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1. Introduction
In this contribution, we discuss details on CSI procedure in TDD eIMTA; interference measurement resource, measurement subframe set derivation and periodic/aperiodic CSI reporting. 
2. Discussion
2.1. CSI-IM configuration
In TM10, in order to support multiple CSI measurement of a UE with single CSI process, multiple CSI-IM configurations can be considered. In other words, CSI-IM resources can be configured for each measurement subframe set, e.g. CSI-IM0 for static subframe set and CSI-IM1 for flexible subframe set. Then, a UE can make separate CSIs using 1 CSI-RS configuration and 2 CSI-IM configurations. Another problem to solve for supporting separate CSI measurements is the restriction of CSI-IM configurations where all CSI-IM resources must be covered by one ZP CSI-RS configuration. Because ZP CSI-RS configuration has a periodicity of multiple of 5ms, in most cases, only one interference condition (e.g. static SF or flexible SF) can be measured in TDD eIMTA. So, the restriction made in Rel-11 CoMP WI needs to be modified in Rel-12 TDD eIMTA. One way would be to maintain the restriction in the subframes where legacy UEs, including Rel-11 UEs, can expect CSI-IM configuration so that the existing restriction is still valid from their viewpoint. This implies that CSI-IMs configured on DL subframes indicated by SIB1 should be coverable by a ZP CSI-RS configuration while CSI-IMs configured on the other subframes are not subject to this restriction. Consequently, the specified UE assumption can be changed across specification releases in a smooth manner.
Similar interference measurement scheme (i.e. multiple CSI-IM configurations) was also proposed in [1], which is named as anchor-based CSI measurement. In that scheme, multiple CSI processes are configured in static DL subframes, with TDD UL-DL configuration-specific CSI-IMs. Each eNB should transmit different interference signal on each CSI-IM of neighbor cell for this scheme, for example, interference signal corresponding to DL and UL subframe can be transmitted on CSI-IM0 and CSI-IM1 of neighbor cell, respectively. So, UEs which are included in neighbor cell can measure interferences reflecting every subframe set on static DL subframes. However, there are some problems in this scheme. First of all, it needs to be verified whether interference emulation of eNB is reliable or not. Another problem is that excessive CSI-IM resources are allocated only in static DL subframes and it can cause DL throughput degradation of legacy UEs which use only static DL subframes for DL transmission.
Proposal 1: Multiple CSI-IM configurations can be configured for a UE with single CSI process. Each subframe set can have own CSI-IM configuration. 
Proposal 2: The restriction of CSI-IM configurations where all CSI-IM resources must be covered by one ZP CSI-RS configuration can be removed on flexible subframe set. 

2.2. Subframe set for CSI measurement
In eICIC WI, it was agreed that two restricted measurement sets are provided by high layer signaling. However, as the explicit L1 signaling of reconfiguration was agreed, CSI measurement subframe set provided by high layer signaling cannot reflect interference condition which is updated dynamically. According to agreements in previous meeting, the UE can be indicated by one explicit reconfiguration DCI for the two or more eIMTA-enabled cells if the DCI is transmitted in PCell PDCCH CSS, and two or more indicators (each of 3-bits) for the corresponding two or more eIMTA-enabled cell can be included in one explicit reconfiguration DCI for a UE configured with two or more eIMTA-enabled cells (if the DCI is transmitted in PCell PDCCH CSS). By these agreements, it is possible for the UE to derive the CSI measurement subframe pattern implicitly from the momentary UL-DL configurations. For example, CSI measurement subframe patterns for each UL-DL configuration index of dominant interferer can be provided first by high layer signaling, and the UE is aware of CSI measurement subframe set implicitly when the UE receives UL-DL configuration of dominant interferer by the explicit L1 signaling. 
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Figure 1. An example of the implicit measurement set derivation
Figure 1 describes the implicit subframe set derivation. The serving TP (i.e. TP1) indicates two measurement subframe sets for each UL-DL configuration index of each neighboring TP by high layer signaling. The dominant interfering TP can be decided based on UE’s neighboring cell measurements. In this figure, the dominant interfering TPs of UE1 and UE2 are TP2 and TP3, respectively. The UE1 can select measurement sets (i.e. set0, set1) when TP1 provides multiple configurations using explicit L1 signaling, e.g. in Figure1, the UE1 knows UL-DL configuration of TP2 by explicit L1 signaling, and then the UE decides measurement subframe set0 and set1 using high layer signaled information. (In this example, set0 is “1110011100” and set1 is “0001100011”). 
Proposal 3: The implicit derivation of measurement subframe sets could be considered. For the implicit measurement subframe set derivation, the serving TP can provide measurement subframe set combination for each configuration index of interfering TPs by high layer signaling.

In [2], it was proposed that at least when a UE decodes explicit L1 signaling of reconfiguration correctly and detects a valid UL-DL configuration, the UE shall measure CSI only in subframes indicated as DL subframe or special subframe by the explicit L1 signaling of reconfiguration. This issue was one of the most important reasons to adopt the explicit L1 signaling for UL-DL reconfigurations. With regard to the wording of "a valid UL-DL configuration", if the static UL subframe in DL HARQ reference configuration is changed to DL subframe (and/or the static DL subframe in UL HARQ reference configuration is changed to UL subframe) by the explicit L1 signaling of reconfiguration, this reconfiguration message should be assumed to be invalid from the perspective of UE. With this aspect, we think that it would be better to keep this wording. In conclusion, the proposal is a natural consequence of the agreements RAN1 has made so far, and Figure 2 describes an example of actual measurement set derivation.
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Figure 2. Derivation of actual measurement subframe set

When a UE does not receive a valid UL-DL configuration, a kind of fallback operation is needed. This fallback operation can be in line with that discussed in [3] and the principle is that CSI should be measured only in static DL and special subframes (i.e., DL and special subframes in SIB1 configuration) to prevent any potential CSI measurement corruption. 

