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1 Introduction

This document is a resubmission of [5], [6] and is provided to RAN1 to aid in the RAN1 discussions requested by RAN2 in [4].

A new WI related to Further Enhancements to CELL_FACH was approved at RAN#52 [1].  The objective of this work item is to identify and evaluate performance-complexity trade-offs for a number of potential improvements, including:

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

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

· DC-HSDPA operation

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

· Support concurrent deployment of 2ms and 10ms TTI in a cell

· Per-HARQ-process grants for 2ms TTI

· TTI alignment between CELL_FACH UEs and CELL_DCH UEs

· Fallback to R99 PRACH

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

· Signalling based interference control 

· UE battery life improvements and signalling reduction (e.g. second UE DRX cycle in CELL_FACH)

This contribution discusses the requirements for neighbor cell interference control and further analyzes the various solutions for interference control.
2 Requirements for Interference Control

Inter-cell interference mitigation mechanisms were not introduced during the standardization of common E-DCH for CELL_FACH State in Release 8.  Two design decisions potentially contribute to the inter-cell interference problem:

1. Soft or softer handover is not supported for common E-DCH transmissions.  This could potentially lead to UL interference to neighboring Node Bs, as they are unable to reduce the overall transmission power of cell edge UEs in CELL_FACH due to the lack of supporting signaling (e.g. F-DPCH and/or relative grant commands).

2. Cell reselection is disabled during common E-DCH allocations.  Upon triggering of the cell reselection criteria, a UE must wait until its current common E-DCH allocation is released until performing cell reselection to the target cell.  This may lead to significant interference in the target cell if the common E-DCH allocation persists beyond the change of best cell event.  
Such design decisions were made for a number of reasons, as suggested in [2]: 
· The common E-DCH resources were anticipated to operate using smaller scheduling grants than in CELL_DCH, resulting in lower UL transmission power at the UE.
· The duration of a single common E-DCH resource allocation was expected to be relatively short.  
· When longer common E-DCH resource allocations are required, a transition to CELL_DCH should take place.  
Prior to introducing new interference control mechanism in Release 11, assumptions on the usage of common E-DCH resources should be established.  This will help in determining the severity of the interference problems and whether or not interference control mechanism are needed.    
Proposal 1: Discuss and agree on expected usage of common E-DCH resource usage in CELL_FACH state to assess severity of interference problems
3   Analysis of Interference Control Mechanisms
A number of different solutions can be considered to address the neighbor cell interference control problems.  The solutions described below offer various levels of complexity and performance.      
Serving Cell-Based Interference Control

The serving cell could limit the interference caused by common E-DCH resources by applying maximum TBS or serving grant restrictions in the UL.  The Node B could selectively apply these restrictions to UEs that are anticipated to cause interference to neighboring cells.  The determination could be made based on existing information reported by the UE, such as CQI and/or UPH measurements for example.  Such measurements, however, may not be clear indicators of neighbor cell interference conditions, which may lead to ineffective interference control.  
On the other hand, the maximum TBS or serving grant restrictions could be conservatively applied to all common E-DCH resources.  This, however, would lead to unnecessary reduction of UL data rates for UEs that are far from neighboring cells. 
The primary advantage of serving cell-based interference control is that it can be achieved without any changes to existing Release 8 specifications.  On the other hand, the serving cell-based schemes are the least effective at maximizing UL data rates while limiting interference to neighboring cells.  
UE-Based Interference Control
The UE could autonomously limit is own transmission power upon detection of a potential inter-cell interference condition.   As an example, the UE could apply a maximum TBS restriction when it determines that it is within a certain RF distance from a neighboring cell.   

One advantage of this solution is that it does not require any new signaling from neighboring Node Bs for UEs operating in CELL_FACH state.  On the other hand, UEs may unnecessarily limit their UL data rate without direct indication of interference from the victim cells.  Another question with this approach is whether the accuracy of available UE measurements is sufficiently good to implement it effectively.
Another potential UE-based solution is to allow for cell reselection to take place during ongoing common E-DCH allocations.  Upon triggering of the cell reselection criteria, the UE could release its current common E-DCH allocation in the source cell, reselect the new cell and attempt a new common E-DCH access in the target cell.   This solution would limit the interference caused by a UE having moved closer to a new cell and ensure that CELL_FACH UEs are always transmitting on common E-DCH resources in the best cell.    

Non-Serving Cell-Based Interference Control

As proposed in [2], a similar mechanism that is used for UEs in soft/softer handover in CELL_DCH could be introduced for common E-DCH resources in CELL_FACH.  Specifically, neighboring victim Node Bs could limit interference by transmitting non-serving relative grant commands to reduce the transmission power of interfering UEs.  
Although this solution would be the most effective at limiting inter-cell interference, it seems like the most complex from a specification standpoint as it requires the introduction of new configuration and signaling procedures. 

Discussion

The solutions described above offer different levels of complexity and performance, ranging from the simpler and less effective serving cell-based approach to the more complex and effective non-serving cell-based control.  
If it is determined that there is a need to perform interference control mechanism, we propose to further study and consider all possible solutions rather than focus on signaling-based approaches only, as indicated in [1]. The determination of which type of mechanism (if any) is to be introduced should be based on the agreed assumptions on the expected usage of common E-DCH in CELL_FACH State, as proposed in Section 2 and the associated complexity.            

Proposal 2: Further evaluate the performance-complexity trade-off of different interference control mechanisms 
4 Conclusion

This contribution attempts to establish an initial assumption on the usage of common E-DCH resource in order to determine the severity of the interference problem.   Furthermore, this contribution lists a number of potential interference control mechanisms that should be considered in the initial evaluation process.    
The following was proposed:
Proposal 1: Discuss and agree on expected usage of common E-DCH resource usage in CELL_FACH state to assess severity of interference problems
Proposal 2: Further evaluate the performance-complexity trade-off of different interference control mechanisms 
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