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1 Introduction

One of the objectives of the recently approved WI of Further Enhancements for Cell_FACH state is to improve downlink resource utilization, throughput, latency and coverage in that state. A candidate mechanism for this is to enable DC-HSDPA operation.

This contribution discusses potential gains brought by the introduction of dual-cell operation in Cell_FACH and then proposes some requirements for its potential introduction.
2 Potential benefits
The main motivation for the work item is to better handle the increase of mobile data traffic characterized by bursty traffic with relatively small packets [1]. On the other hand, the primary benefit of dual-cell operation (in Cell_DCH) is the increase of peak throughput to the UE. Such increase of peak throughput would seem to be beneficial primarily when the offered traffic is characterized by continuous traffic or large packets, except possibly for some UEs in bad radio conditions (at cell edge).
While there seems to be some mismatch between the primary benefit of dual-cell operation and the targeted improvements for Cell_FACH state, one should also consider that a secondary benefit of dual-cell operation is the possibility of dynamic load balancing between cells. Such possibility could be attractive to the extent that a more significant population of the UE’s is intended to be maintained in Cell_FACH state. Such system-level improvement could also translate into improved latency from the UE perspective.

Proposal 1: Dual-cell operation in Cell_FACH should be introduced if the possibility of load balancing provides a significant downlink system capacity benefit.
3 Requirements
Assuming that substantial gains can be shown, one should consider the following requirements related to the introduction of dual-cell operation in Cell_FACH.

Battery consumption 

One obvious issue when considering reception on more than one carrier is that reception on more than one carrier generally results in increased battery consumption. Since maintaining low battery consumption is important to keep more UE’s in Cell_FACH (and is also an objective of the feature), it is critical that this issue is considered.
The dual-cell feature in Cell_DCH includes the activation/de-activation mechanism to address the need of minimizing battery consumption. It would seem natural to reuse this mechanism in Cell_FACH also, while possibly considering modifications to better adapt to the expected type of traffic in that state.

Proposal 2: Dual-cell operation in Cell_FACH requires inclusion of an activation/de-activation mechanism.
Uplink feedback 

Currently in Cell_FACH state, uplink feedback over HS-DPCCH is only available if the UE has uplink resources allocated. The possibility of providing HS-DPCCH without E-DCH transmission is examined in a companion contribution [2]. With respect to the possible introduction of dual-cell HSDPA, one natural question is whether dual-cell operation is only possible with a configured HS-DPCCH or not.

When the UE does not have HS-DPCCH configured, the network needs to use the L3 measurement results transferred as part of the “measured results on RACH” IE to determine the proper MCS on either carrier. This would entail that the UE has reasonably accurate measurement results on the secondary cell available at the time of transmitting the measurement results, which is not compatible with the goal of maintaining low battery consumption. If the UE doesn’t provide measured results for the secondary cell, the network would need to provide utilize even more conservative MCS on the secondary cell which reduces the potential dynamic load balancing gain.

We conclude from the above that dual-cell operation should only be possible if the UE is configured with HS-DPCCH.

Proposal 3: Dual-cell operation in Cell_FACH requires that the UE is configured with HS-DPCCH resources.

Applicability to CCCH 
Another requirement to consider is whether dual-cell operation should be possible for CCCH reception. Dual-cell operation could in theory be beneficial in situations where there is high load on CCCH. However, it is likely that the limitation is more on the uplink in such scenarios, thus in practice the gain could be very limited. Therefore, at this point we think that dual-cell operation would only be applicable to transmission of DCCH or DTCH.
Proposal 4: Dual-cell operation in Cell_FACH is applicable to DCCH/DTCH.
Configuration of dual cell 

When considering the configuration of dual cell operation, one issue to address and consider is whether the “secondary HS-DSCH information” is provided over the system information or by means of dedicated signaling.   If dual cell is only applicable to DCCH/DTCH then it possible that the secondary cell information is provided to the UE via dedicated signaling in the CELL UPDATE CONFIRM or in any of the RRC reconfiguration messages when a state transition to CELL_FACH occurs.   
However, it seems that as a natural extension of single cell operation in CELL_FACH, the secondary cell information should be signaled in the System Information together with the IE “HS-DSCH common system information”.  
Proposal 5: Discuss whether the secondary cell information should be common and broadcasted over the SIB or whether it should be signaled to the UE via dedicated signaling. 
4 Conclusion

This contribution discussed potential benefits and requirements associated to the introduction of dual-cell operation in Cell_FACH. The following are proposed:
Proposal 1: Dual-cell operation in Cell_FACH should be introduced if the possibility of load balancing provides a significant downlink system capacity benefit.

In case dual-cell operation is introduced in Cell_FACH, the following requirements are proposed:

Proposal 2: Dual-cell operation in Cell_FACH requires inclusion of an activation/de-activation mechanism.
Proposal 3: Dual-cell operation in Cell_FACH requires that the UE is configured with HS-DPCCH resources.

Proposal 4: Dual-cell operation in Cell_FACH is applicable to DCCH/DTCH.
Proposal 5: Discuss whether the secondary cell information should be common and broadcasted over the SIB or whether it should be signaled to the UE via dedicated signaling. 
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