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1. Introduction

One of the remaining Rel-10 aperiodic CSI issues is triggering of reporting of aperiodic CSI.
In RAN1#61bis meeting, the following small agreement was reached regarding triggering for aperiodic CSI report.

· The number of possible triggers for aperiodic CSI and the DL component carriers (CC(s)) to which they relate is FFS. 
In the last two meetings (#62 and #62bis) there was no discussion on aperiodic CSI triggering.
In this contribution we show our views on aperiodic CSI report triggering for multiple DL CCs. 

2. Approaches to aperiodic CSI reporting triggering
Aperiodic CSI reporting procedure by a UE is initiated when the UE successfully receives a PDCCH by which the network orders the UE to perform aperiodic CSI reporting. As UL resource allocation for the aperiodic CSI report needs to be explicitly indicated to the UE, either DCI format 0 or DCI format 4 is used for the aperiodic CSI report triggering.

Some companies are proposing to include multiple bits, as CSI request indication, in DCI format 0 or DCI format 4. Our preference is to use only one bit as CSI request indication.

The following table compares three approaches to aperiodic CSI reporting triggering using DCI format 0 (or DCI format 4) with 1-bit CSI request field.
	
	Description
	Merit
	Demerit

	App.1

[1]
	Use DCI format 0 (or DCI format 4) with 1-bit CSI request field.
UE performs reporting of aperiodic CSI for the DL CC only, on which the UE received the DCI format.
Approach 1 is similar to the Rel-8/9 aperiodic CQI reporting triggering.
	no impact on PDCCH specifications

most efficient when the network wants to get CSI of  only one DL CC
	PDCCH overhead increases in proportion to the number of DL CCs whose CSI are required to be reported.
As Approach 1 is applicable to PDCCH monitoring CCs only, the use of this approach alone is insufficient when the UE is configured with cross-carrier scheduling.

	App.2
[2]
	Use DCI format 0 (or DCI format 4) with 1-bit CSI request field.
When a UE receives a DCI format 0 (or DCI format 4) with aperiodic CSI report request bit =’1’ on any PDCCH-monitoring DL CC, the UE performs reporting of aperiodic CSI for all the configured (or activated) DL CCs using the PUSCH indicated by the received DCI format.

	no impact on PDCCH specifications
most efficient  when the network wants to simultaneously get CSIs for all the CCs configured for the UE
	UL radio resource can be wastefully used when some of the configured CCs are infrequently used.

	App.3


	Use DCI format 0 (or DCI format 4) with 1-bit CSI request field.

When a UE receives a DCI format 0 (or DCI format 4) with aperiodic CSI report request bit =’1’ on a PDCCH-monitoring CC, the UE performs reporting of aperiodic CSI for all the PDSCH CCs which can be scheduled by the PDCCH-monitoring CC.  The reporting is done using the PUSCH indicated by the received DCI format.
When a UE receives more than 1 DCI format 0 (or DCI format 4) with aperiodic CSI report request bit =’1’ on the same DL subframe, the UE sends CSI report, per received DCI format, using different PUSCHs on the same UL subframe if the UE has the same number of activated UL CCs as that of the received DCI format. (If not, the reporting is done over multiple UL subframes.)
	no impact on PDCCH specifications
possibly most efficient when the network wants to get CSIs for a subset of the configured CCs
	UL radio resource can be wastefully used when some of the configured CCs are infrequently used. (But the wastefulness can be less than for App2.)
When CQI reporting of all the configured (or activated) CC is needed simultaneously, the PDCCH transmission overhead can be larger compared to Approach 2.


For a UE not configured with cross-carrier scheduling, Approaches 1 and 3 appear almost the same.
An example of Approach 3 is shown in Figure 1. And the subsequent paragraph describes the example.
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Figure 1 Example of Approach 3
In Figure 1, when a UE receives an aperiodic-CSI-request PDCCH (DCI format 0 or 4 with aperiodic CSI report request bit = ‘1’)  on DL CC#1, it sends report of CSI for DL CC#1 through #3 to the eNodeB using PUSCH on UL CC#1. When a UE receives an aperiodic-CSI-request PDCCH on DL CC#4, it sends report of CSI for DL CC#4 and #5 to the eNodeB using PUSCH on UL CC#2. If the network wants the UE to perform reporting of CSIs for all the DL CCs (#1 through #5), it sends the UE two aperiodic-CSI-request PDCCHs, one each on DL CC#1 and #4, on the same or different DL subframes.  If the UE has only one activated UL CC (i.e. DL CC#1 and DL CC#4 is linked to UL CC#1) and the network wants CSI report of all the configured DL CCs, the eNodeB sends two aperiodic-CSI-request PDCCHs using two DL subframes (e.g. DL CC#1 on a DL subframe and DL CC#4 on the next DL subframe).
3. Proposal
For aperiodic DL CSI reporting by a Rel-10 UE configured with multiple DL component carriers (CCs), we make the following proposal.
{Note: Aperiodic-CSI-request PDCCH shown here is PDCCH based on DCI format 0 (or DCI format 4) whose aperiodic CSI request field bit is ‘1’.}
· Only one bit is used as aperiodic CSI request indication in an aperiodic-CSI-request PDCCH.

· Aperiodic-CSI-request PDCCH is transmitted on a PDCCH-monitoring CC.

· Upon reception of an aperiodic-CSI-request PDCCH, the UE performs the following reporting depending on the component carrier configuration applied to the UE.
· A UE configured with only one DL CC performs reporting of CSI for the DL CC.
· A UE configured with multiple DC CCs but not cross-carrier scheduling performs reporting of CSI for the DL CC on which the UE received the PDCCH. 
· A UE configured with multiple DL CCs and cross-carrier scheduling performs reporting of CSI for all the DL CCs which can be scheduled by the DL CC on which the UE received the PDCCH. 
· If the aperiodic-CSI-request PDCCH includes CIF, the aperiodic CSI reporting is done using the UL CC which is scheduled by the received PDCCH.

· If the aperiodic-CSI-request PDCCH doesn’t include CIF, the aperiodic CSI reporting is done using the UL CC which is “SIB2”-linked to the DL CC on which the UE received the PDCCH.
· The UL radio resource for transmission of aperiodic CSI report is indicated in the received PDCCH. 
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