TSG-RAN Working Group 4 Meeting No. 21                        TSGR4-020338
January 28 – February 1, 2001 Sophia Antipolis, France

Source: 
Intel Corporation


Title:        
Additional Benefits from CPICH Interference Mitigation
Document for:
Information 
___________________________________________________________________________

1. Introduction

This contribution describes some additional benefits available from mitigating the effect of CPICH interference at the UE, aside from the available capacity gains discussed in previous contributions [1]. 

2. Mitigation of Non-Active Set Pilots

There are several direct reasons why pilot interference mitigation should not be restricted only to pilots that are assigned to RAKE fingers or that are in the Active Set.

· Improved Pilot Interference Mitigation: The simulation results reported in [2] showed an increase in the pilot interference mitigation capacity gain of 50-100% or more assuming non-Active Set pilots may be part of the Cancellation Set

· Low Complexity: The complexity involved in implementing a simple pilot tracker is small, and can be done with minimal added cost [1].

Different Assignment Criteria: There is no reason to assume that the criterion used to place pilots in the Active Set is also applicable to determining the Cancellation Set. The decision to place pilots in the Active Set must take a number of things into account that does not apply to the decision on the Cancellation Set, namely: the price in soft handoff overhead, the potential capacity loss from additional downlink transmission, the limits of the RAKE resources, and the current RAKE received signal energy. 
There are also a number of other indirect benefits available from an approach that permits non-Active Set pilot interference mitigation. In order to implement this approach, one would track pilot signals not necessarily associated with RAKE fingers ([3]). This could result in a number of benefits including:

1. Enhanced RAKE Maintenance: Tracking the pilot signals of paths not currently assigned to the RAKE can be used to dynamically and accurately optimize the assignment of RAKE fingers to signal paths. This would include the initial assignment of RAKE fingers, the decisions on when to switch a RAKE finger to another signal path, and the decision to turn off a RAKE finger. 

2. Improved SSDT: By tracking multiple pilot paths not currently assigned to the RAKE, accurate channel/timing information for significant pilot signals will be available at all times for optimized SSDT decisions. This improvement in SSDT performance may in turn permit less reliance on soft-handover for diversity benefits, thus, allowing reductions in soft handover overhead.

3. Reduced Searcher Load: If many of the pilot signal paths found by the searcher are separately tracked, this will substantially reduce the searcher’s need to measure and update the timing/power estimates of the pilot signals that have been previously found, but that are not assigned to RAKE fingers. The searcher will also not have to be relied upon for the demanding updates needed to efficiently implement SSDT algorithms. Thus, the load on the searcher will be substantially reduced, and the searcher will be better able to focus its resources on quickly and accurately finding new pilot signal paths.

4. Improved Soft Handover: If most pilot signals are finely and continuously tracked, then the accuracy of the signal strength measurements and reports will improve, thus, enabling better soft handover decisions by the network. This will enable the system to more accurately and quickly select the optimal Active Set members, which may improve RAKE performance and reduce dropped calls.

5. Reduction in Soft Handover Overhead: A consequence of more accurate signal strength reporting is that it should enable a tightening of the threshold used to trigger soft handoff in the network, e.g., “Add_Window” threshold. In other words, less margin will be needed in setting this threshold. This will result in reducing unnecessary soft handover overhead. A second factor that will enable a reduction in soft handover overhead is illustrated in the curve below.
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The curve provides Normalized Capacity (normalized to the capacity of the RAKE without any pilot cancellation), as a function of the Active Set Add Window value, for several receiver scenarios. These results are for 12.2 kbps and a Case 3 fading channel. As can be seen, the capacity of the Pilot Interference Mitigation receiver with 6 pilots in the Cancellation Set peaks at Add_Window of about 2 dB, while the capacity of the Pilot Interference Mitigation receiver with Cancellation Set = Active Set (and the RAKE without pilot interference mitigation), peaks at Add_Window of about 3 dB. 

Because of the phenomena described above, and because of the increased accuracy in measurements, one should be able to tighten the Add_Window threshold by one dB or more. This can result in a significant reduction in soft handover overhead. For example, in the graph below (which corresponds to the 12.2 kbps simulation discussed above), the percentage of UEs in soft handover decreases from 26% to 18%, a 31% reduction. (Similar results were also obtained for simulations with Case 1 propagation conditions.)
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3. Other Benefits

There are several other potential benefits available from mitigating the effect of pilot channel interference at the UE:

· Pilot Power Allocation Flexibility: An important tool in the optimization of the CDMA radio networks is the adjusting of the pilot power levels. These levels can be optimized to deal with coverage holes, in-building coverage problems, or pilot pollution problems. Mitigating the effect of pilot channel interference at the UE provides the network optimizer an added degree of freedom; it enables the network optimizer to have the flexibility to raise the pilot power level without significantly adversely impacting capacity.

· Channel Estimation and Time Tracking Improvements: Increasing the pilot power levels may also provide improvements to channel estimation and time tracking. The accuracy of channel and timing estimation is potentially an issue with some of the higher-order constellation modulation schemes proposed for HSDPA, e.g., 64 QAM. Raising the pilot power levels may mitigate this problem, while utilizing CPICH interference mitigation will ensure that capacity is not significantly degraded. We are currently studying this issue. 

· HSDPA Throughput: Utilizing pilot interference mitigation for HSDPA users can translate to improved SNR, and thus, to higher throughputs. The SNR gains will be directly related to the percentage of interference seen by the UE that are due to the pilot channels. For situations where the percentage of interference due to pilots is 10-20%, the potential gain in SNR would be approximately 0.5-1.0 dB.
4. Conclusion

This document described various additional potential benefits available from mitigating the CPICH interference effect at the UE, (besides the capacity gains reported in [1]), including the direct and indirect benefits available from including non-Active Set pilot channels in the mitigation processing. 
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