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1. Introduction
In RAN#75 [1], the following has been agreed regarding CSI measurement and reporting in TDD eIMTA:

· When a UE decodes explicit L1 signaling of reconfiguration correctly and detects a valid UL-DL configuration, the UE shall measure CSI only within the subframes indicated as DL subframe or special subframe by the explicit L1 signaling of reconfiguration
· If UE does not detect L1 signaling conveying a valid UL-DL configuration for a radio frame, the UE shall measure CSI only within the subframes indicated as DL subframe or special subframe by SIB configuration
· Aperiodic CSI feedback shall be supported for all the configured measurement subframe set(s)
In this contribution, we discuss the remaining details of CSI measurement and related reporting schemes in eIMTA. 
2. Discussion
2.1. CSI measurement subframe set
At the RAN1#74bis meeting, it was agreed that up to two subframe sets can be configured to allow separate CSI measurement and report for either two types of subframes for TDD eIMTA. For the signaling of two CSI subframe sets, either dynamic or semi-static signaling can be considered. However, the benefit to use dynamic signaling to indicate the two subframe sets is not clear when considering the non-ideal backhaul and the factor that the interference measurement is typically averaged over a certain time period. Therefore, semi-static configuration of the two CSI subframe set via higher layer signaling is preferred. The existing signaling for the restricted measurement subframe set defined for Rel-10 eICIC can be reused. Note that the restricted measurement subframe set can be applied with all the existing transmission modes. The bitmap indication of subframe set provides sufficient flexibility in configuring two CSI subframe set for TDD eIMTA. 
Proposal 1: Semi-static configuration of two CSI subframe sets shall be used for TDD eIMTA. The existing signaling for the restricted measurement subframe set defined for Rel-10 eICIC can be reused. 

2.2. Aperiodic CSI measurement and report
2.2.1. CSI measurement and report for TM 1-9
For TM1-9, the interference is measured using CRS, while channel measurement is done either CRS or CSI-RS depending on TM. Therefore, for CSI reporting of two subframe sets, the channel measurement can be done on fixed DL subframes while interference measurement is required to be conducted on both DL fixed and flexible subframes. According to the current specification, for a UE configured in TM 1-9 and aperiodic CSI reporting, only the CSI of the DL subframe carrying UL grant can be reported. Since in TDD eIMTA, UL HARQ timing is based on a reference configuration of the SIB1 configuration, the UL grant for PUSCH can only be sent in fixed DL subframes. This means the CSI of flexible DL subframes cannot be reported. Several alternatives were proposed in [2] to solve this problem. However, these proposals may require lots of specification efforts. For example, one additional bit is proposed to be added to the A-CSI request field in UL grant to indicate the CSI measurement subframe to be reported. The implicit triggering method based on subframe location, e.g., either A-CSI request DL subframe or A-CSI report UL subframe, may be simple but will add the constraint to the eNB’s scheduler, which is not desirable either. 
According to the UL grant to PUSCH timing defined in the current specification, the maximum delay is 7ms for TDD UL-DL configuration 5 and typically either 4 or 6 ms for other UL-DL configurations. For aperiodic CSI reporting of TM 1-9, it does not make sense to measure a subframe before the triggering DL subframe. Therefore, the reference resource for aperiodic CSI reporting of TM 1-9 must be on or after the A-CSI request DL subframe. Therefore, we can determine the reference subframe for aperiodic CSI reporting of TM 1-9 based on the transmission direction of subframe n-4, e.g. four subframes prior to the A-CSI report subframe. If subframe n-4 is DL, either fixed or flexible, then the reference subframe will be subframe n-4 otherwise the reference subframe shall be same as A-CSI request DL subframe. This is because if n-4 is a UL subframe then it is impossible to have a flexible DL subframe between the A-CSI request DL subframe and subframe n-4. The subframe type of the reference subframe shall determine which CSI subframe set is to be reported for aperiodic CSI reporting. The benefit of this proposal is the minimum specification change and fully compatible with existing mechanism. The example of the proposed solution for different CSI reference resources are illustrated in Figure 1, where the A-CSI request DL subframe is same for all three cases but the CSI of two subframe sets are reported dependent on both A-CSI report UL subframe and direction of subframe n-4 which is indicated by the actually used UL-DL configuration. 
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Figure 1: Example of different reference resource for A-CSI reporting of TM 1-9
Proposal 2: For aperiodic CSI reporting of TM 1-9, the CSI reference subframe determines the CSI measurement subframe set to be reported. The reference subframe is either n-4 or the A-CSI request DL subframe depending on the direction of subframe n-4. 
2.2.2. CSI measurement and report for TM10
For TM10, the interference measurement is based on CSI-IM resource. In current specification, the CSI-IM resource configuration is restricted to be always a subset of resource elements configured as zero power CSI-RS. This restriction makes it difficult to support two CSI measurement subframe sets since the interval between the fixed DL subframe and flexible DL subframe is not an integer multiple of 5ms. Therefore, it needs to be discussed how to solve this issue.
The straightforward solution is to remove this constraint for TDD eIMTA so that CSI-IM resources can be configured in both types of subframes. For backward compatibility and legacy UE handling, the Rel-11 restriction on CSI-IM resource configuration will still be applied to the SIB1 configured DL subframes. Given that the restriction of CSI-IM configuration is removed, multiple CSI processes in CoMP could be utilized for the subframe set specific CSI measurement. Two CSI triggering bits in UL grant can be used to indicate the CSI measurement subframe set to be reported so that the eNB can flexibly trigger CSI reporting for either of both of the two subframe set [3]. 
From practical consideration, it is preferable to support two CSI measurement subframe sets also for UE capable of one CSI process when TM10 is configured. Therefore, it was proposed in [4] to configure two CSI-IM resources in a single CSI process for interference measurement in fixed and flexible DL subframes. However, from UE complexity point of view, there is no clear difference with the two CSI processes approach. Because the extended CSI-IM configuration in one CSI process implicitly requires that UE needs to support two CSI measurements simultaneously, e.g., a trigger for another subframe set is received when measuring the CSI of one subframe set. An example is shown in Figure 2. In such case, it is not clear to UE whether the second CSI triggering is “invalid” since the CSI report for the first trigger is not finished. If not it will require UE to support two different CSI measurements simultaneously, which definitely goes beyond single CSI process capability. In addition, if two CSI-IM resources are configured for single CSI process, it needs to be discussed on how to determine the CSI measurement subframe set to be reported. Considering all of these, the benefit to allow two CSI-IM resources configured to single CSI process is not clear. Furthermore, the specification effort to define signaling/behavior for second CSI-IM in one process is clearly larger than that of defining the minimum UE capability of two CSI processes for eIMTA capable UEs. Therefore, the simple solution is to mandate that UE supporting TM10 and TDD eIMTA shall support at least two CSI processes.
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Figure 2: Example of single CSI process with two CSI-IM resources
Proposal 3: For a UE configured with TM10 and TDD eIMTA

