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1 Introduction
In [1] the performance of the CSI reporting modes and the combined use of the modes in live network were discussed. This contribution is a follow-up with further analysis on the system impact of CSI reporting. It is demonstrated that the UE-selected modes will not improve system performance for practical use cases, but only increase the test burden. We therefore propose that the PUCCH and PUSCH 2-x modes are not verified.
2 Use cases of CSI reporting schemes

The realistic use case for CSI in LTE is to apply combined periodic (PUCCH) and aperiodic (PUSCH) CSI, as discussed in [1], while usage of periodic (PUCCH) CSI alone is unrealistic. To get higher data rates, and hence a better user experience, link adaptation can be improved and potential scheduling gains can be increased by scheduling extra CSI reports on the PUSCH. The size of these reports depends on the system bandwidth and is typically larger than the PUCCH CSI reports. Firstly, a PUSCH report includes both the wideband and the sub-band information (when applicable), and secondly, the larger and more informative higher-layer configured mode is available only on the PUSCH.

The larger size of the higher-layer configured PUSCH reports is however acceptable as they are requested from the base station and thus it is possible to adapt their frequency to the current situation to keep the total overhead down. The idea is to only transmit the overhead when the system can benefit from the information contained therein. A good tradeoff can be made between downlink and uplink performance thanks to being able to schedule CSI reports dynamically. The tradeoff can be controlled by an uplink scheduling algorithm which considers both uplink traffic and downlink CSI need.
UE selected CSI on PUCCH has the following drawbacks

· Semi-static configuration means that resources are wasted when there is no downlink data activity by the user and thus CSI is not utilized.
· Reporting per bandwidth part means that a high reporting frequency is required to benefit from the frequency selective CSI reports. This will be unrealistically too high. 

· Usage of PUCCH CSI alone is not a realistic scenario. On the other hand, when PUSCH CSI is triggered, PUCCH CSI is redundant.

· Reception of UE selected PUCCH CSI is more sensitive to lost reports due to dependency of decoding a given CSI report on previous reports being correctly received.

UE selected CSI on PUSCH has the following drawbacks

· Inferior performance compared to higher layer configured CSI

· Less valuable frequency selective information for the scheduler and the link adaptation compared to higher layer configured modes. If a user is not scheduled on the reported best M subbands, the CSI information in the base station is no better than if only wideband information was available.
The cost of requesting CSI together with an uplink data transmission is relatively small and the smaller payload of the UE selected modes compared to higher layer configured modes is not significant. An example is given in the next section.
3 PUSCH CSI overhead

To save uplink signaling overhead, link adaptation is used forCSI reporting on PUSCH. To omit the extra downlink signaling otherwise required for this, implicit link adaptation is used based on the code rate of the data package that the CSI report is multiplexed with. The modulation is always the same for CSI and data. An offset in code rate, , can be configured to enable different error probabilities for the data and the CSI. If only CSI is sent on the PUSCH, QPSK is used as modulation and the code rate is determined by the number of assigned scheduling blocks.

The number of resource elements used for CQI and PMI signaling when multiplexed with data is determined by (2.1), where Q’ is the number of resource elements used for CQI and PMI signaling, O is the number of CSI bits, including an 8-bit cyclic redundancy check (CRC) for the PUSCH formats, QM is the number of bits carried by the selected modulation and CRData is the code rate of data given that no CSI is sent. Equation (2.1) is a simplification of the corresponding standardized formula found in TS 36.212
(2.1)
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Using Equation (2.1) on a typical allocation size of 5 resource block pairs, code rate ½ and QPSK gives a signaling overhead of 5% for a 32-bit report, e.g. a PUSCH 3-1 report with rank 1 for a bandwidth of 25 resource blocks. Hence the cost of requesting CSI together with an uplink data transmission is rather small. 
The larger size of the PUSCH reports compared to the periodic PUCCH is acceptable as PUSCH reports are requested from the base station, making it possible to adapt their frequency to the current situation to keep the total overhead down. The overhead is only transmitted when the system can benefit from the information contained therein.
4 Conclusions

The UE-selected CSI modes on either PUCCH or PUSCH provide no obvious benefits in terms of user- or system performance under live conditions. Therefore, it is proposed 
· not to include test cases for the PUCCH and PUSCH 2-x reporting modes. 
Including these would only increase the test burden. For Rel-10 devices this would be a further addition of the test count to that already anticipated for reporting tests based on CSI RS (new feature). 
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