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1 Introduction

The lack of soft-handover for UEs using enhanced uplink in CELL_FACH prevents the use of existing Release 6 mechanisms for uplink inter-cell interference control (e.g.: non-serving relative grants).  In the past few meetings, a number of contributions have addressed this issue of inter-cell interference with E-DCH in CELL_FACH (see e.g.: [1]-[4]).
In this contribution we attempt to quantify the impact of inter-cell interference caused by the use of enhanced uplink in CELL_FACH.
2 Simulation results

Three strategies to determine the uplink serving grant (or equivalently the maximum TBS) for CELL_FACH UEs using enhanced uplink resources are compared:

1. Fixed Maximum TBS (Max-TBS): in this approach, a single fixed TBS limit is configured for all CELL_FACH UEs across the entire system;

2. Maximum Interference to Closest Neighbor (Max-Interf): in this approach, the serving grant (or equivalently the TBS) is configured for each access by the serving NodeB such that no UE is allowed to cause more than a certain fraction (α) of the total interference target in the closest neighbor cell.  The serving grant calculation is carried out independently for each UE based on averaged path-loss measurements of serving cell and closest neighbor.  It is based on the approaches proposed in [1], where the UE either limits the scheduling grant with respect to the path-loss difference between a scheduling cell and neighbour cells or reports a neighbour path loss measurement to the serving Node B.
3. Allocation with non-serving cell interference control (NS-Control): in this approach, the serving grant of each UE is determined dynamically on a frame-by-frame basis.  The serving grant is based on a total allowed inter-cell interference load budget at each cell as well as a total CELL_FACH own-cell load budget.  This approach models a Release 6 – like mechanism where non-serving relative grants are used to dynamically control inter-cell interference by using short-term fading measurements but UL control channels aren’t controlled by neighboring cells.  It is shown here for comparison purposes (e.g.: as an upper-bound on performance) as it requires more complex signaling compared to the above two algorithms.
A wrap-around simulation area having hexagonal cells with cell-centered NodeBs is considered.  For all cases, 4 E-DCH in CELL_FACH resources per cell are assumed to be continuously busy, with all HARQ processes activated.  These resources are used by different UEs in each scenario simulated.  In addition, to generate realistic interference patterns, 40 CELL_DCH UEs are randomly placed over the entire area of 12 cells.  These CELL_DCH UEs transmit continuously also with all HARQ processes activated, producing individual load corresponding to a 150kbps service.  The statistics are accumulated over 50 scenarios, each consisting of a set of UE positions and fast fading channel realizations.

For the Max-TBS approach, the system-wide maximum TBS value is selected such that the 95th percentile noise rise for all cells in the system does not exceed the target of 6dB.  To achieve this limit with the above simulation configuration and for all realizations, all UEs are limited to a maximum fixed TBS of 251bits.

For the Max-Interf approach, a UE isn't allowed to contribute motre than α fraction of all interference in its neighbor cell. The fraction of the total interference (α) is selected so that the 95th percentile of noise rise for all cells in the system does not exceed the target.  Note that the portion of the load that is not used by UEs limited by interference is redistributed among the other CELL_FACH UEs served in that cell. 
For the NS-Control approach, the load budgets are chosen such that the total interference created by cell-FACH users maintains the same criterion, i.e. the 95th percentile of ensemble average noise rise does not exceed the above target.  The load budgets are the same for all the cells and all realizations for this system configuration. Unused interference allowance is redistributed to interfering in other cells. 
Figure 1 shows the cumulative distribution function of the averaged cell throughput measured for CELL_FACH users for the three startegies.  As can clearly be observed the interference controlled approaches, for which there is no system-wide TBS limit, lead to significant performance gains.  
Table 1 shows the average and 90th percentile throughput gains with respect to the baseline Max-TBS approach, derived from the results in Figure 1.  Average cell throughput gains up to 18% can be observed.  Note that the additional capacity obtained by using inter-cell interference control can also be redistributed to CELL_DCH UEs if so desired.
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Figure 1: Distribution of throughput per E-DCH access
Table 1: E-DCH in CELL_FACH throughput gain w.r.t. Max-TBS

	Algorithm
	Average throughput per access (Mbps)
	90th percentile throughput per access (Mbps)

	Max-Interf
	14%
	15%

	NS-Control
	19%
	20%


3 Discussion

The Max-Interf and NS-Control approaches provide substantial gains in E-DCH in CELL_FACH state throughput over the fixed maximum TBS approach.  The NS-contol provides the best overall performance. Both show significant gain that could be improved with more sophisticated allocation and power control algorithms than the ones we have simulated.
The two strategies much differ however in the information they use. The Max-Interf strategy uses a downlink measurement to deduce the uplink path loss and therefore must use averaged values which take time. The NS-contol strategy, on the other hand, uses direct path loss information.

4 Conclusions
The use of E-DCH in CELL_FACH creates uncontrolled inter-cell interference due to the absence of soft-handover with its accompanying interference control mechanisms.  Imposing a system-wide TBS limit results in an unnecessary average loss of E-DCH in CELL_FACH capacity of up to 20%, depending on the assumed behavioral model. We believe these strategies or others should be further investigated to yield specific mechanisms.
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