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Discussion and decision
1 Introduction

In RAN1#75 meeting, agreements were achieved about CSI measurement and report for eIMTA [1].
· When a UE decodes explicit L1 signalling 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 signalling of reconfiguration

· If UE does not detect L1 signalling 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 will discuss remaining issues on aperiodic CSI feedback for eIMTA, including the configuration of aperiodic CSI for two measurement subframe sets, and relative triggering and reporting mechanisms.
2 Aperiodic CSI feedback mechanism for eIMTA
In Rel-10, two measurement subframe sets have been defined to support eICIC, which are applicable for both periodic and aperiodic CSI feedback. For periodic CSI feedback, separate reporting subframe configurations are provided to each measurement subframe set, so that each reporting subframe can be linked to only one set clearly. However, for aperiodic CSI feedback, the associated measurement subframe set of each reporting subframe is determined by the subframe that corresponding UL grant locates in.

With regard to eIMTA, it has been agreed to define two measurement subframe sets to perform separate CSI measurement and report for different interference condition, and aperiodic CSI should be supported for both measurement subframe sets. Typically, one set is formed with fixed DL subframes, while the other set is formed with flexible subframes. However, because the UL-DL configuration signalled in SIB-1 is used as UL reference configuration for UEs enabled with eIMTA, it can be found that uplink grant may be always transmitted in the set of fixed DL subframes, which means that there is no possibility to trigger aperiodic CSI feedback for the other set of flexible DL subframes, based on current mechanism.
In order to support aperiodic CSI feedback for both measurement subframe sets related to eIMTA, it should be investigated how to determine the association between the grant triggering aperiodic CSI feedback and measurement subframe set(s). Before detailed discussion, it should be noted that there is some differences on the requirement of aperiodic CSI feedback between eIMTA and eICIC. In eICIC, not all measurement subframe sets are required to report CSI frequently in practice for a given UE, and the target measurement subframe set is often determined by actual experienced interference condition, e.g. for UE located in cell range expansion area, the CSI of the measurement subframe set aligned with ABS set is needed with higher frequency to assist network to perform data scheduling. Therefore, it is appropriate to trigger and report the CSI of each measurement subframe set in a separate way. However, for UE enabled with eIMTA, data transmission is not restricted and can be allocated in either measurement subframe set. The priority of the CSI related to each measurement subframe set will vary dynamically, which may depend on data volumes of legacy UE and eIMTA-UE to be scheduled in a particular period. So that, it seems beneficial to support simultaneous triggering and/or reporting for both measurement subframe sets, in addition to separate triggering and reporting mechanism.

· Proposal  1:
For UE enabled with eIMTA, aperiodic CSIs of two measurement subframe sets can be triggered by single or separate UL grants.
· Proposal  2:
For UE enabled with eIMTA, aperiodic CSIs of two measurement subframe sets can be transmitted in same or different UL subframes.
In last meeting, several alternatives shown in R1-135054 were discussed, i.e.
· 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 these alternatives, Alt 1 reuses legacy principle as much as possible with less specification impacts. The main difference between Alt 1-1 and Alt 1-2 is whether triggering subframe or reporting subframe is used to determine the measurement subframe set. Whereas after detailed analysis, it can be found that Alt 1-1 and Alt 1-2 are completely equivalent in case of UL-DL configuration #1-6 are used as UL reference configuration. But when UL-DL configuration #0 is used as UL reference configuration, Alt 1-2 can support an additional behavior than Alt 1-1, i.e. aperiodic CSIs of both measurement subframe sets can be triggered by single grant but transmitted in separate subframes, as shown in Fig.1, which can save DCI overhead and balance UCIs to be transmitted on two consecutive UL subframes.
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Fig.1
The case of separate aperiodic CSI report triggered by single grant

Employing dynamic signaling, Alt 2 has the most flexibility on measurement subframe set selection in each reporting instance which is valuable for dynamic data scheduling. But in Alt 2-1, additional signaling bits are required in DCI, where 1 bit is need to perform measurement subframe set selection and furthermore 2 bits are needed if simultaneous and separate CSI triggering of both measurement subframe sets are supported. In Alt 2-2, the meaning of each status of CSI request field is extended, and no additional bits are required. When 1-bit CSI request field is used, the target measurement subframe set cannot be selected in a dynamical way but only can be semi-statically configured by higher-layer signaling. When 2-bit CSI request field is used, there is no problem with measurement subframe set selection under proper configuration, but it may bring some restrictions on CA or CoMP employment, because CC sets or CSI process sets related to CSI request field are just defined for CA or CoMP.
Forcing to report CSIs of both measurement subframe sets, Alt 3 is the simplest solution, but it can be carried out though Alt 1 and Alt 2 with appropriate configuration. In addition, the flexibility on measurement subframe set selection cannot be expected with Alt 3, which will result in unnecessary CSI overhead when network requires the CSI of only one measurement subframe set in a particular period.

Based on above analysis, better tradeoff between triggering/reporting flexibility and specification impacts can be achieved by Alt 1-2. However, too support aperiodic CSI triggering and reporting with maximum flexibility, further modifications are suggested for Alt 1-2 as,
· Alt 1-2a: Each UL subframe in which aperiodic CSI is reported can be associated with one or both CSI measurement subframe sets.
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Fig.2
Aperiodic CSI reporting configurations
(assuming that UL-reference configuration is UL-DL configuration #0)
In order to support Alt1-2a, for each measurement subframe set, a relative A-CSI reporting set that comprises a set of UL subframes is defined and configured by higher-layer signaling separately, which can be performed in the form of a bitmap. Fig.2 shows two cases of A-CSI reporting set configurations under UL-DL configuration #0 is used as the UL-reference configuration, where for each A-CSI reporting set, CSIs of its relative measurement subframe set can be transmitted on UL subframes whose corresponding bit is set to be 1. The left case shows an application of Alt1-2, where UL subframes are associated with each measurement subframe set alternately, i.e. aperiodic CSIs of two measurement subframe sets can be reported in different UL subframes. While the right case shows an application of Alt 3, where all UL subframes are associated with both measurement subframe sets, i.e. aperiodic CSIs of two measurement subframe sets can be reported in single UL subframe simultaneously.
· Proposal 3: To support flexible aperiodic CSI triggering and reporting, the following is suggested
· Alt 1-2a: Each UL subframe in which aperiodic CSI is reported can be associated with one or both CSI measurement subframe sets.
· For each measurement subframe set, a relative A-CSI reporting set that comprises a set of UL subframes can be configured by higher-layer signalling separately, which can be performed in the form of a bitmap.
3 Conclusions
In this contribution, aperiodic CSI feedback mechanism for two measurement subframe sets has been discussed for eIMTA and following proposals are presented as,

· Proposal  1:
For UE enabled with eIMTA, aperiodic CSIs of two measurement subframe sets can be triggered by single or separate UL grants.
· Proposal  2:
For UE enabled with eIMTA, aperiodic CSIs of two measurement subframe sets can be transmitted in same or different UL subframes.
· Proposal 3: To support flexible aperiodic CSI triggering and reporting, the following is suggested
· Alt 1-2a: Each UL subframe in which aperiodic CSI is reported can be associated with one or both CSI measurement subframe sets.
· For each measurement subframe set, a relative A-CSI reporting set that comprises a set of UL subframes can be configured by higher-layer signalling separately, which can be performed in the form of a bitmap.
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