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1 Introduction 

In RAN1#74, for the DL CSI measurement for TDD eIMTA, the following agreements were reached:

· 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
After RAN1 #74bis, an email discussion of [74bis-02] CSI measurement and report for eIMTA was kicked off to discuss the three proposed ways forward [2-4]. In this contribution we further provide our views on the signaling of subframe pattern of CSI measurement in eIMTA, and the CSI measurement and report in this contribution. 
2 Signaling of CSI measurement subframe pattern
In LTE-TDD eIMTA systems, different DL subframes in a cell may experience different levels/types of inter-cell interference, depending on the UL-DL configurations used by the serving cell and the neighboring cells. In the DL subframes that are also DL subframes in all the neighboring cells, there is only DL-to-DL (or eNB-to-UE) interference. In the DL subframes that are UL subframes in one or more of the neighboring cells, there is also UL-to-DL (or UE-to-UE) interference. It has been agreed in RAN #74 that 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. Ideally it would be desirable to divide the subframes into two sets based on the instantaneous interference condition, thus the idea of using the dynamic signaling [5] to indicate the two subframe sets. However, in practice, it would be very difficult, if feasible at all, to track the up-to-date UL-DL configuration of all the neighboring cells with dynamic reconfiguration as fast as every 10 ms. Moreover, the interference measurement is typically supposed to be averaged over a certain period of time to have any statistical meaning. Therefore, a more practical and simpler way is e.g. to divide the DL subframes into fixed subframe set and flexible subframe set based on SIB1 configuration and DL HARQ reference configuration. Here, the fixed subframe set is defined as the set of subframes that is always DL subframe and suffers only from DL-to-DL interference, while the flexible subframe set consists of the subframes in which the transmission direction can be changed due to dynamic TDD reconfiguration.. Assuming the reconfiguration candidate set is TDD Configuration 0-6, as shown in Fig. 1, the fixed DL subframe set includes SF #0, #1, #5, #6, and the flexible DL subframe set includes SF #3, #4, #7, #8, #9. Note that this subframe pattern for CSI measurement is common for all UEs in a cell. Since it depends on SIB1 and DL HARQ reference configuration, which are semi-statically configured, the CSI subframe sets should be semi-statically configured as well.
Proposal 1:  Semi-static configuration of the CSI subframe pattern is supported in TDD eIMTA.
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Fig. 1 Interference on the fixed DL subframes and flexible DL subframes
3 CSI measurement and report for two subframe sets

For the CSI measurement for the two subframe sets in eIMTA, the UE shall measure CSI in DL or S subframes indicated by explicit L1 signalling of reconfiguration. There can be two alternatives to define the CSI process(es) for the two subframe sets:

· Alt 1: there is one CSI process with two different CSI-IM resources configured.

· Alt 2: there are two separate CSI processes for the two subframe sets.
From the UE complexity point of view, there is no fundamental difference between the two alternatives because the interference measurement would need to be performed separately for each subframe set in any case. However, Alt 1 requires a new definition for CSI process, while Alt 2 can reuse the existing definition and most of the existing signaling mechanism, which would have less specification impact and less implementation complexity at the UE. Therefore we propose: 

Proposal 2: Two CSI processes are configured for two subframe subsets.  

On the aperiodic CSI report, we think it should be supported for TDD eIMTA. In terms of how the aperiodic CSI report for the two subframe sets is triggered and reported, the following alternatives were proposed [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.
Alt 1 has constraint on when the aperiodic CSI report for each subframe set can be triggered, which may limit the scheduling flexibility and introduce a longer scheduling delay. Moreover,

· Alt 1-1 tries to reuse the mechanism of CSI measurement and report of the two restricted DL subframe sets in eICIC. In eIMTA, the scheduling/HARQ timing of the PUSCH following the SIB configuration, which mean that all the UL grants are carried in the fixed DL SFs. If we simply reuse eICIC mechanism, we would not be able to trigger any report for flexible SFs. We could possibly separate the fixed DL subframes into two sets for aperiodic CSI report triggering purpose only. But it adds unnecessary complication.
· Alt 1-2 would not work for configuration 5 because there is only one UL subframe available. Moreover, when retransmissions of the aperiodic CSI reports are considered, due to the fact the PUSCH retransmission RTT is not 10ms for Configuration 0 and 6, the subframe set carrying CSI report may be changed from one UL SF set to the other UL SF set. It adds complication for the eNB to determine the corresponding set for a report.
Alt 2-1 adds an additional bit into the DCI with unclear benefit. Moreover, it would not work well with CA.

Alt 2-2 is our preferred choice because it can largely reuse the existing specifications defined in Rel-11 for TM10, especially if we have two separate CSI processes for two subframe sets. It also provides reporting flexibility with the meaning of the 3 states configured by the eNB, and the framework supports CA very well.

Alt 3 has the advantage that each report always provides complete CSI information, which is beneficial to the scheduler. However, the drawback is that it takes additional overhead (especially if eIMTA and CA are both configured), which may or may not necessary. Considering that Alt3 could correspond to one of the 3 states in Alt 2-2, supporting Alt 2-2 would be a better choice.
Proposal 3: For the aperiodic CSI report of the two subframe sets in eIMTA, Alt 2-2 is supported. That is, CSI request field in UL grant determines the CSI measurement subframe set to be reported, and higher layer signaling configures the CSI measurement subframe set to be reported for each state of the existing CSI request field (no additional bits).
4 Conclusions 
In this contribution, we have discussed the signaling of CSI subframe pattern, and the CSI measurement and report for the two CSI subframe sets. The following are proposed:
Proposal 1:  Semi-static configuration of the CSI subframe pattern is supported in TDD eIMTA.

Proposal 2: Two CSI processes are configured for two subframe subsets.  

Proposal 3: For the aperiodic CSI report of the two subframe sets in eIMTA, Alt 2-2 is supported. That is, CSI request field in UL grant determines the CSI measurement subframe set to be reported, and higher layer signaling configures the CSI measurement subframe set to be reported for each state of the existing CSI request field (no additional bits).
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