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1 Introduction
The A-CSI reference resource for transmission mode 1~9 in eIMTA, was discussed in several meeting but unfortunately no agreement can be made so far. In this contribution, we discuss this issue.
2 Discussion

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. However, for UEs with interference always measured from single subframe, i.e. the existing A-CSI reference resource, potentially additional UE implementation efforts are required for such interference pre-measurement. 
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. For various combinations of SIB-1 and dynamic UL-DL configurations in a serving cell, the possible DL subframes for which A-CSI can be reported is shown in the appendix. As summarized in table 1 [3], there are quite a few subframes for which the A-CSI cannot be reported, which means that if a CSI subframe set is a subset of these subframes, the A-CSI for the set can never be reported. The subframe marked in red in table 1 represents those are potentially configured in the 2nd subframe set. 
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 #2
	N/A
	N/A
	{0,1,4,5,6,9}
	N/A
	N/A
	{0,1,4,5,6,7,9}
	N/A

	SIB1 #3
	N/A
	N/A
	N/A
	{1,5,6,7}
	{1,4,5,6,7}
	{1,3,4,5,6,7}
	N/A

	SIB1 #4
	N/A
	N/A
	N/A
	N/A
	{0,1,4,5,6,7}
	{0,1,3,4,5,6,7}
	N/A

	SIB1 #5 
	N/A
	N/A
	N/A
	N/A
	N/A
	{0,1,3,4,5,6,7,9}
	N/A

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


In order to check the potential impact on the eIMTA operation according to the above restriction, we further made the following analysis, assuming the configuration of 2nd subframe set is determined by one strong interfering neighbor cell. Table 2 shows the reasonable configuration of 2nd subframe set according to the combination of DL reference UL-DL configuration in the serving cell and the UL-DL configuration signaled from the strong interfering neighbor cell assuming 2nd subframe set including those used as uplink in the neighbor cell.
If the subframe set in table 2 is a subset of the subframe set from table 1 for the corresponding possible configuration, it means that the A-CSI for the 2nd subframe set cannot be triggered, if approach 2 is adopted. As an example, for a cell enabled with dynamic UL-DL reconfiguration with DL reference configuration #5, when the strong interfering neighbor uses UL-DL configuration #2, then the 2nd subframe set includes subframe #7 only, as marked as blue in table 2. This corresponds to the subframe sets contains subframe #7, i.e. in SIB-1 configuration #2,#3,#4,#5. 
 Table 2 Reasonable configurations of 2nd subframe set for cells with dynamic UL-DL reconfiguration
	 DL reference configuration
 in the serving cell
	UL-DL configuration in the strong interfering neighbor cell

	
	0
	1
	2
	3
	4
	5
	6

	#2
	{3,4,8,9}
	{3,8}
	{φ}
	{3,4}
	{3}
	{φ}
	{3,4,8}

	#4
	{4,7,8,9}
	{7,8} 
	{7}
	{4}
	{φ}
	{φ} 
	{4,7,8}

	#5
	{3,4,7,8,9}
	{3,7,8}
	{7}
	{3,4}
	{3}
	{φ}
	{3,4,7,8}


Observation 1: For a cell operating with dynamic UL-DL reconfiguration, the A-CSI for the 2nd CSI subframe set cannot be triggered for the following scenarios, if approach 2 is adopted:
· DL reference configuration #4 and SIB 1 configuration #3 is used in the serving cell and the UL-DL configuration used in the neighbor cell is #2
· DL reference configuration #4 and SIB 1 configuration #0,#1, #3, #4, or #6 is used in the serving cell and the UL-DL configuration used in neighbor cell is #3
· DL reference configuration #5 and SIB 1 configuration #2, #3, #4 or #5 is used in the serving cell and the UL-DL configuration used in neighbor cell is #2