Proposal 4: When a UE decode explicit L1 signaling of reconfiguration correctly and detects a valid UL-DL configuration, the UE shall measure CSI only in subframes indicated as DL subframe or special subframe by the explicit L1 signaling of reconfiguration. Otherwise, the UE shall measure CSI only in DL or special subframes in SIB1 configuration.
2.3. Aperiodic CSI triggering
It is obvious that the eNB should be able to take advantage of aperiodic CSI reporting when TDD eIMTA is under operation. According to the working assumption (i.e., For UE configured with TDD eIMTA, uplink scheduling timing and HARQ timing follow UL-DL configuration signaled in SIB1) made in previous meeting, the UL grant can be transmitted only in a subframe configured as DL subframe or DwPTS of special subframe in SIB1 (in case of PCell) and RadioResourceConfigCommonSCell IE (in case of SCell), and as a result, it is not possible to trigger aperiodic CSI targeting the flexible subframe set under the current specification where the UE reports CSI for the subframe set which the subframe for the associated UL grant transmission belongs to. In order to solve this problem, following options were listed in [2];

· Alt 1: Subframe location determines the CSI measurement subframe set to be reported.

· Alt 1-1: Each DL subframe in which UL grant is transmitted is associated with one of the two CSI measurement subframe sets.

· Alt 1-2: Each UL subframe in which aperiodic CSI is reported is associated with one of the two CSI measurement subframe sets.

· Alt 2: CSI request field in UL grant determines the CSI measurement subframe set to be reported.

· Alt 2-1: An additional bit is added to the A-CSI request field in UL grants to indicate the CSI measurement subframe set to be reported.

· Alt 2-2: Higher layer signaling configures the CSI measurement subframe set to be reported for each state of the existing CSI request field (no additional bits).

· Alt 3: UE reports CSI for both sets whenever two CSI measurement sets are configured.
Among the alternatives, Alt 1-1 is preferable because it can maintain the principle of aperiodic CSI reporting in Rel-10/11 specifications, i.e. when two CSI subframe sets are configured, UE just reports CSI of a certain subframe set, and the subframe set is determined by the location of a DL subframe which transmits the related UL grant. One may be concerned about the lack of flexibility in the aperiodic CSI triggering, but this limitation has been in the specification since Rel-10 eICIC and no problem has been identified so far.

Regarding Alt 2 and 3, the issues of UE implementation complexity in CSI calculation/report need to be considered because the current UE reports only one CSI for each CSI process. From UE implementation perspective, simultaneously reporting two CSI measurement sets of a single CSI process is equivalent to simultaneously reporting two CSI processes in TM10. Thus, in Alt 3, UE always reports CSIs for both sets, so the timing of CSI reference resource and UCI piggybacking to PUSCH should be carefully investigated due to the increase in the number of reported CSIs. A similar issue may arise in Alt 2 if a UE is required to support two-set CSI report per CSI process, so either the issues of CSI timing and capability are properly handled or it is guaranteed that only one CSI set is reported per CSI process. In addition, it should be clarified which subframe set is used when only one bit is available for CSI request (e.g., DCI format 0 in CSS) e.g., by defining a default set to be reported in this case. Especially in Alt 2-2, the impact of using the CSI request field for the indication of CSI subframe set needs to be considered in CoMP or CA operations because only three states are available for the indication of reported CSIs; using Alt 2-2 may cause inflexible CSI triggering across component carriers and CSI processes.
The type of UL subframe used for periodic CSI reporting should be discussed. In flexible UL subframe, the reliability of CSI can be decreased because of the possibility of being changed to DL. So it is desirable that periodic CSI is transmitted only in the fixed UL subframe (i.e., UL subframe in the DL reference configuration).
Proposal 5: Each DL subframe in which UL grant can be transmitted is associated with one of the two CSI measurement subframe set.
3. Conclusion
This contribution discussed details on CSI procedure in TDD eIMTA; CSI-IM configuration, subframe set indication and aperiodic CSI triggering. Our proposals are as follows;

Proposal 1: Multiple CSI-IM configurations can be configured for a UE with single CSI process. Each subframe set can have own CSI-IM configuration. 

Proposal 2: The restriction of CSI-IM configurations where all CSI-IM resources must be covered by one ZP CSI-RS configuration can be removed on flexible subframe set. 
Proposal 3: The implicit derivation of measurement subframe sets could be considered. For the implicit measurement subframe set derivation, the serving TP can provide measurement subframe set combination for each configuration index of interfering TPs by high layer signaling.

Proposal 4: When a UE decode explicit L1 signaling of reconfiguration correctly and detects a valid UL-DL configuration, the UE shall measure CSI only in subframes indicated as DL subframe or special subframe by the explicit L1 signaling of reconfiguration. Otherwise, the UE shall measure CSI only in DL or special subframes in SIB1 configuration.
Proposal 5: Each DL subframe in which UL grant can be transmitted is associated with one of the two CSI measurement subframe set.
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