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1 Introduction
The remaining issues on aperiodic CSI feedback for transmission mode 1~9 were discussed by email after RAN1#76, which was summarized in [1]. However, the discussion points were quite controversial and no conclusions were made. In this contribution, we discuss these remaining open issues.
2 Discussion

2.1 CSI reference resource for aperiodic CSI triggering in TM1~9
There were two alternatives for the definition of CSI reference resource for aperiodic CSI triggering in TM1~9, as the following:
· Approach 1: The CSI reference resource is the valid DL subframe in the latest subframe no later than subframe n – 4 and corresponding to the triggered CSI subframe set, where the aperiodic CSI is reported in subframe n

· Approach 2: The CSI reference resource is the valid DL subframe in the latest subframe no later than subframe n-4 and no earlier than the subframe containing the aperiodic CSI trigger, and corresponding to the triggered CSI subframe set, where the aperiodic CSI is reported in subframe n [2]
The 1st approach is beneficial in the terms of flexibility since depending on the eNB scheduling, any of the downlink subframe no later than the subframe n-4 can be used as CSI reference resource. Approach 1 requires the UE to measure the subframes before the aperiodic CSI triggering and the complexity of doing so was concerned by some companies. However, assuming interference averaging across subframes is implemented, the UE is already capable of using CRS in the subframes before the aperiodic CSI triggering for interference measurement. In addition, in TM9, the UE should also be able to measure and buffer the channel estimation on CSI-RS before the subframe for aperiodic CSI triggering. Therefore this is not a new requirement and the complexity is not a big issue.
The 2nd approach puts the restriction that CSI reference resource shall not be earlier than the aperiodic CSI triggering subframe, in order to reduce the potential UE complexity. The restriction caused by this approach must be studied first. For various combinations of SIB-1 and dynamic UL-DL configurations, the possible DL subframes for which A-CSI can be reported is shown in the appendix. As summarized in table 1, there are quite a few subframes for which the A-CSI cannot be reported, which means that if a CSI subframe set contains these subframes only, the A-CSI for the set can never be reported. Since the 1st CSI subframe set shall includes at least subframes {0,1,5,6}, there should not be a problem for this subframe set as long as aperiodic CSI can be reported for at least one of the subframes {0,1,5,6} since the interference condition is similar on all these fixed subframes. However, the interference condition could vary between the flexible subframes. Hence it is desirable if each flexible subframe can be potential reference resource, which would provide per subframe CSI if UE measures interference per subframe. 
Table 1 Subframes for which the A-CSI cannot be reported

	 
	Dynamic UL-DL configuration

	
	0
	1
	2
	3
	4
	5
	6

	SIB1 #0
	None
	None
	{4,9}
	{1}
	{0,1,4}
	{0,1,3,4,9}
	None

	SIB1 #1
	N/A
	{0,5} 
	{0,4,5,9} 
	N/A
	{0,1,4,5}
	{0,1,3,4,5,9} 
	N/A

	SIB1 #6
	N/A
	None
	{4,9}
	{1}
	{0,1,4} 
	{0,1,3,4,9}
	None


In addition, according to the UL scheduling timing as defined in Table 8-2 of TS36.213, only A-CSI for subframes {3,8,9} can be reported and subframes {0,1,5,6} can never been reported in SIB-1 UL-DL configuration {#2,#4,,#5}. This is problematic if semi-static traffic adaptation based on SIB-1 approach is applied. We should note that semi-static traffic adaptation based on SIB-1 is beneficial for system performance when the traffic condition is relatively static in during a long time and does not sacrifice the legacy UEs throughput. Also it does not mandating the unnecessary PDCCH monitoring for the dynamic L1 UL-DL reconfiguration signaling for eIMTA UEs. Therefore when small cell A uses SIB-1 configuration #2,#4 or#5 and the neighbor small cell B uses configuration #0 due to their respective traffic demands, the CSI for subframes {0,1,5,6} shall be measured in cell A separately from other downlink subframes due to the different transmission directions used in neighbor cell B but this is not possible with the above approach 2. 
Table 8-2 k for TDD configurations 0-6 [TS36.213]
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Given the above discussions on the complexity and flexibility aspects, we propose to adopt approach 1 as the CSI reference resource for A-CSI in eIMTA.
Proposal 1: The CSI reference resource is the valid DL subframe in the latest subframe no later than subframe n – 4 and corresponding to the triggered CSI subframe set, where the aperiodic CSI is reported in subframe n.
2.2 Aperiodic CSI triggering for UEs configured with a single serving cell in TM1~9
As summarized in [1], there are following candidates for A-CSI triggering with a single serving cell in TM1~9.
· Alt1: 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 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 4: The CSI reported for a subframe set in subframe n is based on a dynamic indication
· One additional bit is included in the DCI format as aperiodic CSI triggering

