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1 Introduction

In last RAN1 meeting, following agreements were achieved on aperiodic CSI measurement and report for eIMTA[1]:
· For CSI measurements for transmission modes 1-9 for both non-CA and CA cases:

· The two agreements on CSI measurement “only within DL/S SFs indicated by the L1 signaling if a valid one is detected” and “only within DL/S SFs indicated by SIB1 if a valid one is not detected” will be captured in the specification.
· For CSI measurements for all transmission modes for both non-CA and CA cases:

· The subframe sets for CSI measurements can be configured per CC, and if so, they are semi-statically configured per CC.
· For aperiodic CSI reporting in transmission mode 1~9 for a single serving cell, only CSI for one subframe set is reported in any subframe.
However, for aperiodic CSI reporting in TM1-9, several issues are left to be discussed in email discussion [76-02], including choosing one solution for aperiodic CSI reporting shown in R1-141020, and whether it is necessary to prohibit the CSI reference resource locating before A-CSI triggering subframe. In this contribution, our considerations on these issues will be represented.
2 Aperiodic CSI reporting for both subframe sets
In R1-141020, several alternatives are shown,
· Alt 1: The CSI is reported for the subframe set associated with the PDCCH subframe, where the association of the PDCCH subframe and the subframe set is RRC configured separately, where the RRC configuration covers at least 2 frames

· Alt 1’: The CSI is reported for the subframe set associated with the PDCCH subframe, where the association of the PDCCH subframe and the subframe set is predefined by spec, i.e.,

· For configuration #5, even frame for set 1 and odd frames for set 2

· For all other TDD configurations, even subframe is associated with set 1 and an odd subframe is associated with set 2

· Alt 2: The CSI is reported for the subframe set associated with the CSI reporting subframe, where the association of the CSI reporting subframe and the subframe set is RRC configured separately, where the RRC configuration covers at least 2 frames

· Alt 2’: The CSI is reported for the subframe set associated with the CSI reporting subframe, where the association of the PDCCH subframe and the subframe set is predefined by spec, i.e.,

· For configuration #5, even frame for set 1 and odd frames for set 2

· For all other TDD configurations, even subframe is associated with set 1 and an odd subframe is associated with set 2

· Alt 3: The CSI reported in subframe n is reported for the subframe set based on the subframe associated with the latest DL subframe between subframe n-4 and the PDCCH subframe

· Further details to be provided how it works

· Alt 4: The CSI reported for a subframe set in subframe n is based on a dynamic indication.
Among these alternatives, Alt 3 seems like a constraint on CSI reference resource in time domain, and relative discussion is moved to the next section. Alt 4 has the most flexibility on selecting either subframe set to be triggered, but additional bit should be needed. The advantage of Alt 4 is allowing more frequent aperiodic CSI report, e.g. per 10ms when UL-DL configuration #5 is used, however it is hard to justify significant benefit can be achieved, considering that CSI updating per 20ms can also be supported by other alternatives. With regard to Alt 1’ and Alt 2’, they are special cases of Alt 1 and Alt 2 respectively. Considering the implementation flexibility, it is natural to allow network to configure the association between a subframe and each CSI measurement subframe set, so Alt 1 or Alt 2 seems more appropriate for aperiodic CSI reporting.

Comparing Alt 1 and Alt 2, they are nearly equivalent because there is one-to-one mapping between the triggering subframe and the A-CSI reporting subframe for most cases except when UL-DL configuration #0 is indicated by SIB-1. Therefore, it can be said that both Alt1 and Alt2 are mostly compliant with the eICIC principle that the location of triggering subframe determines the CSI subframe set should be reported. For SIB-1 using UL-DL configuration #0, there is no one-to-one mapping between the triggering subframe and the reporting subframe, i.e. one DL subframe can schedule two UL subframes and one UL subframe can be scheduled by two DL subframes. For Alt1, one UL subframes can be scheduled by two DL subframes means that the A-CSI of either subframe set can be triggered dynamically on a UL subframe when two relative DL subframes are configured to correspond to two CSI subframe set respectively. However it seems like the advantage provided by Alt 4, whose benefit is still not very clear. For Alt 2, one DL subframe can schedule two UL subframes mean that it can support an additional behavior than Alt 1, i.e. aperiodic CSIs of both CSI subframe sets can be triggered by single grant but transmitted in separate subframes, as shown in Fig.1, where UL-DL configuration #2 is indicated by eIMTA-DCI. It is obvious that the additional behavior 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

