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1 Introduction

A WI was approved in [1] to further enhance the CELL_FACH state.  The areas of improvement of relevance to RAN1 were identified in [2], as follows:

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

· Stand-alone HS-DPCCH without ongoing E-DCH transmission
· Uplink related improvements of resource utilisation, throughput, latency and coverage

· TTI alignment between CELL_FACH UEs and CELL_DCH UEs

· Reduction in timing of the initial access in the physical random access procedure

· Signalling based interference control

This contribution will focus on the uplink related improvements, specifically on the signalling based interference control sub-feature.

2 Discussions
The transmissions of a UE close to the cell edge may cause significant inter-cell interference to its neighbour cells.  In CELL_DCH, SHO and softer handover are used to manage this interference and also provide diversity gain for the UE’s transmission.  
SHO and softer handover are not employed in CELL_FACH since in previous releases CELL_FACH was considered a temporary state and transmission in the uplink is brief.  Hence, the interference caused by CELL_FACH UEs at the cell edge was formerly not considered significant.  However, it is expected that the number of UEs with smartphone features will increase and that these UEs will reside in CELL_FACH state longer.  Furthermore a UE in CELL_FACH with an E-DCH resource does not perform cell reselection until it has released this resource.  The UE can transit to CELL_DCH if the uplink transmission is deemed too long.  However, the transition to CELL_DCH may not benefit from SHO or softer handover immediately, since the UE needs to provide measurement reports in order to build up its Active Set and during this time, the UE may continue to cause inter-cell interference.  Further study is needed to evaluate the impact of inter-cell interference caused by UEs in CELL_FACH, but such a study is likely to be highly dependent on the network settings, e.g., criteria for UE moving into CELL_DCH.  
If the inter-cell interference in CELL_FACH is deemed significant, then the potential benefits of any solution need to be weighed against its complexity. 
One possible solution would be to introduce SHO in CELL_FACH. In CELL_DCH, the non-serving cells in a UE’s Active Set participating in SHO are selected by the RNC based on UE measurement reports.   The RNC signals the demodulation parameters to the non-serving cell so that it can detect and demodulate the inter-cell UE’s transmissions.  This process can be slow due to the need for RRC signalling.  The CELL_DCH process for configuring an Active Set may not be suitable in CELL_FACH since UEs in CELL_FACH do not send measurement reports, and, due to the bursty nature of smartphone traffic, the UE may not hold onto an E-DCH resource long enough to set up an Active Set (even though it may be long enough to cause significant inter-cell interference).  Furthermore, common E-DCH resources are used in CELL_FACH where the demodulation parameters change whenever the UE releases or obtains an E-DCH resource, and this process is deliberately designed to be much faster than RRC signalling; therefore it may be difficult for the non-serving cell(s) to demodulate the transmission because they will not have access to the relevant configuration parameters in time.  Therefore, a full SHO solution in CELL_FACH is difficult.  
However, it may be possible to consider a cut-down, less complex version of SHO for CELL_FACH.

One such solution is proposed in [3], where a common E-RGCH is broadcast by a neighbour cell.  Here UEs near the cell-edge (e.g. as determined by relative path loss) will listen to this common E-RGCH and reduce their grants accordingly.  However, this solution may have a serious impact on the CELL_FACH throughput unless there is some way to control which UEs will reduce their grants, and by how much.  For example, from the point of view of the inter-cell interference, it may be possible to eliminate the excess RoT just by one neighbour-cell UE lowering its grant.  However, if a common E-RGCH command is issued, there may be 20 UEs that are conditioned to listen to this command and as a result all 20 UEs lower their grant leading to excessive reduction in system throughput.  Therefore, if a common E-RGCH is adopted, a mechanism would need to be included to avoid excessive reduction in CELL_FACH throughput.  In particular, criteria for determining which UEs obey the common E-RGCH commands and how often woud need to be carefully defined.  
Inter-cell interference cancellation is also proposed in [3].  In this case, each cell would have to acquire all the parameters necessary to listen to possible CELL_FACH E-DCH transmissions in its neighbour cells.  However, if the cell had acquired these parameters, it would in fact have all the information it needed to perform SHO and thereby achieve macro-diversity gain rather than simply cancelling the interference. However, the complexity of either interference cancellation or SHO would be very high since the NB needs to continuously search for PRACH transmissions and then all E-DCH common resource transmissions from all its neighbouring cells. The NB implementation complexity involved is many times greater than the decoding complexity in the serving cell, and would also have significant network energy consumption implications. Some complexity reductions could be considered, such as reducing the number of preambles and common resources to be monitored by using only a selected subset of E-DCH resources for cell-edge UEs, but the complexity would still remain high.
On balance, an E-RGCH-based approach with suitable controls therefore seems potentially a useful direction to go in, offering the possibility for interference control without undue complexity. 

3 Conclusion
In this contribution, we have discussed some proposals for inter-cell interference reduction in CELL_FACH.
It is important that a reasonable balance is found between gain and complexity, taking into account the NB side as well as the UE.

At the current stage, the possibility of UEs listening to one or more neighbour cell E-RGCHs seems reasonable, provided that suitable rules are defined to prevent excessive reduction of CELL_FACH throughput, by preventing every UE from obeying every RG. 
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