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1 Introduction
In this contribution we discuss the impact of the removal of set S has on (Fractional) Frequency Reuse ((F)FR) schemes in LTE.  

The heart of the matter is that without set S, the wideband CQI feedback becomes inaccurate due to the coloured noise spectrum.  Because the CQI reported for almost all feedback schemes (wideband, narrowband etc) is reported differentially with respect to the wideband CQI, almost all CQI feedback schemes are affected and the performance can be degraded significantly.  

We therefore believe that set S should be included within the present standard.  

2 Inaccuracy of Wideband Feedback

With FR (or FFR) schemes, the level of interference experienced by a UE varies from one part of the band to another.  The areas of the band in which the UE is scheduled (i.e. set S) will have significantly lower interference than the rest of the band.  However, when a UE calculates its wideband CQI, it does not know where it will be scheduled. Therefore, the UE must average this interference across the whole band, meaning that the UE assumes that it will receive much more interference than it actually will. This results in very pessimistic CQI reporting.  As the algorithm used to calculate the CQI is entirely implementation specific, it is very difficult for the eNodeB to compensate for this effect, which will result in poor MCS adaptation.  Consider a simple FR 1/3rd scheme in which the interference is 6dB higher in the unused subands, if the interference is averaged across the whole band, this will result in a CQI mismatch of 4.7 dB.  

If set S is configured, then the wideband CQI reported would align with the low interference RBs and thus accurate MCS adaptation would be simple to achieve.

3 Other feedback Options

Aside from wideband feed back, there are several other options available for feedback.  When CQI/PMI feedback occurs with PUSCH modes 2-x and 3-x can be used, where x= 0, 1 or 2.  However, this is not any more accurate than the wideband CQI.  Both of these schemes report the CQI differentially with respect to the wideband CQI.  We saw above that the wideband CQI can easily be greater than 4 dB off the actual CQI, add on top of that the frequency selective gains and the differences can easily be 8 or 9 dB.  However, the maximum difference from the wideband report is 4 dB (3dB if the difference crosses an overlap region), therefore the CQI reported using mode 2-x or 3-x would always be 4 steps higher than the wideband CQI which gives no additional information to the scheduler.  Thus, CQI/PMI feedback with PUSCH cannot be reliably used.  

With set S, the wideband CQI is calculated only within the configured subbands, thus modes 2-x or 3-x would perform normally

For CQI/PMI feedback using PUCCH, mode 2-x can be used in addition to wideband feedback.  In mode 2-x, the UE scans through different bandwidth parts and reports back the CQI/PMI of the best subband in the bandwidth part.  This CQI is not reported differentially so it can be used when it is transmitted.  However, depending on how the (F)FR scheme is implemented many bandwidth parts may contain no subbands which can be used in this cell.  Therefore, approximately 1/K of the feedbacks cannot be used, in a frequency reuse 1/K system.  

With set S the Bandwidth parts are always within set S thus the reported CQI can always be used. 

4 Conclusions

We believe that without set S, or, setting S equal to the entire system bandwidth, application of (F)FR schemes in LTE becomes difficult, as only one type of CQI feedback is accurate and that type has significantly increased overhead.  We feel that complexity of implementing set S is marginal while the gains could be significant in many common scenarios. We therefore believe that the set S should be configurable in the LTE standard.
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