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1 Introduction
For transmission modes 1-8, cell-specific reference signal (CRS), which is available in every subframe, is used for deriving CQI/PMI/RI reports. When UE is configured in transmission mode 9, however, it always uses channel state information reference signal (CSI-RS) to derive CQI/PMI/RI reports [1]. Compared to CRS, CSI-RS is sparser in time and is not present in every subframe. This leads to the problem regarding whether a downlink subframe must contain CSI-RS to be a CQI reference subframe. Two different answers [2][3] to this problem are as follows:

· Alt1: No, i.e., the CQI reference resource is not required to contain CSI-RS. 

· Alt2: Yes, i.e., a downlink subframe can be a CQI reference subframe only if it contains CSI-RS.
Alt1 was adopted as the working assumption in RAN1 #63bis meeting [4]. In this contribution, we present our views on the remaining details about CQI measurement in Rel-10 under the assumption of Alt1.
2 Discussion on CQI derivation in Rel-10
For Alt1, the relative timing between the CQI reference subframe and the CQI reporting subframe remains the same as in Rel8/9. A difference from Rel8/9 is that the reference subframe may not contain CSI-RS so the UE would need to perform CSI prediction to obtain channel estimate in the reference subframe. Since CQI derivation is based on an unrestricted observation interval in time and frequency, the UE may extrapolate channel estimates corresponding to multiple previous CSI-RS subframes for better prediction accuracy. 
Let PCSI-RS be the periodicity of CSI-RS in units of subframes, and nCQI_ref be the UE CQI measurement delay as defined in [1]. Fig.1 shows an example when the largest CSI prediction depth with value 
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 occurs, where a CSI-RS subframe immediately follows a CQI reference subframe. Note that PCSI-RS has a largest possible value of 80ms [1], which may be a too long duration for CSI prediction to yield satisfactory performance especially in rapidly varying environments. In case of periodic reporting, this problem can be mitigated by properly selecting the periodicity and offset for CSI-RS subframes and CQI reporting subframes to minimize the prediction depth. In case of aperiodic reporting, a tradeoff between timely CQI request and small CSI prediction depth may be considered. Since the quality of CQI derived from CSI-RS has not been thoroughly investigated in different scenarios, we suggest that RAN4 conducts performance evaluation to provide more insight into CSI-RS configuration, and to ensure that the CQI is accurate enough for link adaptation.
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Fig. 1. An example of subframe timing.
3 Conclusions

In RAN1#63bis, a working assumption was made that the CQI reference resource is not required to contain CSI-RS. The UE will therefore extrapolate the CQI value between the CSI-RS subframe and the CQI reference resource, with the maximum amount of extrapolation equal to the CSI-RS periodicity minus one (illustrated in Fig. 1). We suggest that “RAN4 develop CSI-RS performance requirements that include the case where the CQI reference subframe does not coincide with a CSI-RS subframe. For example, at least one test case with a maximum difference of 9 ms between the CSI-RS subframe and the CQI reference subframe may be appropriate with a typical CSI-RS periodicity of 10 ms.”
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