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1 Introduction
During RAN#56, a study item (SI) was initiated on UMTS Heterogeneous Networks [1]. Deployment of low-power nodes (LPNs) is seen as a powerful tool to meet the ever-increasing demand for mobile broadband services. A LPN may correspond, for example, to a remote radio unit (RRU), pico, or micro base station, allowing expanding the network capacity in a cost-efficient way. A network consisting of traditional macro NodeBs and LPNs is referred to as a heterogeneous network. Two examples of use-cases for heterogeneous network deployment that may be envisioned are coverage holes and capacity enhancement for localized traffic hotspots. One objective with the SI is to [1] “Investigate uplink and downlink imbalance effects to uplink and downlink performance due to range expansion and identify potential mitigation techniques”. 
How to ensure reliable reception of UL control information is one of the main problems discussed extensively in 3GPP, and several potential solutions have been considered; see, e.g. TR [2] for a summary. In this contribution we will further compare some of these solutions and give some additional considerations. 
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. In such a scenario, the UL is better served by the LPN while the DL is provided by the serving 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; as shown in Figure 1. Also shown in Figure 1 is the so-called soft handover (SHO) region. This is the region where both Macro and LPN are included in the UE’s active set. In the imbalance/SHO regions, some fundamental UL problems may be encountered:
· Whenever the LPN is not included in the active set, the macro-served UE might create excessive and fluctuating interference towards the LPN. This might impact the performance of receiver algorithms and reduce the RoT budget, and therefore reduce the cell throughput in the LPN.
· Whenever the UE is in SHO (both Macro and LPN are included in the active set) and power controlled towards the LPN, it might be problematic to reliably receive essential control channel information 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. Consequences such as bad HSPA cell throughput in the serving cell, state-oscillations and dropped calls may otherwise be present. 
These problems have been extensively discussed in 3GPP and several solutions have been considered; see TR [2] for a summary.
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Figure 2: Illustration of a heterogeneous network deployment.
3 Discussion

Several solutions to the problems discussed in Section 2 have been proposed and evaluated by means of link-level simulations during the study item phase. In this section a general comparison of some of these solutions is made and a few remaining open issues are covered.
3.1 Methods
The following methods are considered:

1) Constrained ILPC restriction - One way of ensuring a reliable uplink towards the serving cell that has been extensively discussed would be to restrict the existing power control procedure by enforcing the UE to only follow power control commands from the serving cell (the UE would ignore LPN issued commands or one would ensure that LPN commands are always UP). For this to work properly one need to add additional constraints to ensure that the interference towards the LPNs (and other cells) is controlled:

a. UE constrained - One alternative is to let the UE control that the effective data transmit power does not become too high. For example, the UE could compare its instantaneous transmit power with its average transmit power and autonomously adjust the serving grant to keep a reasonable data power.
b. Network constrained – Another alternative is to let the network adapt the serving grant via the E-RGCH, and possibly also adjust the UEs gain reference values in order to control the LPN receive power.
2) SINR target manipulation – This scheme aims at adjusting the UEs SINR target to ensure a sufficient received power in the serving cell while at the same time adjust the UEs reference values to control the received power in the LPN (keep roughly the same receive data power at all times).
3) Secondary pilot - A secondary pilot is introduced in the uplink to act as a reference for the HS-DPCCH channel (phase reference and βhs reference) and is power controlled only by the serving macro cell.
4) Dynamic boosting - Dynamic boosting is an approach that aims at protecting the control channel of interest by dynamically updating the gain value of the physical channel in order to maintain its quality. Unfortunately, results [3] have shown that it is rather difficult to achieve robust operation of a dynamic power boosting scheme. Nevertheless, there are situations where dynamic power boosting might be very beneficial, and one example is for an initial UE grant request using the happy bit conveyed on the E-DPCCH. Poor reception of an initial grant request in the serving cell causes degraded end-user throughput or in worst case no UL granted rate at all. Hence, it would be beneficial to study power boosting for initial UE grant requests further as one potential component of the Rel-12 heterogeneous networks toolbox.

3.2 Comparison of Methods
The performance of the methods described in the previous section was presented in [4], and can be found in Table 1 below for easy reference. In this Table, the required HS-DPCCH C/P and the excess receive Ec/N0 that achieve a ~1% miss detection probability are listed for different imbalances. The excess Rx Ec/N0 is computed with respect to the baseline case (i.e., no solution applied, which is the same as desensitization at 0 dB imbalance) at imbalance = 0 dB. From the results it can be concluded that the ILPC restriction with E-DPDCH power constraint, the new pilot channel, and the SINR target manipulation schemes have very similar performance in terms of required transmit power and HS-DPCCH reception quality in the serving cell.