· The constraint for CSI-IM resource configuration can be relaxed to allow CSI-IM resources to be configured in both types of subframes
· The minimum UE capability on the number of CSI processes is two. CSI reporting for two subframe sets shall be based on two CSI triggering bits.

Correspondingly, there is no need to support dynamic configuration of CSI-IM resource. The existing signaling for CSI-IM resource configuration can be reused also for TDD eIMTA. 

Proposal 4: For TDD eIMTA, the existing signaling for CSI-IM resource configuration can be reused without further dynamic configuration.
2.3. Periodic CSI measurement and reporting

Dynamic TDD reconfiguration will introduce some issues to periodic CSI (P-CSI) reporting, including:

· Loss of reporting opportunity: if a UE is configured to report P-CSI in PUCCH of a subframe which is reconfigured to DL, the CSI reporting opportunity is lost.
· Support of periodicity ≤ 5ms: for TDD periodic CSI reporting, the periodicity depends on the TDD configuration. For example, periodicity 
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There are several approaches to solve these problems.  For example, it can be eNB/UE implementation, e.g., UE will not report P-CSI when the uplink subframe is reconfigured to DL by explicit L1 signaling. Another way is to let eNB to configure the periodic CSI reporting only in the fixed UL subframes.
Proposal 5: For TDD eIMTA, periodic CSI shall be reported only in fixed UL subframes.
In addition, there are two more issues which need to be addressed for P-CSI. Firstly, there existing some collision between P-CSI reports for two subframe sets, i.e., only one report can be sent when P-CSIs of both sets are configured to report in same uplink subframe. This is similar to the collision between multiple CSI processes in Rel-11 CoMP, and similar rules on prioritization and dropping need to be discussed.
Proposal 6: Prioritization and dropping rules should be defined to handle P-CSI collision in TDD eIMTA.

Secondly, as per agreement when UE enters fallback state due to missing reconfiguration signaling, UE will measure the CSI only in the SIB1 configured DL subframes and the UE is not expected to update CSI corresponding to the flexible subframe set. In such case, for periodic CSI reporting of flexible DL subframes an outdated measurement of CQI/PMI/RI shall be reported by UE. This rule shall be applied for periodic CSI report on both PUCCH and PUSCH. 
Proposal 7: When UE does not detect L1 signaling conveying a valid UL-DL configuration for a radio frame, for periodic CSI reporting of flexible DL subframes, an outdated measurement of CQI/PMI/RI shall be reported by UE. 
3. Conclusions

In this contribution, we discussed the remaining details of CSI measurement and reporting in TDD eIMTA. In particular, we propose:
Proposal 1: Semi-static configuration of two CSI subframe sets shall be used for TDD eIMTA. The existing signaling for the restricted measurement subframe set defined for Rel-10 eICIC can be reused. 

Proposal 2: For aperiodic CSI reporting of TM 1-9, the CSI reference subframe determines the CSI measurement subframe set to be reported. The reference subframe is either n-4 or the A-CSI request DL subframe depending on the direction of subframe n-4. 
Proposal 3: For a UE configured with TM10 and TDD eIMTA

· The constraint for CSI-IM resource configuration can be relaxed to allow CSI-IM resources to be configured in both types of subframes
· The minimum UE capability on the number of CSI processes is two. CSI reporting for two subframe sets shall be based on two CSI triggering bits.

Proposal 4: For TDD eIMTA, the existing signaling for CSI-IM resource configuration can be reused without further dynamic configuration.
Proposal 5: For TDD eIMTA, periodic CSI shall be reported only in fixed UL subframes.
Proposal 6: Prioritization and dropping rules should be defined to handle P-CSI collision in TDD eIMTA.

Proposal 7: When UE does not detect L1 signaling conveying a valid UL-DL configuration for a radio frame, for periodic CSI reporting of flexible DL subframes, an outdated measurement of CQI/PMI/RI shall be reported by UE. 
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