Based on above analysis, better tradeoff between triggering/reporting flexibility and specification impacts can be achieved by Alt 2, with an additional specification modification as,
· For the case of an UL grant triggering aperiodic CSI reporting with UL index [1, 1],
· If both scheduled UL subframes correspond to the same CSI subframe set, the A-CSI should be transmitted on the first UL subframe only;

· If both scheduled UL subframes correspond to different CSI subframe sets, A-CSIs of both CSI subframe sets should be transmitted on their relative UL subframe respectively.
· Proposal 1: Alt 2 is suggested for aperiodic CSI reporting.

· Proposal 2: If Alt 2 is accepted, additional specification modification is suggested for the case of an UL grant triggering aperiodic CSI reporting with UL index [1, 1]:
· If both scheduled UL subframes correspond to the same CSI subframe set, the A-CSI should be transmitted on the first UL subframe only;

· If both scheduled UL subframes correspond to different CSI subframe sets, A-CSIs of both CSI subframe sets should be transmitted on their relative UL subframe respectively.

3 Discussion on the time limitation on CSI reference resource
In email discussion [76-02], the time limitation on CSI reference resource i.e. the CSI reference resource should not be earlier than the PDCCH subframe, has been discussed intensely. Companies supporting such limitation consider that increased UE complexity and buffering requirement can be avoided, and typical eIMTA application with SIB-1 configuration #0/1/6 can be supported well, which has been justified in R1-141020. We found that there is a default assumption behind R1-141020, i.e. DL subframes indicated by SIB-1 are configured to be CSI subframe set 0 while other DL subframes are configured to be CSI subframe set 1. However, it should be noted that, in fact the CSI subframe set configuration of a cell is highly relative with the interference condition caused by neighbor cells but not the SIB-1 or dynamic configurations used by the cell itself. Therefore, even for the case of SIB-1 configuration #0/1/6, available CSI reference resource may also not exist between the triggering subframe and subframe n-4, while A-CSI is transmitted on subframe n.
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Fig.2
Timeline for aperiodic CSI trigging and reporting
Fig.2 shows an example that SIB-1 configuration #0 and dynamic configuration #5 are used for a cell enabled with eIMTA, while its neighbor cell does not support eIMTA and uses SIB-1 configuration #3. In this case, for the cell enabled with eIMTA, CSI subframe set 1 should comprise subframe #3/4 as corresponding subframe is UL in neighbor cell, while other possible subframes except #2 can be configured as CSI subframe set 0. When the network needs A-CSI report for set1, it will transmit a triggering indication on subframe #6 and UE will feedback the A-CSI report on subframe #2 of next radio frame. Obviously, no available CSI reference resource can be found among subframe #6/7/8 and subframe #4 will be chosen as the CSI reference resource according to current specification, that is to say, the time limitation on CSI reference resource will cause a problem that the aperiodic CSI of CSI subframe set 1 can not be triggered. Therefore, in order to support aperiodic CSI report for both CSI subframe sets for eIMTA, CSI reference resource should be allowed earlier than the triggering subframe.
· Proposal 3: For a UE configured in TM1-9 and TDD eIMTA, the CSI reference resource for aperiodic CSI report on an uplink subframe n is such that 

· the reference resource is in a valid DL subframe no later than subframe n-4

4 Conclusions
In this contribution, aperiodic CSI in TM 1-9 for eIMTA has been discussed and following proposals are presented as,

· Proposal 1: Alt 2 is suggested for aperiodic CSI reporting.

· Proposal 2: If Alt 2 is accepted, additional specification modification is suggested for the case of an UL grant triggering aperiodic CSI reporting with UL index [1, 1]:
· If both scheduled UL subframes correspond to the same CSI subframe set, the A-CSI should be transmitted on the first UL subframe only;

· If both scheduled UL subframes correspond to different CSI subframe sets, A-CSIs of both CSI subframe sets should be transmitted on their relative UL subframe respectively.

· Proposal 3: For a UE configured in TM1-9 and TDD eIMTA, the CSI reference resource for aperiodic CSI report on an uplink subframe n is such that 

· the reference resource is in a valid DL subframe no later than subframe n-4
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