There are, however, some differences between the schemes that should be considered:

· The constrained ILPC restriction and the SIR target manipulation schemes can be applied to legacy users and ensure reliable reception of all control channels (HS-DPCCH, E-DPCCH, and in-band E-DPDCH control information) in the serving cell. One question is how frequently the constraints (SIR target, reference values or serving grant) need to be updated for satisfactory operation. Since for legacy users, some of this information is conveyed via quite slow and expensive higher layer signaling, possibly making the schemes less robust. 
· Several Rel-12 enhancements can be envisioned, for example, the E-DPDCH power restriction can be handled autonomously by the UE, which makes it easier to respond faster to link imbalance changes, and thereby provides more robustness. One question is whether the UE should be allowed to change reference values, and not only the serving grant, autonomously as well.
· The new pilot approach requires standardization changes and is therefore not applicable to legacy users. Also, the baseline solution addresses only the HS-DPCCH quality. The scheme can, however, be updated to take also E-DPCCH information into consideration. There will be an impact on both network nodes and UEs since the physical layer needs to be updated with the new pilot channel, and extra receiver processing is needed to estimate the additional channel and handle the HS-DPCCH power control. A benefit of this approach is that it is very dynamic and can respond quickly to changes in link quality.

A summary of the functional comparison of the schemes provided above is found in Table 2. Clearly, the constrained ILPC restriction and the SIR target manipulation schemes seem to have many advantages compared to the new pilot solution, but a key question to answer in order to make a final judgement is how frequent any constraints need to be updated for a robust enough operation. 
Table 1: Required HS-DPCCH C/P and excess Rx Ec/N0 to achieve ~1% miss detection probability (the baseline case is desensitization with imbalance = 0 dB)

	Imbalance [dB]
	Required HS-DPCCH C/P [dB]
	Excess Rx Ec/N0 [dB]

	
	Desensitization
	ILPC & (ed restriction
	SINR target manipulation
	Secondary pilot
	Desensitization
	ILPC & (ed restriction
	SINR target manipulation
	Secondary pilot

	0
	4.0
	-3.1
	0
	-2.63
	0
	-0.25
	-0.25
	0.15

	3
	4.0
	-3.1
	0
	-2.63
	3
	0.7
	-0.1
	1.65

	6
	4.0
	-3.1
	0
	-2.63
	6
	2.0
	1.3
	2.9

	9
	4.0
	-3.1
	0
	-2.63
	9
	3.7
	3.25
	4.15

	12
	4.0
	-3.1
	0
	-2.63
	12
	5.85
	5.6
	5.7

	18
	4.0
	-3.1
	0
	-2.63
	18
	11.05
	11.1
	9.9


Table 2: Functional comparison of some methods. 
	Properties
	Methods

	
	ILPC restriction

network const.
	ILPC restriction UE constr.
	SINR manipulation
	Secondary pilot

	Robustness 


	Control channel(s)
	High
	High
	Medium/High
	High

	
	Interference control
	Medium/High

	High
	Medium/High1
	High

	Standardization impact
	
	No/Low1
	Medium
	No/Low1
	High

	Product impact
	
	Low
	Medium
	Low
	High

	Legacy support
	
	Yes/No1
	No
	Yes/No1
	No

	Protects
	HS-DPCCH
	Yes
	Yes
	Yes
	Yes

	
	E-DPCCH
	Yes
	Yes
	Yes
	No

	
	E-DPDCH
	Yes
	Yes
	Yes
	No


4 Conclusion
In this contribution, we discussed the robustness of uplink control channels in heterogeneous networks. In particular, the problem of reliably receiving UL control channel information in the serving NodeB when a UE in SHO (both Macro and LPN are included in the active set) has a weak link towards the Serving cell in the Macro due to UL/DL imbalance has been addressed.
A general comparison of some of the most promising solutions have been made and a few remaining open issues have been covered.

Proposal: We propose to include the aspects discussed in this contribution in the technical report. The text in the accompanying TP [5] can be used for this purpose.  
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� Depending on how flexible signaling is needed; higher-layer signaling is supported today, whereas more dynamic L1 signaling requires standard changes.





