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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 can be reliably received in the serving cell in a heterogeneous network deployment should be specified in release 12. More specifically, we should consider how to guarantee 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.
In this contribution, we provide our view on the preferred solution to the aforementioned problem. A thorough discussion regarding benefits, drawbacks and performance of the scheme with respect to a number of design objectives is also given. The discussion is followed up by simulation evaluations in two accompanying contributions [6, 7].
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 Node Bs 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 Node B. 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 Node B) due to the weak link between the serving Node B 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, 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 Discussion
During RAN1#76, a number of solutions addressing the uplink control channel robustness problem were discussed, including (see also [2]):

1. Virtual secondary pilot (see Proposal 3 in [3]) – In this scheme the DPCCH is solely power controlled by the serving cell and only HS-DPCCH is set relative DPCCH. The power of E-DPDCH is set relative E-DPCCH and E-DPCCH is power controlled by the non-serving cell(s). Hence, the existing power control mechanism is split into two independent power control loops, one controlling the DPCCH in the serving cell and another controlling the E-DPCCH in non-serving cell(s).  
2. Dynamic rate and power adjustment (see [4]) – In this scheme the DPCCH is solely power controlled by the serving cell and all other uplink physical channels are set relative DPCCH according to legacy operation. The TPC commands from non-serving cell(s) are further reinterpreted as relative grant commands, and would essentially replace the existing E-RGCH. Also here, the existing power control mechanism is split into two independent loops, one controlling the DPCCH quality in the serving cell and one serving as a new fast relative grant loop from non-serving cell(s).
3. Dynamic LPN ILPC restriction (see 2nd solution in [5]) – In this scheme the DPCCH is solely power controlled by the serving cell and all other uplink physical channels are set relative DPCCH according to legacy operation. This power control operation is achieved by either having the non-serving cells always issue TPC UP commands, or having the UE ignore the TPC commands from non-serving cells. To limit the interference in the non-serving cell(s), the serving grant needs to be reduced via E-AGCH or E-RGCH. Letting the serving cell control the DPCCH implies that the DPCCH SIR in the non-serving cells will increase significantly. To make use of the increased DPCCH SIR in the non-serving cells, the reference value setting can be set more aggressively. The aim is essentially to have roughly the same throughput before and after the decrease in serving grant.
4. Secondary pilot (see [5]) – In this scheme a secondary uplink pilot is introduced that is solely power controlled by the serving cell, and HS-DPCCH is set relative this new pilot. Other uplink physical channels will follow legacy operation. One benefit of this approach compared to other schemes is that the additional power control loop can be completely independent of the legacy DPCCH TPC loop. Hence, the setting of the SINR target for the legacy DPCCH TPC loop is unaffected, i.e. does not need to take the quality of HS-DPCCH or E-DPCCH into consideration, and the SINR target for the secondary pilot can be set to guarantee a sufficient received SINR for HS-DPCCH and/or E-DPCCH. 
At RAN1#76, it was also discussed how to assess the performance of these schemes. The following metrics were listed as important:

1) HS-DPCCH quality – A common theme for all schemes is that HS-DPCCH is set relative a pilot channel that is solely power controlled by the serving cell. Hence, the detection performance of HS-DPCCH should be similar for all these schemes.

2) E-DPCCH quality – The E-DPCCH needs to be reliably received in the serving cell in order to obtain scheduling information, e.g. the happy bit. The E-DPCCH is also required in order to demodulate E-DPDCH. Hence, it needs to be received in both the serving cell and non-serving cell(s). With respect to E-DPCCH quality, the different schemes seem to differ. Both the dynamic rate and power adjustment approach and the dynamic LPN ILPC restriction scheme set the E-DPCCH relative DPCCH that is only power controlled by the serving cell. Hence, the E-DPCCH will be reliably received in the serving cell for these algorithms. Also, as the link from the UE to the serving cell in general is much worse than other links in the active set, the E-DPCCH can also be reliably detected in non-serving cells. For the virtual secondary pilot approach it seems more difficult to ensure that E-DPCCH is reliably received in the serving cell since the serving cell has no means to affect the E-DPCCH quality. The secondary pilot approach can easily be extended to let the E-DPCCH be set relative the secondary pilot which would ensure that E-DPCCH can be reliably received in the serving cell, as well as in the non-serving cell.

3) Uplink interference level in the LPN - During the study item phase it was shown that all the relevant release 12 schemes perform very similar in terms of uplink interference in the LPN. 

