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1. Introduction

In the RAN1#74, the following agreements were made for DL CSI measurement/reporting [1].

	Proposal:

· In DL, 
· For all TMs, up to two sets of subframes can be UE-specifically signaled for a CSI process  per serving cell 
· For TM10, interference measurement resources of a CSI process can be configured in subframes that are not configured as DL subframes by SIB1, in addition to SIB1-configured DL subframes 

· FFS on
· whether the subframe set pattern is common for CSI processes in a serving cell
· whether the subframe set pattern is reconfigured in semi-static or dynamic manner.
· CSI of which subframe set(s) is reported in aperiodic CSI
Agreement: 

· 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


Moreover, the CSI measurement/reporting scheme is raised by [2] as a remaining topic for eIMTA、 and three WFs [2]-[4] were discussed in e-mail discussion [74bis-02]. In this contribution, we share our views on CSI reporting for finalization of CSI measurement and reporting for eIMTA.
2. Discussion
2.1. Enhancement of CSI reporting
2.1.1. Periodic CSI reporting
For CSI reporting of each subframe set, periodic CSI reporting and aperiodic CSI reporting should be considered.

Regarding periodic CSI reporting for two subframe sets, by reusing the mechanisms defined for eICIC/FeICIC, the periodicity and NOFFSET for each subframe set can be set independently. In the current specification (TS36.213, section 7.2.2), the following is captured for the periodicity.

	For TDD periodic CQI/PMI reporting, the following periodicity values apply for a serving cell c depending on the TDD UL/DL configuration of the primary cell [3]:
· The reporting period of 
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 is applicable for the serving cell c only if TDD UL/DL configuration of the primary cell belongs to {0, 1, 3, 4, 6}, and where all UL subframes of the primary cell in a radio frame are used for CQI/PMI reporting.

· The reporting period of 
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 is applicable for the serving cell c only if TDD UL/DL configuration of the primary cell belongs to {0, 1, 2, 6}.

· The reporting periods of 
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 are applicable for the serving cell c for any TDD UL/DL configuration of the primary cell.


In our understanding, to simply apply this to eIMTA, it is sufficient that “TDD UL/DL configuration” is changed to “DL HARQ reference configuration”, for example.
Proposal 1:
· Periodic CSI reporting should be supported by reusing mechanisms similar to eICIC/FeICIC.
· Periodicity for each subframe set is separately configured. 
· Periodicity should be restricted by DL HARQ reference configuration.
2.1.2. Aperiodic CSI reporting
Three main alternatives can be considered for aperiodic CSI reporting as in [5]:

· 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.

With Alt. 1, either DL subframe for UL grant or UL subframe for PUSCH is associated with one of the two subframe sets, and aperiodic CSI is triggered according to it. However, this mechanism potentially restricts the scheduling flexibility. For example in Alt.1-1 case, UL scheduling timing is determined by SIB1 configuration (UL reference configuration), which is assumed to have an UL heavy configuration. Therefore, the eNB scheduler may have limited candidates of DL subframes for the transmission of UL grant, and this potentially limits the scheduling flexibility.
In another example, for the Alt.1-2 case, if actual TDD configuration indicated by explicit L1 signaling is DL heavy, then available UL subframes are very limited. For instance, if only one UL subframe is available as in TDD configuration #5, aperiodic CSI can be transmitted in only one subframe in a radio frame. We think accurate CSI knowledge for both subframe sets is necessary, especially if DL traffic load is high. However, triggering both aperiodic CSI report may be difficult in a DL heavy case if Alt.1-2 is applied. 
Observation 1:
· At least Alt. 1-1 and Alt. 1-2 should not be introduced

On the other hand, with Alt. 2, the eNB triggers CSI reporting for each subframe set with DCI indication. As for Alt. 2-1, since a new additional bit is introduced, full flexibility can be achieved for one or both CSI triggers for each subframe set(s). Regarding Alt. 2-2, a higher layer configured subframe set(s) is included for each value of the CSI request field. For these schemes, scheduling flexibility can be kept.