· DL reference configuration #5 and SIB1 configuration #0, #1, #3, #4 ,#5 or #6 is used in the serving cell and the UL-DL configuration used in neighbor cell is #3 or #4
According to the existing PUSCH scheduling timing, the eNB may not be able to trigger A-CSI for the 1st subframe set, for the DL heavy UL-DL configurations, i.e. #2, #4 and #5. Table 3 shows that the reasonable configuration of 1st subframe set for a serving cell using downlink heavy UL-DL configurations, according to the UL-DL configuration used in one strong interfering neighbor cell.
Similarly if the subframe set in table 3 is a subset of the subframe set from table 1 for the corresponding possible configuration, it means that the A-CSI for the subframe set cannot be triggered, if approach 2 is adopted.
Table 3 Reasonable configurations of 1st subframe set for serving cells
	SIB1 configuration
	UL-DL configuration in the strong interfering neighbor cell

	
	0
	1
	2
	3
	4
	5
	6

	#2
	Subframe set 1

	
	{0,1,5,6}
	{0,1,4,5,6,9}
	{0,1,3,4,5,6,8,9}
	{0,1,5,6,8,9}
	{0,1,4,5,6,8,9}
	{0,1,3,4,5,6,8,9}
	{0,1,5,6,9}

	#4
	Subframe set 1

	
	{0,1,5,6}
	{0,1,4,5,6,9}
	{0,1,4,5,6,8,9}
	{0,1,5,6,7,8,9}
	{0,1,4,5,6,7,8,9}
	{0,1,4,5,6,7,8,9}
	{0,1,5,6,9}

	#5
	Subframe set 1

	
	{0,1,5,6}
	{0,1,4,5,6,9}
	{0,1,3,4,5,6,8,9}
	{0,1,5,6,7,8,9}
	{0,1,4,5,6,7,8,9}
	{0,1,3,4,5,6,7,8,9}
	{0,1,5,6,9}


Observation 2: For a cell operating with SIB 1 configurations #2, #4 or #5, the A-CSI for the 1st CSI subframe set cannot be triggered for the following scenarios, if approach 2 is adopted:
· SIB 1 configuration #2 with neighbor cell UL-DL configurations #0, #1 or #6
· SIB 1 configuration #4 with neighbor cell UL-DL configurations #0

· SIB 1 configuration #5 with neighbor cell UL-DL configurations #0, #1 or #6

According to the above analysis, in quite some reasonable scenarios, the approach 2 cannot support A-CSI triggering for one of the subframe set (either set 1 or set 2, not both). Therefore it is proposed to adopt approach 1 for determining the A-CSI reference resource. 
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. 

3 Conclusions
In this contribution, we discuss the A-CSI reference resource for TM1~9 in eIMTA, with the following observations and proposal:
Observation 1: For a cell operating with dynamic UL-DL reconfiguration, the A-CSI for the 2nd CSI subframe set cannot be triggered for the following scenarios, if approach 2 is adopted:

· DL reference configuration #4 and SIB 1 configuration #3 is used in the serving cell and the UL-DL configuration used in the neighbor cell is #2

· DL reference configuration #4 and SIB 1 configuration #0,#1, #3, #4, or #6 is used in the serving cell and the UL-DL configuration used in neighbor cell is #3

· DL reference configuration #5 and SIB 1 configuration #2, #3, #4 or #5 is used in the serving cell and the UL-DL configuration used in neighbor cell is #2

· DL reference configuration #5 and SIB1 configuration #0, #1, #3, #4 ,#5 or #6 is used in the serving cell and the UL-DL configuration used in neighbor cell is #3 or #4
Observation 2: For a cell operating with SIB 1 configurations #2, #4 or #5, the A-CSI for the 1st CSI subframe set cannot be triggered for the following scenarios, if approach 2 is adopted:

· SIB 1 configuration #2 with neighbor cell UL-DL configurations #0, #1 or #6

· SIB 1 configuration #4 with neighbor cell UL-DL configurations #0

· SIB 1 configuration #5 with neighbor cell UL-DL configurations #0, #1 or #6
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. 
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