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1 Introduction
During RAN#56, a study item (SI) was initiated on UMTS Heterogeneous Networks [1]. In this contribution, we propose a text proposal on the robustness of uplink control channels in heterogeneous co-channel network deployments. This TP can be used as a basis for the associated chapter in the technical report (TR) [2]. The TP is based on the contribution [3].
2 Text Proposal
[-------------------------------------------------TEXT START -----------------------------------------------]
3 Aspects of Hetnets
3.1 Interference in co-channel scenario
3.1.1 Uplink/Downlink Imbalance Issues
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; see Figure 1. In this region, some fundamental UL problems may be encountered:
· Whenever the LPN is not included in the active set, the 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. 
To address some of the problems described above, available network parameters such as the Cell Individual Offset (CIO) and handover thresholds can be adjusted to achieve range expansion and soft handover extension. This will allow the SHO region to cover parts of or in case of a limited imbalance level the entire imbalance region; see Figure 2. One positive effect from this is that the problem of UEs creating excessive interference towards the LPNs is reduced. 
Another aspect of a heterogeneous network deployment where LPNs have less transmit power than Macros is that the traffic uptake by the LPNs and therefore the effect of macro traffic offloading may be very limited. From network management perspectives, it is useful to be able to control the level of macro-cell offloading according to traffic load and distribution. Techniques that can be used to expand the service area of a small cell, such as range expansion, are desirable as they can be used to achieve load balancing between macro and small cells. Unfortunately range expansion introduces new DL interference problems that need to be mitigated by different techniques, such as Restricted Resource Subframes (RRS), Almost Blank Subframes (ABS), scheduling coordination & UE inter-cell IC, etc. DL interference problems and possible remedies are not treated in this contribution.
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Figure 1
: Illustration of a heterogeneous network deployment. 
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Figure 2: Illustration of a heterogeneous deployment with range expansion and SHO extension.
3.1.1.1 Essential UL control information in the serving cell
Next we focus on reliable reception of UL control channel information in the serving cell when a UE in SHO (both Macro and LPN are included in the active set) has a weak link towards the serving Macro cell due to UL/DL imbalance. The following UL channels are considered:
· HS-DPCCH – The HS-DPCCH carries UL control information, such as HARQ ACK and PCI/CQI, related to DL transmissions. Poor reception quality of the HS-DPCCH in the serving cell will cause degraded HSDPA cell and end-user throughput.
· E-DPCCH – The E-DPCCH carries information about E-TFCI, re-submission number (RSN), and happy bit. The E-TFCI indicates which TBS the UE has employed and is used for demodulating and decoding data carried on E-DPDCH. The RSN is used for HARQ combining purposes. It should be noted that during SHO it is in general enough that one node (typically the LPN in this case) receives control information related to payload data demodulation reliably. Furthermore, the E-TFCI provides information about the gain factors used for E-DPDCH which can be useful for scheduling purposes. The happy bit is used by the UE to inform the network that it would benefit from a higher grant. Hence, the happy bit provides the network with important scheduling information. Poor reception of the happy bit in the serving cell can cause worse end-user throughput and in worst case no UL granted rate at all.
· E-DPDCH – The E-DPDCH carries payload data and also occasionally in-band scheduling information, e.g. buffer and power statuses. Reliable reception of payload data in the serving cell is not crucial since it is enough that one node (in this case the LPN) receives it reliably. Also, it is worth noticing that for moderate to high data rates, the E-DPDCH is, in general, more costly in terms of power than other UL channels. Furthermore, it should be noted that if the UE has no grant it only reacts on DL HARQ feedback from the serving cell, i.e. HARQ feedback from non-serving cells is ignored. The reason is that it is the serving cell that needs to receive the grant request. Poor reception of the in-band scheduling information in the serving cell can consequently cause degraded end-user throughput and in worst case no UL granted rate at all.
· DPCCH – The DPCCH carries pilot bits and is used for channel estimation, path searching, synchronization, etc. Hence, a sufficiently good DPCCH reception quality is required to ensure reliable detection of any other UE channel. 

From the discussion above it is clear that reliable reception of DPCCH, HS-DPCCH and E-DPCCH are crucial for good system performance, whereas the E-DPDCH quality might be less important, at least if in-band scheduling information is not considered.
The power levels of UL channels are set relative the DPCCH power via channel dependent beta-values. The DPCCH power is adjusted by means of fast power control to meet the SIR target, and the SIR target is controlled by the OLPC to make sure that E-DPDCH satisfies a certain QoS target (number of transmissions for successful decoding). Hence, the DPCCH SIR operating point can be adjusted by choosing smaller or larger beta-ed values. Clearly, depending on how one chooses to operate the system will affect the severity of the imbalance problems discussed above. For example, operating at a low DPCCH SIR means that the channel estimate becomes more sensitive to a reduction in received signal quality. Furthermore, it should be noted that the impact of the problems discussed above in practice will depend on several factors, such as margins being used in the system and the size of the UL/DL imbalance region.
Needless to say, heterogeneous network deployments need to work for legacy users. This means that the problems discussed above need to be addressed taking legacy into account. Nevertheless, this does not preclude that performance enhancing features requiring standardization are considered for Rel-12. One can envision that heterogeneous networks at a first stage are deployed using simple and robust means to reduce to impact of the problems discussed above, and at a later stage the performance is improved by introducing Rel-12 standardized features.
4 Solutions and Techniques