In this case, we should consider the flexibility from an operation point of view. If each eNB can trigger the CSI(s) reporting for the required subframe set(s) in Alt. 2-2, this is preferable since there is no impact on the DCI. In our view, it is sufficient to introduce the adequate higher-layer configured subframe set(s) for each subframe set because the maximum number of CSI measurement set is two.
Observation 2:
· It is unclear that a new additional bit is needed in DCI.

Regarding the Alt. 3, this is the simplest solution, and eNB can collect all CSIs for both subframe set. However, in this case, we have a concern about the UE complexity since a UE should always calculate CSIs for both subframe sets. If CSI for only one subframe is needed, the UE should anyway calculate the CSI for the other subframe set, with the result of an increased UE complexity.

Observation 3:
· Alt. 3 causes unnecessary UE complexity.

Therefore, we prefer Alt. 2-2. Next we show one example of solutions in Alt. 2-2. As an example for Alt.2-2, we show this concept aligning each value with Table 7.2.1-1A in [6].

For single CSI process (Support for eIMTA and CA)
· Codepoint ‘00’
· No aperiodic CSI reporting is triggered

· Codepoint ‘01’
· Aperiodic CSI reporting is triggered for a subframe set(s) configured by higher layers in serving cell c.

· Codepoint ‘10’, ‘11’
· Aperiodic CSI reporting is triggered for higher-layer configured subframe set(s) and higher-layer configured serving cells.

For multiple CSI processes (Support for eIMTA and CoMP)
· Codepoint ‘00’
· No aperiodic CSI reporting is triggered.
· Codepoint ‘01’
· Aperiodic CSI reporting is triggered for a CSI process(es) and a set of subframe set(s) configured by higher layers for serving cell c.

· Codepoint ‘10’, ‘11’
· Aperiodic CSI reporting is triggered for a CSI process(es) and a set of subframe set(s) configured by higher-layers.

Based on the above analysis, we think that the indication of the subframe set(s) for which CSI is reported should be configured by a higher layer through the CSI request field. Therefore, we propose
Proposal 2:
· The CSI request field in the UL grant determines the CSI measurement subframe set to be reported.
· Higher layer signaling configures the CSI measurement subframe set to be reported for each state of the existing CSI request field (no additional bits).
2.2. CSI-IM enhancement
In TM10, CSI-IM can be used for interference estimation. In the current specification, a CSI-IM resource is configured as a ZP CSI-RS, and its periodicity is 5 msec at shortest. Due to this limitation, CSI-IM cannot be used in flexible DL subframes. Therefore, the ZP CSI-RS configuration restriction should be removed in CSI-IM configuration to support interference power estimation in flexible DL subframes. In addition, as each of the two subframe sets has a different transmission pattern, CSI-IM must be also configured separately for each subframe set.
Proposal 3:
· The ZP CSI-RS restriction in CSI-IM configuration should be removed.
· A UE is allowed to be configured with two CSI-IM resource configurations for a single CSI process.
· One is for the first set and the other is for the other set.
When interference estimation is performed in flexible DL subframes, these subframes can actually be UL subframes as indicated by explicit L1 reconfiguration signalling in a given radio frame. In this case, a UE should not estimate the interference level of subframes indicated as UL by explicit L1 signalling, since the interference estimation results would include intra-cell interference, and this results in an inappropriate link adaptation. Therefore, we propose:
Proposal 4:
· Interference estimation is performed only in a subframe indicated as DL by SIB1 and/or explicit L1 signalling
3. Conclusion
In this contribution, we propose
Proposal 1:
· Periodic CSI reporting should be supported by reusing mechanisms similar to eICIC/FeICIC.
· Periodicity for each subframe set is separately configured. 
· Periodicity should be restricted by DL HARQ reference configuration.
Proposal 2:
· The CSI request field in the UL grant determines the CSI measurement subframe set to be reported. 

· Higher layer signaling configures the CSI measurement subframe set to be reported for each state of the existing CSI request field (no additional bits).
Proposal 3:
· The ZP CSI-RS restriction in CSI-IM configuration should be removed.
· A UE is allowed to be configured with two CSI-IM resource configurations for a single CSI process.
· One is for the first set and the other is for the other set.
Proposal 4:
· Interference estimation is performed only in a subframe indicated as DL by SIB1 and/or explicit L1 signalling.
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