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1. Introduction
In RAN#51 meeting, a new work item was established on Further Enhancements to CELL_FACH in [1]. It was identified in the WID, the main objectives in downlink improvements are:

· Downlink related improvements of resource utilization, throughput, latency and coverage

· Stand-alone HS-DPCCH without ongoing E-DCH transmission

· DC-HSDPA operation

In last RAN2 meeting, the agreement on DC-HSDPA in Cell FACH is to identify the improvements provided by this feature firstly. In this contribution, we did an analysis on the benefits along with the power consumption impacts of introducing this sub-feature as part of Further Enhancements to CELL_FACH work item in Rel-11.
2. Potential improvements for DC in CELL_FACH
2.1. Improvements to burst rates and system throughput as well as load balance
For DC-HSDPA in CELL_DCH state, by exploiting the pooling resource of the aggregated cells, substantial gains in terms of both system throughput and user throughput are well identified as the result of carrier diversity and dynamic load balance.
In the case of CELL_FACH, the similar gains in terms of burst rates and system throughput as well as load balance could be expected due to the identical technology as CELL_DCH.  
The improved burst rate could improve the user experience by reducing the latency of some services such as web browsing.  Additionally, the burst rates improvement will introduce additional gains in CELL_FACH as discussed in the following sections.
2.2. Improvement in efficiency of UL resource utilization
For the CELL_FACH state in current system, HS-DPCCH setup will only be triggered by the uplink data transmission. Presently, the study on standalone HS-DPCCH setup has been established as an objective of WI of Further Enhancements for CELL_FACH state in R11. By exploiting the feature, the UE could trigger the HS-DPCCH setup in absence of uplink data transmission. Once the feature gets deployed, the available uplink resources could be the bottleneck of standalone HS-DPCCH setup, given that the uplink resources for CELL_FACH is limited (maximum 32). 
The improvement in downlink burst rate introduced by DC in CELL_FACH will reduce the corresponding uplink resource holding time for the UE with standalone HS-DPCCH, and in the end improve the efficiency of UL resource utilization. That is to say, simultaneous application of DC-HSDPA and standalone HS-DPCCH setup could increase the uplink capacity by reducing uplink resource holding time per UE.
2.3. F2D signalling reduction

In our understanding, one objective of CELL_FACH enhancement is to allow more UE spending more time in CELL_FACH instead of CELL_DCH. The faster download of burst package by utilizing DC CELL_FACH operation could allow a higher F2D threshold comparing to SC CELL_FACH. That is to say, it could avoid the UE moving to CELL_DCH state when operating in relative higher speed service such as web browsing, which could reduce the signalling overhead for the state transition and in the end benefits the UE battery consumption. 
3. Potential battery impact for DC in CELL_FACH

The concern for the potential battery impact may be seen as the obstacle to apply Dual-Cell operation in Cell FACH, as it is critical to maintain low battery consumption for CELL_FACH UE. Actually, battery consumption for DC in CELL_FACH could be minimized by introduction of the activation/deactivation mechanism which is also applied to CELL_DCH. 
In our understanding, the explicit activation/deactivation shall only be performed in present of HS-DPCCH as the HS-SCCH order to perform the activation/deactivation relies on the HS-DPCCH feedback. For the battery consumption consideration, the UE shall monitor primary carrier only in absence of HS-DPCCH feedback. 
In case of low data rate service, the UE could be kept in deactivation of secondary carrier with regard to the power consumption, therefore, the power consumption in low data rate could be same as which for SC CELL_FACH. 

In case of higher data rate service such as web browsing, Dual-cell operation along with HS-DPCCH could both be activated. The faster download of burst package of DC operation could avoid the UE moving into CELL_DCH state, thus benefits the UE battery consumption as well as signalling overhead. Even comparing to the UE keeping in SC CELL_FACH state in higher data rate, by utilization of dual-cell operation, the persistent time for downlink data receiving and corresponding HARQ acknowledge will both be reduced, and thus reduce the power consumption in some degree, consequently counteract the increased power consumption introduced by the monitoring of secondary carrier in some extent. 

Therefore, the DC operation in CELL_FACH will not result in significant battery impact. 

4. Conclusion

In this contribution, we did an analysis on the benefits of DC-HSDPA operation in CELL_FACH state.By simultaneous application of DC-HSDPA and standalone HS-DPCCH setup, the burst rates and system throughput in CELL_FACH will get improved significantly, thus allow more UEs spending more time in CELL_FACH instead of CELL_DCH to meet the challenges of smart phone by reducing the signalling consumption caused by frequently state transition. 
Furthermore, the utilization of DC-HSDPA in CELL_FACH for the downlink dominant services will help to mitigate the uplink resource limitation for CELL_FACH UE by reducing uplink resource holding time per UE once the feature of standalone HS-DPCCH setup gets deployed.
What is more attractive is that the dual-cell CELL_FACH operation will not cause extra increment on the network deployment complexity and  the UE manufacturing complexity, because the required processing power was already there for CELL_DCH state. Furthermore, due to the identical technology as CELL_DCH, the specification impacts for introducing dual-cell operation in CELL_FACH could be simple and clear by reusing the mechanism for CELL_DCH in maximum extent.
Thereby, we propose to specify DC-HSDPA operation in CELL_FACH state in Rel-11.
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