4) F-DPCH power control – How to guarantee that the DL TPC commands are reliably received in relevant nodes is something that needs to be addressed and evaluated for all schemes. The secondary pilot approach has the benefit that a completely new power control loop is introduced which makes it possible to process two different sets of DL TPC commands for controlling, for example, the serving and non-serving F-DPCH power independently.

5) Complexity and standard impact – Any scheme that introduces new functionality or updates existing functionality results in increased complexity, both in the network and in the UE. All discussed schemes seem to have reasonable complexity level, although it is difficult to compare them in detail without knowing the overall detailed solution for each of the schemes. It is reasonable to assume that the secondary pilot solution is somewhat more complex than the other schemes though. 
In addition to the metrics listed above, there are a number of other key aspects that should be considered:

· A standardized scheme should preferably not depend on other features. For example, it should not be required that E-DCH decoupling is configured in order to comply with the design objectives discussed above. The virtual secondary pilot scheme is one solution that would work if E-DCH decoupling is employed, but not otherwise, since there is no control to ensure that E-DPCCH is reliably received in an E-DCH serving cell.
· The scheme should be inherently robust against changes in the effective imbalance. This means, for example, that the algorithm should perform well also in scenarios with balanced links between the UE and the serving cell and the UE and non-serving cells. In this case, macro diversity benefits should preferably be visible. This also means that all links should have some means to affect the DPCCH power. One observation is that the secondary pilot approach satisfies this robustness aspect since processing of E-DPDCH remains as for legacy, whereas the other schemes seem to be less robust in this respect. In particular, the dynamic rate and power adjustment scheme could suffer from the lack of power control of DPCCH in non-serving cells and lose all macro diversity gain.
· Yet another aspect that needs to be considered is the robustness of the scheme when entering soft-handover with more than one Macro or more than one LPN. Also here the secondary pilot approach can work well in such scenarios since E-DPDCH is subject to legacy operation and there is a separate and independent power control loop that ensures that essential uplink control information always reaches the serving cell.

· Finally, the scheme should preferably offer significant benefits over legacy solutions. For example, both the dynamic LPN ILPC restriction approach and the dynamic rate and power adjustment scheme seem to offer limited gains and/or functionality over what can be done within the existing standard. More specifically, both the dynamic LPN ILPC restriction approach and the dynamic rate and power adjustment scheme can be done within the existing standard, where, for example, the E-RGCH is used to control the interference level in the non-serving cells.
In light of the discussion above, the secondary pilot approach seems to satisfy most of the main design objectives. With some additional enhancements, the secondary pilot scheme can provide a very robust and flexible solution addressing all the key problems.

4 Proposed Solution
A secondary uplink pilot physical channel, referred to as DPCCH2 hereafter, is introduced to facilitate a separate independent TPC loop solely controlled by the serving cell. Hence, the serving cell keeps a SIR target for DPCCH2 and compares the received measured DPCCH2 SIR to this target and either transmits an UP or DOWN command. The UE then adjusts the transmission power for DPCCH2 according to the received command. The legacy DPCCH based TPC loop is kept unchanged and is therefore subject to Macro diversity, i.e. all links in the active set may potentially affect the UE’s DPCCH transmit power.

Proposal 1: Introduce a secondary physical uplink pilot channel solely power controlled by the serving cell, and let this serve as the basis for ensuring reliable reception of uplink control channels in the serving cell.
The intention with introducing a secondary pilot is to be able to reliably receive uplink control information in the serving cell even though the received DPCCH quality might be poor due to link imbalances. Downlink related control information is carried on the HS-DPCCH, which consequently needs to be reliably received in the serving cell.

Proposal 2: The HS-DPCCH uses the secondary pilot as its reference channel (when enabled), i.e. the power of HS-DPCCH is set relative DPCCH2.

