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1. Introduction

In RAN1#73 meeting, CSI measurement and reporting issues in TDD eIMTA was noticed and addressed during online discussions, and have the following agreement
· In DL, at least two subframe sets can be configured to allow separate CSI measurement/report for either two types of  subframes, and/or two types of interference seen by a subframe 

· FFS if additional (more than two) subframe sets are needed

· FFS if applicability of this in different CSI reporting modes and/or transmission modes

In this paper, we analyze the potential problem for CSI measurement and reporting in TDD eIMTA under above agreement, and also give our view on FFS part.
2. CSI measurement
Though it has been agreed that “at least two subframe sets can be configured to allow separate CSI measurement/report for either two types of subframes, and/or two types of interference seen by a subframe”, how the measurement is done in the two subframe sets and how the CSI is derived in the two subframe sets still need further discussion. 
In LTE R10, each UE can be configured zero or two CSI measurement subsets and for UEs configured with transmission mode 1 to 9, the interference in both subframe sets are measured based on CRS. However, whether CRS exist in flexible subframes is not determined yet, and one motivation to remove CRS from flexible subframes is to facilitate interference reduction via frequency domain ICIC. Then in case CRS is unavailable in one subframe set, there is the problem of CSI measurement in that subframe set. The problem can be solved by measure interference in the mentioned subframe set without CRS based on other reference signals, e.g, DMRS, or zero-power CSI-RS, but further study is still needed to evaluate the measurement accuracy. Moreover, though TM1-9 UEs can be configured with one zero-power CSI-RS resource configuration, which may be a 16 bit string indicate multiple CSI-RS configurations, then additional signalling is needed to indicate part of ZP-CSI-RS resource for measurement. 

For UEs configured with transmission mode 10, they shall derive the interference measurements for computing the CQI based on only the zero power CSI-RS within the configured CSI-IM resource, then to measure interference in each subframe subset, there should be CSI-IM in each subframe subset. However, according to current specification, there is one restriction for CSI-IM configuration, i.e., “A UE is not expected to receive CSI-IM resource configuration(s) that are not all completely overlapping with one zero-power CSI-RS resource configuration which can be configured for the UE”. Since one ZP CSI-RS configuration can only in one subframe set (the minimal periodicity is 5ms), it means all the CSI-IM configurations have to be in same subframe set and separate measurement for the two subframe sets are impossible. To solve the problem, the above mentioned CSI-IM configuration restriction has to be removed.
Proposal 1: remove the restriction for CSI-IM configuration.
Another direct way to enable separate CSI measurement for multiple subframe sets is configuring multiple CSI processes. Obviously, this can apply only to TM 10 UEs, which can be configured by higher layers up to 4 CSI processes per serving cell with each CSI process corresponding to a different hypothesis about the transmitting point and the interference. However when this applies to flexible TDD scenario, some problems can be observed:
· The first problem is also due to the restriction on CSI-IM measurement, since it makes it impossible for the multiple CSI-IM configurations corresponding to different CSI process to be in different subframe set and then makes the separate measurement for fixed and flexible subframes impossible. Then in such case, the restriction on CSI-IM configuration still need to be removed, and allow configure separate CSI-IM resource for fixed and flexible subframes.
· The 2nd potential problem is lack of enough CSI processes to support both COMP and flexible TDD. As each CSI process corresponds to a different hypothesis about the transmitting point and the interference. Then in flexible TDD, more different interference has to be considered, which may make 4 CSI processes not enough. To solve the problem, one way is to allow each CSI process associate with multiple CSI-IM resources and select different CSI-IM resource to use for fixed and flexible subframes. 
· Additionally, since CRS configuration and PDSCH starting symbol (PDCCH region) may be different in fixed and flexible subframes, also, the ZP-CSI-RS configuration which is used to enable separate CSI measurement can be different. All these differences call for different rate matching assumptions.  Currently, for UEs with transmission mode 10, they are configured 4 parameter sets, and it is possible to dynamically adjust the parameter set to use for PDSCH scheduled with DCI format 2D. However, for PDSCH scheduled with DCI format 1A, or for EPDCCH, the rate matching parameters are configured by higher layers, and currently the configuration cannot provide different rate matching in fixed and flexible subframes. Then to solve the problem, UE can be configured with multiple PQI parameter sets for flexible and fixed subframes separately, or, allow one parameter set for PQI consist separate ZP CSI-RS configurations for fixed and flexible subframes. 

3. Aperiodic CSI report
Since flexible subframes can be dynamically configured to be UL or DL, then semi-static periodic CQI measurement and report for flexible subframes may not be available, then from this point of view, aperiodic CQI report can be more suitable to support CQI measurement/report for flexible subframes. For aperiodic CSI report, there is the following definition for reference resources:
· For a UE configured in transmission mode 1-9 or transmission mode 10 with a single configured CSI process for the serving cell, the CSI reference resource is defined by a single downlink subframe n-nCQI_ref,[1]
· where for aperiodic CSI reporting nCQI_ref  is such that the reference resource is in the same valid downlink subframe as the corresponding CSI request in an uplink DCI format;.
The above description means that the CSI reference resource for aperiodic CQI is in DL subframe which is used to send the UL grant with CSI request. In Rel’11, the UL HARQ timing is determined by the TDD configuration, and for flexible TDD, though HARQ timing determination is not decided yet, one solution can be to determine the timing based on reference TDD configuration.  According to the Rel’11 specification, in case of TDD configuration 0 or 1, there is no UL grant sent in flexible subframes, i.e, CSI request is always sent from fixed subframes, and CSI reference resource is always fixed subframes. 
According to current Rel’11 specification, there is the definition that “If the UE in transmission mode 10 is configured by higher layers for CSI subframe sets CCSI,0 and CCSI,1 for the CSI process, the configured CSI-IM resource within the subframe subset belonging to the CSI reference resource is used to derive the interference measurement.” Then based on above conclusion, it can be observed that in case of (reference) TDD configuration 0 or 1,  only the fixed subframe can be used for interference measurement for aperiodic CSI report. This is obviously makes the separate aperiodic CSI report for flexible and fixed subframes impossible and then further study is needed to solve the problem. One possible way is to introduce additional indication in CSI request to trigger CQI report for which subframe set, i.e, fixed or flexible subframes, and then modify the CSI reference resource definition to make the reference resource depend on the indicated subframe type in CSI request, e.g,  “the CSI reference resource is defined by a single downlink subframe n-nCQI_ref,  where nCQI_ref is the smallest value greater than or equal to 4 such that it corresponding to a valid DL subframe in the subframe set indicated by CSI request”.
Proposal 2: The potential problems in CSI measurement and aperiodic CSI report should be studied, and the mentioned solutions in this paper should be considered.
4. Conclusions
In this paper, we analyze the potential problems for CSI measurement and aperiodic CQI reporting in TDD eIMTA under current agreement, and some possible solutions are considered. We recommend that the problems mentioned in this paper are further studied, and the solutions are considered. Also, we have the following proposals
Proposal 1: remove the restriction for CSI-IM configuration.
Proposal 2: The potential problems in CSI measurement and aperiodic CSI report should be studied, and the mentioned solutions in this paper should be considered.
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