	Value of CSI request field
	Description

	‘00’
	No aperiodic CSI report is triggered

	‘01’
	Aperiodic CSI report is triggered for the 1st CSI subframe set

	‘10’
	Aperiodic CSI report is triggered for the 2nd CSI subframe set

	‘11’
	Reserved


Obviously alternative 4 has better flexibility than the others. It is well know that interference fluctuation is significantly higher for the 2nd subframe set (i.e. flexible subframes) than the 1st subframe set (i.e. fixed subframes) in eIMTA so that the A-CSI for the 2nd subframe set should be desired more frequently than the 1st subframe set. This is fundamentally different from the principles for CSI feedback scheme designed for Rel-10/11 eICIC, in which only the interference levels are different but the fluctuation could be similar for the two subframe sets. Therefore there is no reason to reuse the Rel-10/11 eICIC principles and sacrifice the flexibility. In addition, for both alternative 1 and 2, when DL heaviest configuration #5 is used, the eNB can only trigger A-CSI for the 2nd subframe set per 20ms, which does not match the interference fluctuation when the 10ms UL-DL reconfiguration is used in the neighbor cell. 
Only one additional DCI bit is required by alt 4 but this should not be a concern for both overhead and coverage perspective since the target application scenario of eIMTA is the small cell with low to medium traffic load. The complexity for alt 4 is comparable to other alternatives since only one CSI is contained in each report. 
Proposal 2: For UEs configured with a single serving cell in TM1~9, in each A-CSI triggering, the subframe set that should be reported is indicated by two CSI triggering bits in UL DCI format as defined in the following table.
	Value of CSI request field
	Description

	‘00’
	No aperiodic CSI report is triggered

	‘01’
	Aperiodic CSI report is triggered for the 1st CSI subframe set

	‘10’
	Aperiodic CSI report is triggered for the 2nd CSI subframe set

	‘11’
	Reserved


2.3 Aperiodic CSI triggering for UEs configured with more than one serving cell in TM1~9
For the same reason as in single serving cell case, it is proposed that the subframe set that should be reported is also indicated by dynamic CSI triggering bits in UL DCI format. Two approaches as summarized in [1] can be considered to support such dynamic signaling. The 1st one is reusing the existing TM10 A-CSI triggering mechanism for CA + CoMP, i.e. two DCI bits are used to dynamically indicate the group of A-CSI that should be reported. The only difference from TM10 is that CSI process is replaced by CSI subframe set. Higher layer signaling is used to configure the CSI subframe set(s) across the configured serving cells that are included in each CSI group. The following table can be used to specify such dynamic signaling approach. State “01” is used to trigger CSI for the serving cell with higher layer configuring the subframe sets that is associated, i.e. 1st or 2nd subframe set, or both sets. States “10” and “11” are used to trigger a group of CSI for subframe sets on multiple serving cells, i.e. higher layer configures such that any subframe set in any aggregated serving cell can be triggered with the limitation of maximum number of CSIs per CSI trigger according to the number of configured serving cells. As an example when two serving cells are aggregated for the UE, at maximum two A-CSI can be reported in a subframe. 
	Value of CSI request field
	Description

	‘00’
	No aperiodic CSI report is triggered

	‘01’
	Aperiodic CSI report is triggered for a group of CSI subframe set(s) configured by higher layers for serving cell 

	‘10’
	Aperiodic CSI report is triggered for a 1st group of CSI subframe set(s) configured by higher layers

	‘11’
	Aperiodic CSI report is triggered for a 2nd group of CSI subframe set(s) configured by higher layers


As another option, one additional bit can be included in the UL DCI format to indicate the subframe set that should be reported. The existing two bits to indicate the serving cell index are not impacted so that the flexibility is not sacrificed. Since the target application scenario is small cell with low to medium traffic load, one additional DCI bit is acceptable. 
In both of the above options, the 2 or 3 CSI triggering bits is only applicable for (E)PDCCH USS. If A-CSI is triggered by UL grants transmitted in PDCCH CSS, the A-CSI for subframe set in which the UL grant is transmitted is reported. 
The 1st option supports reporting of A-CSI of both subframe sets in an UL subframe but may require more RAN2 impacts. The 2nd option has less specification impacts although it does not  support the A-CSI reporting for both subframe sets in one subframe. As a tradeoff of flexibility and specification impacts, the 2nd option can be adopted. 
Proposal 3: Dynamic signaling bits in UL DCI format shall be used to indicate the subframe set that should be reported for UEs configured with more than one serving cells in TM1~9. One additional bit in UL grant transmitted in (E)PDCCH USS is included in the DCI format to indicate which subframe set is triggered, and the existing two bits are used as in Rel-10/11.
3 Conclusions
In this contribution, we discuss the remaining details on aperiodic CSI feedback for transmission mode 1~9 in TDD eIMTA. From the discussions, we have the following proposals.  
Proposal 1: The CSI reference resource is the valid DL subframe in the latest subframe no later than subframe n – 4 and corresponding to the triggered CSI subframe set, where the aperiodic CSI is reported in subframe n.

Proposal 2: For UEs configured with a single serving cell in TM1~9, in each A-CSI triggering, the subframe set that should be reported is indicated by two CSI triggering bits in UL DCI format as defined in the following table.

	Value of CSI request field
	Description

	‘00’
	No aperiodic CSI report is triggered

	‘01’
	Aperiodic CSI report is triggered for the 1st CSI subframe set

	‘10’
	Aperiodic CSI report is triggered for the 2nd CSI subframe set

	‘11’
	Reserved


Proposal 3: Dynamic signaling bits in UL DCI format shall be used to indicate the subframe set that should be reported for UEs configured with more than one serving cells in TM1~9. One additional bit in UL grant transmitted in (E)PDCCH USS is included in the DCI format to indicate which subframe set is triggered, and the existing two bits are used as in Rel-10/11.
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5 Appendix

Analysis on the possible DL subframes that can be utilized as CSI reference resource in the combinations of SIB-1 configuration {0,1,6} and dynamic UL-DL configurations according to the proposal in [2] are shown in the following figures. In the figures, subframes marked in green color represent the DL subframes for which the A-CSI can be reported.
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