Out-band uplink related control information is carried on the E-DPCCH. More specifically, the serving cell needs to receive at least the happy bit in order to handle grant requests from the UE. In the worst case, if the serving cell does not receive the happy bit, no grant will be given to the user and the UL throughput might be completely starved, which in the long run also affects downlink traffic due to impact of UL TCP acknowledgements. Hence, the power of E-DPCCH should, in general, be set relative the secondary pilot. Previously, it has been discussed to only set HS-DPCCH relative DPCCH2 and keep E-DPCCH relative DPCCH. This would, however, imply that the detection and demodulation quality of the E-DPCCH would be reduced since the E-DPCCH received power would be too low in the serving cell. Consequently, in general, it is preferred to set E-DPCCH relative DPCCH2. Non-serving cells can detect E-DPCCH based on either DPCCH or DPCCH2. Even though DPCCH2 is not power controlled by the non-serving cells, its quality will with very high probability be more than sufficient in the non-serving cells. There might be scenarios where it would be better, in terms of e.g. performance and UE transmit power consumption, to set E-DPCCH relative DPCCH. For example, if E-DCH decoupling is configured, then it might be better to keep E-DPCCH relative DPCCH. Hence, there are potential benefits of allowing a network configured mapping of E-DPCCH to either DPCCH or DPCCH2.
A second option for ensuring that the happy bit is reliably received in the serving cell would be to include the happy bit in the secondary pilot channel.

Observation 1: How to ensure reliable reception of the happy bit in the serving cell needs further discussion.
The DPCCH carries, in addition to pilots, downlink TPC commands. These commands are used by the network to power control the F-DPCH which is important in order to have a reliable TPC loop. Hence, one potential problem is to ensure that the downlink TPC commands can be reliably received in the serving cell. Also, it would be beneficial to have independent power settings for the serving cell and non-serving cells since the downlink quality can potentially be very different if aggressive range expansion via CIO adaptation is employed. One way of solving this would be to let DPCCH2 carry DL TPC commands related to the serving cell and let the DPCCH carry DL TPC commands targeting non-serving cells. Hence, the UE would independently assess the quality of the F-DPCH from the serving cell and non-serving cells and send corresponding TPC commands on DPCCH2 and DPCCH, respectively. 
Observation 2: Discuss further whether to let DPCCH2 and DPCCH carry independent DL TPC commands related to, for example, serving cell and non-serving cell(s).
The secondary pilot approach requires an additional F-DPCH slot to convey the UL TPC command to be used to power control DPCCH2. Several alternatives for doing this can be envisioned. For example, an additional spreading factor can be allocated to a second F-DPCH, so that TPCs associated with DPCCH and DPCCH2 can use the same slot format (same timing). This would, however, be costly for the network in terms of code resource. Another approach would be to allocate an additional slot format for conveying TPC commands associated with DPCCH2. This could affect the available processing time in the UE, but the impact should be small if two consecutive slot formats are allocated for DPCCH and DPCCH2. A third option could be to time-multiplex the TPC commands associated with DPCCH and DPCCH2, i.e. sending TPC commands associated with DPCCH and DPCCH2 in alternating slots (e.g. DPCCH in even slots and DPCCH2 in odd slots). This would, however, effectively reduce the TPC rate.
Observation 3: The handling of downlink TPC commands needs further discussions. In particular, further studies showing if a time-multiplexed solution for sending DL TPC commands is beneficial are needed.
Another question concerns when and how to enable/disable the uplink control channel reliability algorithm. The mechanism itself needs to be reliable and an RNC centric approach seems most feasible. The exact mechanism would be implementation specific, but a simple approach is to have the triggering mechanism coupled to the soft-handover mechanism, e.g. enable whenever entering soft-handover with a serving Macro cell and at least on LPN in the active set.
5 Conclusion
This contribution has addressed the problem of ensuring that uplink control channel information is reliably received in the serving cell in a heterogeneous network deployment. More specifically, we need 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 one LPN in the active set.

We have provided our view on the preferred solution to this problem. A thorough discussion regarding benefits, drawbacks and performance of the scheme with respect to a number of design objectives was also given. See also [6, 7] for simulation results associated with the secondary pilot approach. The proposals and observations are summarized below:

Proposal 1: Introduce a secondary physical uplink pilot channel solely power controlled by the serving cell, and let this serve as the basis for ensuring reliable reception of uplink control channels in the serving cell.

Proposal 2: The HS-DPCCH uses the secondary pilot as its reference channel (when enabled), i.e. the power of HS-DPCCH is set relative DPCCH2.
Observation 1: How to ensure reliable reception of the happy bit in the serving cell needs further discussion.
Observation 2: Discuss further whether to let DPCCH2 and DPCCH carry independent DL TPC commands related to, for example, serving cell and non-serving cell(s).
Observation 3: The handling of downlink TPC commands needs further discussions. In particular, further studies showing if a time-multiplexed solution for sending DL TPC commands is beneficial are needed.
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