Figure 1 illustrates a typical heterogeneous network. 
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Figure 1: Hetnet Deployment with Macro and LPNs
Since the active set maintained at the UE is currently based on the signal strength on the downlink, this leads to a smaller coverage area for the LPN since it transmits at a lower power level as compared to the Macro cell. However, when considering the uplink, the coverage areas correspond to the received signal strength at the Macro and the LPN. This leads to somewhat equal coverage areas on the uplink. 

The difference in uplink and downlink coverage areas in heterogeneous networks is referred to as Uplink/Downlink imbalance and is illustrated in Figure 2 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 2: UL/DL imbalance represented due to Tx Power differential
2.1
Impact on HS-DPCCH
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 to the LPN 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 could 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.

We also demonstrate this impact on the HS-DPCCH by a simulation. In the simulation conducted, we focus on the case there the LPN’s have a transmit power of 30dBm (1W). We also assume that small power nodes have the same UL noise figure (sensitivity) as the macro-cell. The cell that has the strongest received CPICH RSCP at the UE receiver will be the serving cell. 

Since the pilot consumes 10% of the total power at each node, the largest UL imbalance is effectively the power difference between the small power node and macro-cell which is around 13dB in this case. 

UL/DL imbalance is computed for each UE in the system as follows:
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Based on the results obtained, we note that around 40% of the UEs are in SHO, among which about 28% of UEs are have the Macro cell as the serving cell. Figure 3 shows the imbalance distribution for the UEs in soft handover in the entire system. 
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Figure 3: UL Imbalance CDF for SHO UEs
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Figure 4: HS-DPCCH ACK->DTX Err Prob CDF


From Figure 3, it can be seen that 20% of the UEs that are in SHO observe UL imbalance higher than 8dB. This corresponds to around 8% of the total UE population. The pilot channels from theseUEs would be received at the Macro serving cell at very low pilot SINR values (~ -30dB). Finger tracking loops in practical NodeB receivers would be challenged at such low pilot power level. This would in turn affect the decoding performance of the HS-DPCCH channel as shown in Figure 4.

Figure 4 shows the ACK -> DTX error probability CDF for the whole UE population. High ACK -> DTX probabilities lead to additional DL retransmissions which affect DL throughputs. In the following, we suggest some ways by which this impact could be mitigated.

3
Solutions for UL/DL Imbalance in Co-Channel Scenarios
The following solutions are suggested to mitigate the impact of the UL/DL imbalance on the control channel decoding performance. 

Uplink Padding at the LPN
The addition of padding on the uplink at the LPN has the effect of increasing the attenuation on the UL and consequently, the path loss, to the LPN. By appropriately choosing the UL padding it is possible to align the UL and DL boundaries thereby eliminating the impact of the imbalance. 
However, the application of padding causes the UE’s that are served by the LPN to transmit at higher power levels which causes additional interference to the Macro cell and the system as a whole. This impacts the performance of the entire system and should be evaluated along with the benefit due to the effect of reducing UL/DL imbalance. 

HS-DPCCH Power Offset Boosting
In Rel-11, additional power offset values were added to the HS-DPCCH channel. This was intended to allow both the serving and assisting cells to decode the HS-DPCCH channel in a multiflow configuration.

A similar approach could be adopted for Heterogeneous networks as well. Based on the received SIR measurements from the Macro and LPNs, the RNC could estimate the amount of imbalance between the two cells. The HS-DPCCH could then be boosted accordingly to overcome the imbalance. 

However, note that high HS-DPCCH C/P values may not be sufficient to ensure reliable decoding of the HARQ-ACK and CQI. The DPCCH SNR received at the Macro could be low enough to prevent effective channel estimation and impact the phase reference. 

Power Control Enhancements

In scenarios where the UL imbalance is too high, the power control procedure could be modified to allow for the affected cell (Macro) to decide the control channels. The RNC could estimate the power imbalance based on the received SNRs at the Macro and LPNs and if the imbalance was too high, it could instruct the UE to obey commands only from the Serving cell. 

Such a modification to the power control procedure would ensure reliable control channel decoding at the Macro. However, the UEs in soft handover regions would transmit at higher power levels causing excess SNR levels at the LPN. Note though, that the LPN is able to decode the received signals from the UE (since it would be in the active set); it may be possible to cancel this interference thereby reducing the impact of this additional interference.
Note that due to the changes in legacy power control procedures, this solution would be applicable only to Rel-12 UEs.  

Active Set Management

The UE’s active set size could be reduced to resolve this issue. In this scheme, the RNC – once it has detected the amount of imbalance between the Macro and the LPNs, would remove the stronger uplink from the active set. This would result in the UE effectively being power controlled by the Macro cell. 

Note that the gains that can be achieved due to soft handover can still be achieved since the LPN could monitor and decode the uplink of the UE. The LPN can also manage the excess interference caused due to the higher UE transmit power by employing IC. 

This solution can be applied to both legacy and Rel-12 UEs.

Introduction of a Secondary Pilot
A change in the physical layer could also mitigate the impact on the control channel. If a secondary pilot is introduced on the uplink and is power controlled only by the weaker Macro cell, then this would ensure adequate channel estimation and a phase reference. The HS-DPCCH would also be transmitted based on the transmit power of the secondary pilot which would ensure effective control channel decoding performance.
Note that the E-DPCCH and the data channels would still be based on primary pilot and since the UE is in soft handover, the UL data decoding performance is not affected. This solution causes a lower interference impact to the system as the only channel that is effectively boosted is the HS-DPCCH channel. 

Proposal 1: The following solutions are considered and evaluated for resolving Uplink/Downlink imbalance aspects in Co-Channel deployments:

· Uplink padding at the LPN

· HS-DPCCH power offset boosting

· Modifying power control to follow only the Macro
· Manage active set by removing the LPN 
· Introduction of a secondary pilot to ensure reliable decoding at the Macro
4
Modeling of HS-DPCCH Performance

The solutions that are proposed in the previous section have to be evaluated for their effectiveness in mitigating the impact to the control channel due to the introduction of LPNs. Table 1 shows a list of link simulation assumptions that can be used to model the HS-DPCCH decoding performance. Solutions suggested in the previous section as well as any other potential solutions can be modeled using the same framework. 
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]
	TBD

(The values are input from an uplink system simulation)

	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

	SIR Target
	TBD

(the average SIRs that correspond to the imbalances are input from the UL system simulation)

	False Alarm Target
	1%

	Target Misdetection or Decoding Error
	TBD

(Input from the UL system simulation)

	Number of Rx Antennas
	2

	Channel Estimation
	Realistic

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	OFF

	Propagation Channel
	PA3, VA30

	NodeB Receiver Type
	Rake Receiver


4.1
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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where
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For example, when two carriers are active, 
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ranges from 0 to 2 in this example.
Proposal 2: The simulation assumptions in Table 1 are adopted for HS-DPCCH performance evaluation in Heterogeneous networks.
5
Conclusions
In this document, we discuss the issue of uplink and downlink imbalances and suggest some solutions to resolve the issue. The following proposals are made:

Proposal 1: The following solutions are considered and evaluated for resolving Uplink/Downlink imbalance aspects in Co-Channel deployments:

· Uplink padding at the LPN

· HS-DPCCH power offset boosting

· Modifying power control to follow only the Macro
· Manage active set by removing the LPN 
· Introduction of a secondary pilot to ensure reliable decoding at the Macro
Proposal 2: The simulation assumptions in Table 1 are adopted for HS-DPCCH performance evaluation in Heterogeneous networks.
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