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1
Introduction
In [1] the updated work item on further enhancements to CELL_FACH state was approved.  The work (even before update) includes:
· Uplink related improvements of resource utilization, throughput, latency and coverage

· Signaling based interference control 
This contribution provides the approaches for uplink interference control and avoidance to consider. More specifically, it gives more clarification and concrete proposals based on the discussion in RAN1 #66Bis meeting. 
2
Discussion
There has yet to be shown to what extent there is a problem with uplink interference in CELL_FACH. Severity of the problem will determine whether or not we need a solution and how elaborate the solution needs to be. This analysis is ongoing in RAN1. The summary of previously proposed solutions has been presented in [2].
In short, there could be a problem with uplink interference when many UEs are kept in CELL_FACH state for longer periods of time. However, the solutions that have so far been proposed suffer either from drawbacks, too high complexity or are simply insufficient to cover all use-cases/scenarios.
The only approach which may offer a comprehensive interference co-ordination
solution is softer handover. However, given the complexity of such a solution there needs to be a significant gain from the feature. Considering this along with other improvements (such as faster mobility, elimination of service interruption, and cell-edge improvements as provided with soft handover also in the downlink) may be one way to provide a justification. 
In the following sections, we provide some further studies on this issue.

2.1 Identification of the interfering UEs
It’s likely that the interference will be a problem only when the UE is transmitting larger amounts of data on E-DCH, or when smaller amounts of data, and/or bursty data needs to be sent while the UE is in cell border areas. So it is critical to identify the interfering UEs before any action for uplink interference control by the network.
One potential way to avoid interference in CELL_FACH state would be that the UE indicates when it finds itself in a potentially interfering scenario, using event triggered measurement report. Some potential CELL_FACH event triggers / measurement quantities could be considered.
For example, when UE is approaching the cell edge with the weak RSCP level in downlink or low UPH level in uplink (i.e., in the situation of likely causing the high uplink interference to the neighbour cells), UE can be triggered to read SIB message of the neighbour cells similarly as the intra-frequency handover procedure. Based on reading SIB message of the neighbour cells, UE can obtain the information about the uplink interference level and CPICH transmission power in the neighbour cell(s). Accordingly, the UE can estimate the pathloss to the neighbour cell(s) and the potential excessive uplink interference to the neighbour cell(s) assuming the maximum or a certain UE transmission power. If the estimated interference to the neighbour cell(s) is higher than the neighbour cell’s uplink interference level in SIB with a delta configured by the measurement control message, UE would send a measurement report to NW to trigger the uplink interference control.
In addition, the similar report could be also sent to BS directly via L2 signaling for the fast interference control.

Proposal 1: Identification of the interfering UEs based on UE report is adopted. It is FFS whether L2 or L3 signaling should be applied.

2.2 Approaches for uplink interference control and avoidance

Upon receiving the uplink interference related report from UEs, the NW may take further actions to control/avoid the uplink interference caused by the interfering UEs to neighbour cells. More details can be referred in the following sections.
2.2.1 State transition to CELL_DCH for UL interference avoidance triggered by UE report
CELL_DCH is designed already for this scenario. Given that soft handover is a proven method for improving downlink performance and uplink interference control in CELL_DCH, the most obvious question is whether such scenarios are naturally better handled in CELL_DCH. 

It’s already possible for the NW to determine that the UE should be moved into CELL_DCH state upon reception of RACH measurement results (for example serving cell measurements are not so good, and there are potentially good neighbour cells).

Different than the early criteria, the state transition from CELL_FACH to CELL_DCH would be triggered by the criteria of the caused uplink interference.

This solution is very simple compared to introduction of SHO in CELL_FACH. The solution exploits the measurements that the UE is already capable of obtaining, and exploits the existing RRC state change design and the attributes of the existing CELL_DCH state which already addresses the interference control using SHO. In addition, according to the investigation in [2], CELL_DCH state can provide the best user burst throughput performance with the least ROT for the most scenarios thanks to the two-cycle based DPCCH gating gain and SHO gain.
In addition, the mechanism of improving the latency of the state transition could be considered to exploit CELL_DCH state for the uplink interference avoidance in the more efficient way.

Proposal 2: Event triggered state transition to CELL_DCH for UL interference avoidance is adopted. 

Proposal 3: Mechanisms to improve the state transition latency can be FFS.
2.2.2 Serving grant adjustment in CELL_FACH based on UE report
Providing the measurement report to the network provides the opportunity for the network to move the UE to CELL_DCH state to obtain SHO capability, but other networks may wish to adjust the serving grant and keep the UE in CELL_FACH state, hence achieving serving cell based interference coordination in this manner, but without involving E-RGCH from the neighbour cells. 
One potential approach could be coordinated by the RNC based on the UE report via L3 signaling. The UE would send MEASUREMENT REPORT message to the RNC periodically or event triggered. The measurement report includes the neighbouring cell measurement information (scrambling code, power level measured, Ec/No) also the serving cell information (UPH, serving grant, power, Ec/No). 

The RNC co-ordinates between Node Bs, and retrieves the interference information from each Node B and the serving Node B is informed of its neighbours’ interference levels. (RNC could also receive the UPH, serving grant information from the serving Node B – however our preference is that UE provides that to the RNC in the measurement report for simplification)

RNC can limit the maximum E-DCH power ratio of the interfering UE by sending NBAP message “Radio Link Reconfiguration” to the serving cell with a new IE “Maximum Allowed E-DCH Power Ratio”. The serving Node B will adjust the absolute serving grant for the interfering UE within RNC configured range.

Alternatively, The serving Node B can also adjust the absolute serving grant for the interfering UE in CELL_FACH based on UE report via L2 signaling.
Proposal 4: Serving grant adjustment based on UE report in CELL_FACH is adopted. Whether to use RNC-coordinated or eNB controlled approach can be FFS.
3

Conclusion
In this paper we have summarised a number of the previously suggested approaches for interference control in CELL_FACH, suggested a number of potential improvements to those approaches and provided some alternative approaches.

There is a wide variety of approaches, each with relative merits and with differing levels of complexity. Each should be considered carefully if the need for any interference control mechanism is shown in RAN1 studies, and whether the amount of benefit provided justifies the complexity of the solution.
Proposal 1: Identification of the interfering UEs based on UE report is adopted. It is FFS whether L2 or L3 signaling should be applied.
Proposal 2: Event triggered state transition to CELL_DCH for UL interference avoidance is adopted. 

Proposal 3: Mechanisms to improve the state transition latency can be FFS.
Proposal 4: Serving grant adjustment based on UE report in CELL_FACH is adopted. Whether to use RNC-coordinated or eNB controlled approach can be FFS.
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