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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 
Based on the discussion in RAN1 #67 meeting, this contribution provides more analysis on the gain of applying the state transition from CELL_FACH to CELL_DCH state for the interfering UEs to control and avoid uplink interference. 
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Motivation of the state transition to CELL_DCH for uplink interference control and avoidance
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].
The approach which may offer a comprehensive interference co-ordination solution is the operation of the state transition from CELL_FACH to CELL_DCH for the interfering UEs. The interfering UEs can be identified based on the uplink interference measurement report.

Once the identified interfering UEs moves to the CELL_DCH state, the existing methods in CELL_DCH state can be naturally applied to effectively control the uplink interference occurred in the serving cell and neighbour cells. The key methods and their benefits for interference control are listed as below:
· CPC DTX

· Reduce the uplink DPCCH interference according to the configured DTX pattern.

· UE power saving.

· Soft handover (SHO) 
· Lower the uplink interference due to the macro diversity gain, i.e., corresponding to the transmission of the same amount of data, the required transmission power with SHO is much lower than the case without SHO. In other words, the uplink interference can be reduced.

· Elimination of service interruption during the mobility procedure.

· Coverage improvement with the enhanced cell-edge performance.
· E-RGCH command from the non-serving cells in case of SHO.
· Provide the capability for the non-serving cells to actively adjust the serving grant of the UE for interference control and avoidance.
More specifically, the comparison of the operations in the CELL_DCH state and in CELL_FACH state are is illustrated in figure 2.
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Figure 1. Comparison of the operations in CELL_FACH state and CELL_DCH state

It can be noted that:

· In CELL_FACH state:

· UE would automatically release common E-DCH resources once the common E-DCH release timer is expired. In case a new packet is coming, it has to acquire common E-DCH resources by repeating the complicated RACH procedure.
· DPCCH has to be transmitted continuously with the allocated common E-DCH resources even though the packet may arrive occasionally.
· Weak mobility support in case the common E-DCH resources are being used.

· in CELL_DCH state via the state transmission trigger by the UL interference measurement report:
· CPC DTX:

· DTX operation for the interfering UEs of the neighbour cells can reduce the caused interference from DPCCH transmission
· Two-cycle DTX operation can improve the performance via the short DTX cycle applied in between the arrival interval of the packets and the long DTX cycle in the inactive period. It can effectively control the uplink interference with the burst traffic.
· The uplink data transmission can be restricted in a certain period, i.e., the high interference may only happen periodically. It provides the opportunity for the overloaded cell to coordinate the uplink transmission of its own UEs aligned with the DTX pattern of the interfering UEs in the neighbour cells. 
· For example, during DTX ON period of the interfering CELL_FACH UEs, the victim cell can schedule the uplink transmission for its own UEs. During DTX OFF period of the interfering CELL_FACH UEs, the BS of the victim cell can schedule less or stop uplink data transmission to avoid the strong inter-cell interference.
· SHO:

· In case of the high interference mainly caused by E-DPDCH transmission of CELL_FACH UEs, the high interference can be turned into the high performance via the macro diversity.  

· In case of the high interference mainly caused by DPCCH transmission of CELL_FACH UEs, DTX operation in CELL_DCH state can effectively reduce the interference of the neighbour cell as well as the own cell.

· E-RGCH command from the non-serving cells in case of SH0
· The “DOWN” command carried on E-RGCH channel of the non-serving cells can be used to lower the serving grant for E-DCH, reducing the E-DCH transmission power and  controlling load and accordingly lower the uplink interference.

In the summary, one or several methods in the CELL_DCH state can be applied for the interfering UEs to control and avoid the uplink interference efficiently regardless of the traffic type and interfering data/control channels.
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.

Otherwise, 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 1: State transition from CELL_FACH to CELL_DCH triggered by UE UL interference report is adopted for the uplink interference control and avoidance.

Proposal 2: Mechanisms to improve the state transition latency can be FFS.
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State transition triggered by UL interference report
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.

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 burst 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 3: Send LS to RAN2 for the further study of the UE UL interference report mechanism to trigger the state transition.
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Conclusion
In this paper the benefits of the state transition from CELL_FACH to CELL_DCH state for uplink interference control have been analysed by comparing the enabling mechanisms in CELL_FACH state and CELL_DCH state. The proposed 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. Moreover, the investigation in [2] has indicated that 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.

Proposal 1: State transition from CELL_FACH to CELL_DCH triggered by UE UL interference report is adopted for the uplink interference control and avoidance.
Proposal 2: Mechanisms to improve the state transition latency can be FFS.
Proposal 3: Send LS to RAN2 for the further study of the UE UL interference report mechanism to trigger the state transition.
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