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1. Introduction
The following agreement was made in RAN1#74 for CSI measurement/report in dynamic TDD UL-DL reconfigurations [1]:
· In DL, up to two subframe sets can be UE-specifically signaled (per serving cell) to allow separate CSI measurement/report for either two types of subframes, and/or two types of interference seen by a subframe.

· FFS if applicability of this in different CSI reporting modes and/or transmission modes
· Confirm working assumption and agree on explicit L1 signaling of reconfiguration by UE-group-common (e)PDCCH.

· The L1 signaling is used to at least inform the UE the downlink subframes to detect (e)PDCCH, and to possibly measure CSI

· Other purposes of this L1 signaling is FFS
This contribution discusses details on CSI procedure in TDD eIMTA; CSI-IM configuration, subframe set indication and aperiodic CSI triggering. 
2. Discussion
2.1. CSI-IM configuration
In [2], it was proposed to introduce a new CSI-RS subframe configuration with 1ms periodicity for supporting multiple CSI measurement of a UE with single CSI process. The UE with single CSI process can measure separate CSIs using this proposal and multiple subframe sets, but this method may cause excessive CSI-RS resource overhead. In order to reduce overhead, 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, and overhead by CSI-RS subframe configuration can be saved by this method. 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 [3], 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 (i.e. UE-group common (e)PDCCH) of reconfiguration was agreed, CSI measurement subframe set provided by high layer signaling cannot reflect interference condition which is updated dynamically. If the new DCI for UL-DL reconfiguration delivers a concatenation of multiple UL-DL configurations, and if each UL-DL configuration is associated with a certain TP/RP by the eNB configuration as proposed in [4], 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”). We note that actual measurement is performed on DL subframes of serving cell as depicted in Figure 2, and each set could mean a static subframe set or a flexible subframe set. 

[image: image2.emf]1 1 1 0 0 1 1 1 0 0

1 1 0 0 1 1 1 0 0 1

0 0 0 1 1 0 0 0 1 1

1 1 0 0 1 1 1 0 0 1

Set0 by high layer signaling

Set1 by high layer signaling

DL SFs of serving cell

DL SFs of serving cell

1 1 0 0 0 1 1 0 0 0

0 0 0 0 1 0 0 0 0 1

Actual Set0

Actual Set1

Measurement subframe set of UE1


Figure 2. Derivation of actual measurement 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.
2.3. Aperiodic CSI triggering
In the current specification, when two CSI subframe sets are configured, the location of UL grant transmission determines which subframe set is used in reporting the aperiodic CSI.  However, if UL grant can be transmitted only in static DL subframes to keep (semi-)static HARQ timeline under dynamic reconfiguration in TDD eIMTA, the UL grant cannot be on flexible DL subframes, and as a result, it is not possible to trigger aperiodic CSI targeting flexible DL subframes under the current specification In order to solve this problem, following options can be considered;
Option 1) New field is added to the UL grant to indicate the measurement subframe set to report. When aperiodic CSI is triggered, the serving TP can indicate a certain measurement subframe set to report.

Option 2) CSIs of all measurement subframe sets are reported on the single UL SF when aperiodic CSI is triggered.

Option 3) Each DL subframe in which UL grant can be transmitted is associated with one of the two CSI measurement subframe set. UE reports the CSI measurement subframe set which is associated with the DL subframe in which the triggering UL grant is transmitted.

Option 1 leads to a new DCI format for UL grant, considering time schedule of eIMTA WI, it is not desirable to adopt Option 1. In current specification, if the UE is configured with two or three CSI processes for the serving cell, maximum 3 CSI reporting can be requested to each UE. In this case, the eIMTA UE should report 6 CSIs to report CSIs of all measurement subframe set on the single UL subframe. In order to decrease UE complexity, additional specification works may be needed; for example, restriction of the number of CSIs to be reported. Considering UE complexity and additional specification works, Option 3 is preferable. Moreover, Option 3 can maintain the principle of aperiodic CSI reporting in Rel-10/11 specifications, i.e. when two CSI subframe sets are configured, UE just report CSI of a certain subframe set, and the subframe set is determined by the location of a DL subframe which transmits a related UL grant. 
 Proposal 4: 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: 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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