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1 Introduction
A working item on UMTS Heterogeneous Networks Enhancements was started in RAN#62 [1] and updated RAN#63 [8]. One of the objectives of this work item is:

Co-channel interference management - Specify solutions to mitigate UL/DL imbalance. (RAN1/2/3/4)

· Specify a solution to ensure the reliability of HS-DPCCH and other uplink channels (DPCCH, E-DPCCH and E-DPDCH), considering the introduction of additional channels or dynamic power adjustments of control and data channels.
This objective says that one solution for ensuring that uplink control channel information is reliably received in the serving cell in a heterogeneous network deployment should be specified in release 12. More specifically, we should consider how to ensure that essential control information is reliably received in the serving cell when a user is in soft handover with a serving Macro cell and at least on LPN in the active set.

A survey on some candidate solutions for enhancing the reliability of UL control channels at the serving Macro cell is given in [7], where we also motivated why we propose to focus on the secondary pilot solution in further specification work. The ability of the secondary pilot to protect the HS-DPCCH was demonstrated in [5]. It was also shown there that the impact of the secondary pilot on the total transmit power and consequently, on the rise-over-thermal (RoT) at the LPN is comparable to other solutions. In this contribution, we build on previous results by presenting further aspects of the secondary pilot scenario, namely, the ability of the secondary pilot to protect the happy bit at the serving Macro cell. 
2 The Uplink/Downlink Imbalance Problem

The co-channel heterogeneous network deployment scenario has LPNs deployed within the macro-cell coverage area, where the transmission/reception points created by the LPNs have different cell IDs as compared to the macro cell. Since LPNs and macro NodeBs may have different transmit power levels, the uplink and downlink cell borders will not necessarily coincide. An example of this is when a UE has a smaller path loss to the LPN, while the strongest received power is from the macro NodeB. The region between the equal path loss border and equal downlink received power (CPICH receive power) border is referred to as the imbalance region; see Figure 1. When the UE is in SHO in this region (both Macro and LPN are included in the active set) and therefore essentially power controlled towards the LPN, it might be problematic to reliably receive control channels in the serving cell (macro NodeB) due to the weak link between the serving NodeB and the UE. For example, the HS-DPCCH (which carries HARQ-ACK and CQI information to support DL data transmission) and in-band/out-band scheduling information need to be received in the serving cell with sufficient good quality. The unreliability of the HS-DPCCH at the serving Macro was demonstrated in [4]. In the sequel we show that a similar problem also exists for the E-DPCCH. Consequences such as bad HSPA cell throughput in the serving cell, poor user throughput/experience, state-oscillations and dropped calls may otherwise be present. 
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Figure 1: Illustration of a heterogeneous network deployment.

3 Results
In this Section, we present link level results obtained under the simulation assumptions in the Appendix. All the cases involve the transmission of a secondary pilot, in the following referred to as “DPCCH2”. As we mentioned earlier, the focus is on the E-DPCCH since the HS-DPCCH in the secondary pilot scenario has been treated earlier.
In the LPN the channel estimation done for data and control channel detection and SIR estimation for power control, are both based on DPCCH. At the Macro cell on the other hand, channel estimation for data and control channel detection is based on DPCCH2 since it is the stronger one of the pilots.  For power control, the Macro estimates SIR from both DPCCH and DPCCH2 since the Macro power controls the two pilots separately.
3.1 Baseline performance of the E-DPCCH in a DPCCH2 scenario

