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1. Introduction

In Rel’8/9 LTE, aperiodic DL CQI reporting is triggered by DCI format 0 whose CQI request field is set to 1. As only one carrier is used for DL data transmission to UE, the DCI format 0 doesn’t have to indicate which DL carrier the UE has to perform CQI/PMI measurement on.

In Rel’10 and later releases, LTE-A UE can be configured with multiple DL component carriers (CCs). An LTE-A UE can be scheduled on one or more of the activated CCs in the set of configured DL CCs, and the UE may be required to report CQI/PMIs of multiple DL CCs to its serving NodeB. Triggering by Rel’8 DCI format 0 of a CQI report for each of multiple DL CCs can increase PDCCH transmission overhead, which can increase in proportion to the number of configured DL CCs. Therefore the use of Rel’8 DCI format 0 can be inefficient for requesting multiple-CC CQI reports, from the viewpoint of PDCCH overhead.
In this contribution we discuss how CQI reports for multiple DL CCs can be efficiently performed. 

2. Approaches to how to order UE to perform CQI report of multiple DL component carriers
	
	Description
	Merit
	Demerit

	App.1

[1]
	Use DCI format 0 (and  a new DCI format for UL MIMO) with 1-bit CQI request field.
UE performs reporting of CQI only for the DL CC from which the UE receives the DCI format 0.
	no impact on PDCCH specifications

 
	PDCCH overhead increases with the number of DL CCs whose CQI is required to be reported.
Only applicable to PDCCH-monitoring carriers.

	App.2
[2]
	Use DCI format 0 (and  a new DCI format for UL MIMO) with 1-bit CQI request field.
CQI reporting of all the configured (or activated) CCs is performed all at once.
	no impact on PDCCH specifications
Very efficient (smallest PDCCH transmission overhead) when the network wants to get CQIs for all the CCs configured for the UE simultaneously.

 
	UL radio resource can be wastefully used when some of the configured CCs are infrequently used.

	App.3


	Use DCI format 0 (and  a new DCI format for UL MIMO) with 1-bit CQI request field.

When a UE receives a PDCCH (with aperiodic CQI report request) on a PDCCH-monitoring CC, the UE performs measurement on all the PDSCH CCs which can be scheduled by the PDCCH-monitoring CC. 
	no impact on PDCCH specifications
	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 App2.


An example of Approach 3 is shown in Figure 1.
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Figure 1   Example of Approach 3 (note: Two PDCCHs for aperiodic CQI request on CC#1 and CC#4 may not be transmitted on the same DL subframe.) 
In the example shown in Figure 1, when a UE receives an aperiodic-CQI-reporting-request PDCCH  on DL CC#1, it sends reports of CQI of DL CC#1 through 3 to the NodeB using PUSCH on the UL CC#1 (e.g. UL Pcell). When a UE receives an aperiodic-CQI-reporting-request PDCCH on DL CC#4, it sends reports of CQI of DL CC#4 and 5 to the NodeB using PUSCH on the UL CC#1. If the network wants the UE to perform CQI reporting of all the DL CCs (#1 through #5), it could send the UE two PDCCHs, one each on DL CC#1 and #4. However, when the UE fails to receive either of the two PDCCHs, the UE could inappropriately encode CQIs of CC#1 through #5 if these are joint-encoded.  Therefore, the two PDCCH may be better to be transmitted on different DL subframes. 
In what follows, Approaches 1 to 3 are compared.

Approach 1 consumes much PDCCH resource when the UE is configured with many DL CCs and is required to report CQI of all the configured DL CCs. As it cannot be applied to non-PDCCH monitoring CCs, Approach1 alone is insufficient when the UE is configured in cross-carrier operation. Approach 2 can be inefficient in terms of UL radio resource use when some of the DL CCs configured for the UE are infrequently used while Approach 2 is most efficient when the network wants to get CQI of all the CCs configured for the UE simultaneously. However, in some cases, CQIs for only a subset of the configured (or activated) CCs are needed simultaneously. In such a case, Approach 2 can be inefficient to some extent and Approach 3 could be more efficient than Approach 2. The inefficiency of Approach 2 could be improved by dynamically controlling DL CC activation/deactivation at the cost of increased MAC signaling overhead.
3. Proposal
For aperiodic DL CQI reporting by a LTE-A UE configured with multiple DL component carriers (CCs), we propose the following approach to how to order the UE to perform CQI reporting of DL CCs.
· DCI format 0 (and a new DCI format for UL MIMO) is used to order UE to perform reporting of aperiodic CQI of DL CCs.

· For a UE configured with only one CC, the Rel’8 scheme is used as it is. 
· For a UE configured with multiple CCs, the UE performs CQI reporting for all the CCs which can be scheduled by the DL CC on which the UE has received the aperiodic-CQI-reporting-request PDCCH. 
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