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1 Introduction
In the RAN#67 plenary meeting a study item on Downlink Multiuser Superposition Transmission for LTE was approved [1]. The main objective of the study item is to identify and study possible enhancements of downlink multiuser transmission schemes (MUST) within one cell. More specifically, the potential gain of schemes enabling simultaneous transmission of more than one layer of data to more than one UE using the same spatial precoding vector or transmit diversity scheme over the same REs should be investigated. In this contribution we provide our views on the possible CSI enhancements that may be used to improve MUST performance.
2 Discussion
CQI enhancements
To assist scheduling and link adaptation at the eNB, the UE measures the downlink channel using CRS or CSI-RS depending on the transmission mode. Based on the channel and interference measurements, the UE calculates the CSI report which comprises CQI, PMI and RI. In conventional MU-MIMO schemes, CSI is calculated assuming SU-MIMO transmission mode without consideration of the intra-cell interference and possible power offset due to power sharing among MU-MIMO layers. Given this assumption, the reported SU-MIMO CQI is updated at the eNB for MCS selection considering the actual scheduling decisions. Such approach of CSI reporting facilitates flexible MU-MIMO pairing with dynamic fall back to SU-MIMO that is required in the dynamic traffic and interference conditions. 

For downlink multi-user superposition schemes (MUST), the same principle can be applied. More specifically, CSI feedback may be provided assuming no superposition transmission. In this case, the CQI should be updated at the eNB for MCS considering the actual MUST scheduling decisions. At the same time MUST transmission relies on the power domain MU-MIMO pairing with more significant power offsets comparing to conventional MU-MIMO schemes. Therefore, CQI reporting for MUST may consider some enhancements to better reflect the link quality for PDSCH when the power offset is used by the eNB. More specifically, given that CQI reporting implies quantization of SINR at the UE, the dynamic range of the reported SINR (especially the higher values) would be very limited. For example, as shown in Figure 1, the maximum SINR information that can be provided to the eNB by the CQI report is limited to maximum of 19dB regardless of the possibly higher SINR conditions at the UE receiver. Such clipping of the effective SINR would result in very conservative MCS selection for the near UEs especially for those which are closely located to the eNB.
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Figure 1: SINR quantization function for CQI

In order to minimize the effect of maximum SINR clipping and more accurately account for the possible receiver non-idealities (e.g., EVM) when higher power offsets values are applied, multiple CQI reports for the same serving cell may be considered. Such multiple CQI values may be calculated by the UE under different PDSCH power offset values that could be used by the eNB for PDSCH transmission. In contrast to the conventional power offset value Pc used for CSI calculation, the proposed power offsetting should be applied by the UE for CQI calculation only (i.e. not used for RI and PMI).
PMI reporting enhancements


The PMI reporting enhancement for MUST may be also considered. More specifically as observed in [2] the reporting of the additional PMI may be beneficial for the MUST performance. The performance improvement is achieved due to increased MUST pairing opportunity at the eNB, when CQI for more than one PMI report is available at the eNB. 
For 4 and 8 Tx codebook with W1W2 structure, multiple PMI reporting along with CQI should be provided assuming the same reported W1. Multiple PMIs for the W2 under the same W1 is essential considering that most of the channel energy would be contained in the grid of beams of a single W1 reported by the UE. The potential CQI reporting for other W1 may not be beneficial in this case.
RI reporting enhancements


The RI reporting enhancement for MUST may be also considered. More specifically CSI reporting for the smaller RI values in addition to the best RI report may be beneficial for the MUST performance. The performance improvement is achieved due to increased MUST pairing opportunity at the eNB, when CSI for more than one RI report is available. 

3 Summary

In this contribution we discussed CSI enhancements for MUST schemes. It has been proposed to consider multiple CQI, PMI and RI reporting from the UE. Multiple CQIs should be reported by the UE under different power offsets values supported by the MUST scheme to better account possible receiver imperfections and to increase the dynamic range (avoid clipping) of the reported effective SINR. Multiple PMI reporting for W1 should be provided to increase the MUST pairing probability and should be reported assuming a single W1 matrix. CSI reporting for multiple RI may be also considered to increase the MUST pairing probability of the UEs under the same pre-coder constraint.
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