4.1 Solutions for Co-Channel Scenarios
4.1.1 Legacy solutions
Several solutions to handle the UL control channel reception problem that are applicable to all users, including legacy users, can be envisioned, such as
· LPN Padding/Desensitization – By adding artificial noise to the received signal in the LPN, the received SINR becomes worse. This implies that the UE needs to increase the transmit power to reach the SIR target which means that the reception quality in the Macro increases. LPN Padding/Desensitization is a way of reducing/removing the imbalance between UL and DL.
· SIR target manipulation – Another way to ensure that the DPCCH SIR does not decrease too much in the serving cell is to manipulate the SIR target, for example setting a floor to the SIR target, or giving higher priority to commands originating from the serving cell. 

· Parameter tuning – Yet another alternative to decrease the imbalance region and the affect from the imbalance is to adjust available parameters, such as beta-values (delta values), employ repetition, or adjust cell individual offsets and SHO parameters. These adjustments can be semi-static or dynamic.
All these methods provide simple and robust solutions that aim at reducing or limiting the UL/DL imbalance. However, at the same time some of these methods reduce some of the benefits offered by a heterogeneous network deployment. For example, desensitization implies that the interference level increases in the LPN, which affects coverage and the off-loading capacity of the LPN. More importantly, most of these solutions affect all users in the system, meaning that one setting that takes the worst case into account needs to be employed. Hence, users in good positions (e.g. close to LPN) will suffer since there might be users in bad positions (experiencing a large imbalance) that need to be accounted for.
4.1.2 Rel-12 Enhancements
Different solutions to handle the UL control channel reception problem that require standardization support can be considered. The objective is to solve the problem while retaining as much as possible of the benefits offered by heterogeneous network deployments. Furthermore, these solutions should preferably be applied independently to different users, meaning that a user in a good position should not suffer much if a user in a bad position employs a particular method. Examples of such solutions include:
· Active set manipulation - Power control towards the weakest link or ignoring power control commands from strong non-serving cells are examples of possible solutions. These solutions have a severe drawback, namely that the interference towards the LPN increases, and therefore causing worse LPN performance (e.g. reduced coverage and off-loading capacity).
· Dynamic parameter tuning – In heterogeneous network deployments it might be beneficial to have more dynamic ways of handling parameter settings.
· Moving the control of gain values (delta values) from the RNC to relevant nodes. This allows more dynamic signalling of parameter settings via e.g. HS-SCCH orders instead of relying on slow RLC signalling. Furthermore, it makes it possible for a node that experiences poor reception of a channel to quickly react and order the UE to increase corresponding gain value(s).

· One issue is that for some physical channels all involved nodes (NodeBs and UEs) need to have a consistent view on what gain values are used. In this case it might be difficult to let the nodes operate independently of each other since that might lead to miss-matches between them. However, for other channels a unified view might be less important, making independent and dynamic gain value signalling an attractive approach. Whether a unified view on gain values is important depends on a number of factors, such as the receiver structure.
· Boosting – Power boosting of individual uplink channels is one interesting approach to ensure reliable reception of control information. This is closely related to the previous bullet and a central question is how dynamic the boosting needs to be. One alternative is to boost via HS-SCCH orders, and another is to introduce a separate power control loop for channels that need to be boosted.
· Additional pilots – As discussed earlier, it is important to receive pilots with sufficiently good quality. One way to ensure this would be to boost the DPCCH, but this might be tricky since powers of other channels are set relative the DPCCH. Another alternative could be to introduce new and boosted pilots for UEs experiencing problems with the DPCCH quality.
· DPCCH operating point manipulation – The quality of the E-DPDCH is essentially determined by the total power on E-DPDCH. Consequently, if the DPCCH SIR is increased while the beta-ed is decreased correspondingly, the quality of E-DPDCH will be maintained. Hence, by reducing the beta-ed, the DPCCH SIR is forced to increase, and the quality of DPCCH (and all other channels except E-DPDCH) is increased. This is one way of increasing the power of all channels except the E-DPDCH. This is beneficial since the quality of control channels increases and it avoids boosting the costly E-DPDCH.
Possible Rel-12 enhancements need to be analyzed to show benefits and drawbacks during the study item phase.
[---------------------------------------------------TEXT END ------------------------------------------------]
5 Conclusion
In this contribution, a TP on the robustness of uplink control channels in heterogeneous co-channel network deployments. This TP can be used as a basis for the associated chapter in the technical report (TR) [2].
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