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1 Introduction
Rel-13 CA WI aims to support aggregating up to 32 serving cells in the DL. The following working assumption was made in RAN1 #81 on the support of aperiodic CSI triggering when aggregating up to 32 DL carriers:

· To improve the flexibility of aperiodic CSI triggering in Rel-13 CA, at least it is supported to increase the number of aperiodic CSI sets compared to Rel-12 CA

· This does not imply that increased number of CSI request bits is necessary

· If the UE is configured with PUCCH on Scell, the above enhancement can be applied per PUCCH CG. 

· Further details is FFS

In this contribution, we discuss the alternatives for flexible aperiodic CSI triggering for Rel-13 eCA.
2 Alternatives for aperiodic CSI triggering
In Rel-12, a maximum of two A-CSI triggering bits can be present in UL grant transmitted in UE specific search space, e.g. as shown in Table 1 (from TS36.213 Table 7.2.1-1A).
Table 1: CSI Request field for (E)PDCCH with uplink DCI format in UE specific search space, 2 triggering bits
	Value of CSI request field
	Description

	'00'
	 No aperiodic CSI report is triggered

	'01'
	 Aperiodic CSI report is triggered for serving cell 
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	'10'
	 Aperiodic CSI report is triggered for a 1st set of serving cells configured by higher layers

	'11'
	 Aperiodic CSI report is triggered for a 2nd set of serving cells configured by higher layers


With the above table, high layers can configure two sets of serving cells for which A-CSI shall be reported. With Rel-13 eCA when up to 32 DL serving cells can be aggregated, two sets of higher layer configured serving cells for A-CSI reporting is not flexible. If the two sets of serving cells shall evenly cover the 32 DL serving cells, each set of serving cell shall contain 16 serving cells. UE would need to feedback A-CSI for all 16 serving cells if the A-CSI triggering bits indicate so, even when the eNB only needs A-CSI for a subset of the 16 serving cells. This consequently causes the UE to unnecessarily transmit the A-CSI and waste the UL resource and the UE Tx power. Therefore, it is indeed beneficial to support more flexible A-CSI triggering for Rel-13.

Proposal 1: Confirm the working assumption that “To improve the flexibility of aperiodic CSI triggering in Rel-13 CA, at least it is supported to increase the number of aperiodic CSI sets compared to Rel-12 CA.”
The following alternatives can be considered for more flexible A-CSI triggering:
· Alt 1: The number of A-CSI triggering bits is increased

This alternative is a straightforward extension of the existing A-CSI triggering mechanism. For example, if the A-CSI triggering bits are increased to 3 bits, then the following table can be used. With 3 A-CSI triggering bits, up to 6 set of serving cells can be configured by higher layers. 
Table 2: CSI Request field for (E)PDCCH with uplink DCI format in UE specific search space, 3 triggering bits

	Value of CSI request field
	Description

	'000'
	 No aperiodic CSI report is triggered

	'001'
	 Aperiodic CSI report is triggered for serving cell 
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	'010'
	 Aperiodic CSI report is triggered for a 1st set of serving cells configured by higher layers

	'011'
	 Aperiodic CSI report is triggered for a 2nd set of serving cells configured by higher layers

	'100'
	 Aperiodic CSI report is triggered for a 3rd set of serving cells configured by higher layers

	'101'
	 Aperiodic CSI report is triggered for a 4th set of serving cells configured by higher layers

	'110'
	 Aperiodic CSI report is triggered for a 5th set of serving cells configured by higher layers

	'111'
	 Aperiodic CSI report is triggered for a 6th set of serving cells configured by higher layers


· Alt 2: The number of A-CSI triggering bits is not increased and the A-CSI triggering bits transmitted in different subframes triggers different sets of serving cells for which A-CSI shall be reported.

This alternative also allows higher layers to configure more than two sets of serving cells for which A-CSI can be triggered. For example, the higher layers can configure four sets of serving cells. The A-CSI triggering can be performed following Table 3. 

Table 3: CSI Request field for (E)PDCCH with uplink DCI format in UE specific search space, 2 triggering bits

	Value of CSI request field
	Transmitted in subframes
	Description

	'00'
	All subframes
	No aperiodic CSI report is triggered

	'01'
	All subframes
	Aperiodic CSI report is triggered for serving cell 
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	'10'
	Odd subframes
	Aperiodic CSI report is triggered for a 1st set of serving cells configured by higher layers

	'11'
	Odd subframes
	Aperiodic CSI report is triggered for a 2nd set of serving cells configured by higher layers

	'10'
	Even subframes
	Aperiodic CSI report is triggered for a 3rd set of serving cells configured by higher layers

	'11'
	Even subframes
	Aperiodic CSI report is triggered for a 4th set of serving cells configured by higher layers


It shall be noted that CSI subframe sets are supported since Rel-10. If CSI subframe sets are configured for the UE, then the A-CSI corresponding to the CSI subframe set containing the subframe with the A-CSI triggering is reported. The combination of this alternative together with CSI subframe sets makes the A-CSI triggering more complicated. Furthermore, additional delays for the eNB to obtain the A-CSI for some serving cells may occur since the eNB has to wait until the subframe which can trigger A-CSI reporting of the interested serving cell.    

· Alt 3: The number of A-CSI triggering bits is not increased and the A-CSI triggering bits transmitted in different serving cells triggers different sets of serving cells for which A-CSI shall be reported.

This alternative also allows higher layers to configure more than two sets of serving cells for which A-CSI can be triggered. For example, the higher layers can configure four sets of serving cells. The A-CSI triggering can be performed following Table 4. 

Table 4: CSI Request field for (E)PDCCH with uplink DCI format in UE specific search space, 2 triggering bits

	Value of CSI request field
	Corresponding PUSCH transmitted in serving cell
	Description

	'00'
	Any serving cell
	No aperiodic CSI report is triggered

	'01'
	Serving cell c
	Aperiodic CSI report is triggered for serving cell 
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	'10'
	A serving cell with odd cell index
	Aperiodic CSI report is triggered for a 1st set of serving cells configured by higher layers

	'11'
	A serving cell with odd index
	Aperiodic CSI report is triggered for a 2nd set of serving cells configured by higher layers

	'10'
	A serving cell with even index
	Aperiodic CSI report is triggered for a 3rd set of serving cells configured by higher layers

	'11'
	A serving cell with even index
	Aperiodic CSI report is triggered for a 4th set of serving cells configured by higher layers


However, the alternative requires the UE to support UL CA, in the sense that PUSCH transmitted on different UL serving cells can carry the A-CSI for different sets of serving cells’ A-CSI. Therefore, this alternative is not applicable for non-UL CA capable UE.

Based on the above discussion, alternative 1 is the preferred solution to enhance A-CSI triggering flexibility in Rel-13 CA. Therefore, we have the following proposal: 
Proposal 2: The A-CSI triggering bits in UL grant transmitted in UE specific search space is increased to 3 bits and higher layers can configure 6 sets of serving cells for which A-CSI shall be reported. 
3 Conclusions
In this contribution, we discuss A-CSI triggering for Rel-13 eCA. The following proposals are made:
Proposal 1: Confirm the working assumption that “To improve the flexibility of aperiodic CSI triggering in Rel-13 CA, at least it is supported to increase the number of aperiodic CSI sets compared to Rel-12 CA.”
Proposal 2: The A-CSI triggering bits in UL grant transmitted in UE specific search space is increased to 3 bits and higher layers can configure 6 sets of serving cells for which A-CSI shall be reported. 
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