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1
Introduction
The need for enhancements to CSI reporting to capture the impact of cross-link interference has been discussed in [1, 2, 3, 4]. The challenges related to CSI reporting with eIMTA arise from the fact that interference conditions may be very different between fixed and flexible DL subframes. In this contribution we briefly discuss the issues related to CSI reporting for TDD eIMTA.  
2
Discussion
The problem related to CSI reporting (including CQI, PMI and RI) is that the CSI should reflect actual interference conditions at the UE side. The downlink channel as such does not vary significantly among e.g. consecutive DL subframes. However, when used as DL subframes, flexible subframes experience interference which may be fundamentally different from that of fixed DL subframes. The main reason behind this is the fact that interference scenario can be different.

In flexible subframes, in addition to DL-to-DL interference, also UL-to-DL interference can be present. Therefore the same CSI, and especially the same CQI as for fixed DL subframes is not necessarily valid. This is due to the reason that CQI typically represents the signal-to-interference-plus-noise-ratio (SINR), and a change in the observed interference directly impacts the determined CQI (and possibly rank and consequently PMI as well).

A further restriction to CSI reporting is that a UE cannot properly measure DL channel in the UL subframes as (1) there are no downlink reference signals (CRS or CSI-RS) present to make channel estimation, and (2) that own cell UL interference corrupts the interference estimate (that cannot be present during flexible subframes used as DL in own cell). Furthermore, it is noted that in the case all the flexible subframes of the radio frame are used as UL subframes, there is no capability to measure CSI at all during flexible subframes.

LTE Rel-11 provides specific CSI-IM resources (interference measurement resources) for the purpose of interference measurement, to be used in addition to CSI-RS. While in the prior releases the UE measures channel for CSI measurements from the Common Reference Signals (CRS) or CSI-RS, and interference always from the CRS, in Rel-11 the UE may measure the interference from the CSI-IM resourcess for better interference estimation capability in certain scenarios. 

Observation: While the channel conditions do not change significantly between e.g. consecutive fixed DL and flexible subframes, the observed interference level may be significantly different.

In order to be able to capture the CSI for flexible subframes, certain enhancements to present CSI measurement and reporting mechanisms could be envisioned. Firstly, it should be possible to configure a separate CSI measurement process for the fixed and flexible DL subframes. The basic principle lends itself from TDM eICIC, where it is possible to restrict the CSI measurements to consider only a subset of all subframes. 

Another point to consider involves the reference signals to be used for CSI measurement (both channel and interference). While it may be sufficient to estimate the channel always based on non-zero power CSI-RS in a fixed DL subframe, the UE would additionally need to be able to obtain an interference estimate for the flexible DL subframes. As discussed in [2], this may motivate some further changes to CSI-IM definition, as currently CSI-IMs can only be configured with a minimum periodicity of 5 ms.    

Observation: Current CSI-IM resource definition does not suit well the TDD eIMTA framework since CSI-IMs cannot be configured into adjancent subframes and all CSI-IM resources must be covered by one ZP CSI-RS configuration.
One further aspect to consider is the implications of UL-DL reconfiguration signalling mechanisms on the CSI measurement for flexible subframes. Depending on the signalling principle chosen (dedicated vs. common, implicit vs. explicit), the link direction is in a given flexible subframe may be unknown to the UE. This does not appear to be a fundamental problem though. Even if the UE attempts to measure CSI in an UL subframe, provided that the interference measurements are sufficiently restricted in time, the eNodeB knows what the link direction has been for a given CSI report, and may disregard the meaningless ones. Furthermore, all UL subframes do not necessarily have any UL signals present, in which case the CSI is useful as such. Therefore, it does not seem necessary to explicitly forbid CSI measurements in flexible UL subframes. Of course, further studies on the CSI measurement and related resources may be justified once the UL-DL reconfiguration signalling principle is chosen.
Proposal: Enable CSI reporting for flexible subframes and study further the related signalling and measurement changes.
4
Conclusions
In this contribution, we have discussed various aspects related to CSI measurements in TDD eIMTA. Based on the considerations, we make following observations:
Observation: While the channel conditions do not change significantly between e.g. consecutive fixed DL and flexible subframe, the observed interference level may be significantly different.

Observation: Current CSI-IM resource definition does not suit well the TDD eIMTA framework since CSI-IMs cannot be configured into adjancent subframes and all CSI-IM resources must be covered by one ZP CSI-RS configuration.
Furthermore, we make the following proposal:
Proposal: Enable CSI reporting for flexible subframes and study further the related signalling and measurement changes.
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