We start by demonstrating that there is in fact a problem with the E-DPCCH reception at the serving Macro cell in a co-channel heterogeneous network deployment. By baseline, we mean the case where the E-DPCCH uses the DPCCH as its reference channel. Figure 2 depicts the BLER of the E-DPCCH
 and the happy bit error rate both at the serving Macro and at the LPN. 
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Figure 2 Performance of the E-DPCCH and the happy bit at the serving Macro and the LPN, when DPCCH2 is present but DPCCH is used as reference for E-DPCCH.
Evidently, the E-DPCCH BLER in serving macro increases with the imbalance. At imbalance = 12 dB, it is already 50%. At the LPN on the other hand, the BLER decreases with imbalance. The reason for this is the “or-of-the-downs” rule employed in combining the Macro’s and LPN’s TPCs for the DPCCH. As the imbalance increases, the Macro’s jurisdiction over the DPCCH power decreases. Hence, the DPCCH SIR converges to its target at the LPN as the imbalance increases. Since the E-DPCCH power is set relative to the DPCCH, it benefits equally from this “or-of-the-downs” rule and its BLER drop with the imbalance. The “or-of-the-downs” is also the reason behind the slightly better performance of the E-DPCCH and the happy bit at the Macro compared to the LPN at imbalance = 0 dB but from a somewhat different perspective. As mentioned earlier, channel estimation for detecting the data and control channels relies on the DPCCH2 at the Macro and on the DPCCH at the LPN. Since it is only the Macro that power-controls the DPCCH2, it succeeds in meeting its target. At imbalance = 0 dB, both the Macro and the LPN share equal jurisdiction over the DPCCH power, therefore it fails to exactly meet its target at both nodes in this case. Because both targets of the pilots are equal with the DPCCH2 being met at imbalance = 0 dB and the DPCCH falling below it, the quality of the channel estimation using the DPCCH2 at the Macro is better than that using the DPCCH at the LPN. The better channel estimates in this case cause the slightly better performance at the Macro. However, this better performance is soon lost as the imbalance increases.
3.2 Using the DPCCH2 as the reference channel for the E-DPCCH
By treating the E-DPCCH like the HS-DPCCH and making it use the DPCCH2 as its reference channel, its quality can be guaranteed at the Macro since the later power-controls the DPCCH2. Figure 3 illustrates the BLER of the E-DPCCH at the serving Macro in this case as compared to the baseline. It is clear that the performance is now independent of the imbalance. The happy bit error rate when DPCCH2 was used as reference was so low that no line has been plotted. It can be seen further that the E-DPCCH quality at the serving Macro is unnecessarily good, indicating that the power of the E-DPCCH could be reduced, either by reducing the DPCCH2 SIR target or by reducing the E-DPCCH C/P ratio. However, in doing this the E-DPCCH power at the LPN would still need to be secured.
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Figure 3 Comparison of the performance of the E-DPCCH and the happy bit when DPCCH2 is present and the E-DPCCH uses the DPCCH or DPCCH2 as the reference channel.
One final question that we answer here is the impact on the receive power at the LPN, when DPCCH2 is used instead of DPCCH as reference for E-DPCCH. Figure 4 shows a comparison of the receive power for the two cases: i) baseline with a DPCCH2 but E-DPCCH set relative to DPCCH and ii) using DPCCH2 as reference for E-DPCCH
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Figure 4 Receive power at the LPN when DPCCH2 is present, and DPCCH or DPCCH2 are used as reference for E-DPCCH.
As expected, using DPCCH2 as reference for E-DPCCH somewhat increases the receive power at the LPN, since the better E-DPCCH performance comes from a higher E-DPCCH power being used. At an imbalance = 12 dB, the increase is about 1 dB. This value will change for different DPCCH2 SIR targets and E-DPCCH power offsets. It shall be noted that this 1 dB increase of received power is for this specific link only. The impact on total RoT in the LPN will be smaller since not all radio links are in SHO.
In general, it shall be said that optimization potential exists when it comes to the power settings for the secondary pilot scheme. Potentially the DPCCH2 SIR target could be reduced, and it may also be possible to reduce the E-DPCCH C/P and still achieve sufficient E-DPCCH performance both at Macro and LPN.

3.3 Summary

We summarize the findings in this contribution in the following observations:

Observation 1: Using the DPCCH as reference for E-DPCCH results in severe detection and demodulation problems in the serving Macro cell in scenarios with link imbalances. 

Observation 2: Using the DPCCH2 as reference for E-DPCCH ensures a reliable reception in the serving Macro cell in all scenarios.

Observation 3: Using the DPCCH2 as reference for E-DPCCH increases the LPN interference by a small amount in scenarios with link imbalances.
Observation 4: Further optimization of the secondary pilot scheme SIR targets and power offsets may be possible.
4 Conclusion
In this contribution, we address the performance of the E-DPCCH in a secondary pilot scenario. A comparison of the performance of the E-DPCCH with its reference channel being the DPCCH or DPCCH2 is done. It is shown that adding the E-DPCCH relative to the DPCCH2 protects it at the Macro cell without significantly increasing the receive power at the LPN.
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6 Appendix
Table 1: Table 1 Baseline link level simulation parameters.

	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]
	12 dB

	HS-DPCCH C/P [dB]
	-9.54 … 14.09 (simulations based on -3 dB)

	E-DPCCH C/P [dB]
	0 dB

	CQI Feedback Cycle
	1 TTI

	Chip SIR Target of DPCCH [dB]
	-21 dB

	Chip SIR Target of DPCCH2 [dB]
	-21 dB

	False Alarm Target
	1%

	Target Misdetection (for HARQ ACK)
	(simulations based on 1%)

	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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� An E-DPCCH block consists of 10 information bits: 1 happy bit, 2 RSN bits and 7 E-TFCI bits. Encoding of the E-DPCCH is done using a sub-code of a second-order Reed-Muller code of rate 1/3 to generate 30 coded bits [8 Section 4.9]. The block error rates shown are post ML decoding of the E-DPCCH block.





