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1 Introduction

In RAN1#61bis, the following was noted regarding aperiodic CQI reporting for carrier aggregation:

· Note that the above does not imply anything about which DL CC(s) an aperiodic CSI report relates to.

· Note that the number of possible triggers for aperiodic CSI and the DL CC(s) to which they relate is FFS.
This contribution discusses how aperiodic CQIs for cross-carrier scheduled DL CCs can be activated and reported in case aperiodic CQIs for those DL CCs cannot be supported with 1-bit CQI request in DCI format 0, which is defined in LTE, under carrier aggregation with cross-carrier scheduling.
2 Aperiodic CQI reporting for carrier aggregation
In LTE, aperiodic CQI feedback is activated by the 1-bit CQI request in DCI format 0 which schedules PUSCH transmission from the UL carrier linked to the DL carrier. In LTE-A, one DL CC can schedule PUSCH transmissions for a UE from multiple UL CCs using CIF, and some other DL CCs may be configured to not transmit any UL DCI formats for the UE. Then, aperiodic CQIs for DL CCs on which no uplink grant is transmitted cannot be activated by the CQI activation mechanism of LTE Rel-8/9 as discussed in [1]-[7]. To deal with this issue, using the CIF and CQI request bit jointly for aperiodic CQI activation for cross-carrier scheduled DL CCs was proposed [1]. Also, utilization of SIB-2 link relation was introduced [6]. Using an exemplary CC configuration shown below, the three approaches utilizing the CIF, the SIB-2 link relation and RRC configuration, respectively, for activation of aperiodic CQI reporting are discussed in more detail.
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Figure 1: An example configuration for the linkage between DL CCs and UL CCs with cross-carrier scheduling for a UE.
Figure 1 shows an exemplary configuration for the linkage between DL CCs and UL CCs for a UE when cross-carrier scheduling is applied by including CIF in DL assignment and UL grant. In Figure 1, the yellow solid line indicates the SIB-2 link between UL CCs and DL CCs. The arrow lines indicate the linkage from DL CCs sending PDCCH to DL/UL CCs scheduled for corresponding PDSCH/PUSCH. For example, PUSCH on UL CC1 is scheduled by PDCCH on DL CC1 and PUSCHs on UL CC2 and UL CC3 are scheduled by PDCCHs on DL CC2. Also, PDSCH on DL CC3 is cross-carrier scheduled by PDCCH on DL CC2 while PDSCHs on DL CC1 and DL CC2 are self-scheduled by PDCCH on DL CC1 and DL CC2, respectively. It is noted that in the exemplary configuration in Figure 1, the eNB transmits DL assignments and UL grants only on DL CC1 and DL CC2. 
For the configuration in Figure 1, aperiodic CQI activation for DL CC1 is possible re-using the Rel-8 mechanism as it is. Concerning aperiodic CQI reporting for DL CC2, either of UL CC2 and UL CC3 can send the CQI depending on the CIF indicated in the corresponding UL grant. On the other hand, activation of aperiodic CQI for DL CC3 is not clear as no UL grant can be transmitted on DL CC3. In the following, we discuss how to deal with the issues on aperiodic CQI activation on DL CC2 (linkage to two UL CCs) and DL CC3 (no linkage to any UL CCs) for the three approaches below:
· Activation using SIB-2 link relation
· Activation using CIF
· Activation based on RRC configuration
The above three approaches are not mutually exclusive and can be used in a complementary manner.
Activation using SIB-2 link relation
As a straightforward extension of LTE aperiodic CQI activation mechanism, SIB-2 link relation can be used to activate aperiodic CQI for DL CC3 in Figure 1. Note that in most cases, each DL CC has a corresponding SIB-2 link relation with a UL CC as in Figure 1.
When the eNB needs channel quality information for DL CC3, which cannot transmit any UL grant for the UE, a UL grant with CQI request field set to ‘1’ is transmitted from DL CC2 and the CIF is set to the value corresponding to UL CC3 for PUSCH transmission from UL CC3. Then, with the SIB-2 link based approach, PUSCH transmission from UL CC3 contains aperiodic CQI reporting for DL CC3, as DL CC3 is SIB-2 linked to UL CC3. The UE can be aware that the channel status of DL CC3 should be fed back to the eNB upon receiving a UL grant on DL CC2 and embed aperiodic CQI in the PUSCH on UL CC3 after it estimates channel quality for DL CC3 as configured by higher layer signaling. Likewise, aperiodic CQI activation for DL CC2 can be indicated by a UL grant on DL CC2 which is actually done in LTE. In the UL grant for aperiodic CQI of DL CC2, CQI request field is set to ‘1’ and the CIF is set to the value corresponding to UL CC2 for PUSCH transmission from UL CC2.This way, utilizing SIB-2 link relation can provide simple activation of aperiodic CQI reporting for each DL CC which has an SIB-2 link relation with a UL CC. Also, it leaves intact interpretation of the CIF field for indicating the UL CC for PUSCH transmission. 
Activation using CIF
Instead of utilizing SIB-2 linkage, CIF in UL grant can be utilized for triggering aperiodic CQI for DL CCs. In the exemplary configuration in Figure 1, the CIF can be interpreted differently to indicate the activation of aperiodic CQI for DL CC3 when CQI request in UL grant is set to ‘1’. One way of the CIF interpretation when the CQI request is on is that the CIF in UL grant indicates which DL CC the aperiodic CQI is intended for instead of interpreting the CIF as an index of the UL CC with PUSCH transmission. Then, the UL CC for PUSCH transmission can be configured by higher layer signaling or fixed as UL primary CC.
When the eNB needs channel quality information for DL CC3, UL grant with the CIF set to a value for DL CC3 and the CQI request set to ‘1’ can be sent on DL CC2. Once the UE receives the UL grant on DL CC2, the UE can know from the CIF value that aperiodic CQI for DL CC3 is activated. 
Activation based on RRC configuration
In DL heavy asymmetric configuration, some DL CCs may not have any corresponding SIB-2 linkage to UL CCs. Thus, activation utilizing SIB-2 link relation cannot trigger CQI feedback for such orphan DL CCs. The activation utilizing CIF, explained above, can be a solution to resolve this problem as it does not depend on SIB-2 link relation. As an alternative, activation based on RRC configuration can be considered, and in combination with the SIB-2 link or CIF based activation, the RRC configuration based approach can provide more flexibility in indicating the DL CCs for CQI feedback. 
In the RRC configuration based approach, DL CCs without any SIB-2 linkage can be paired with a DL CC having a SIB-2 linkage to a UL CC via RRC configuration, and UEs are configured to send CQI feedback for the orphan DL CC whenever CQI feedback for the paired DL CC is activated. That is, when CQI feedback for an orphan DL CC is required, the eNB can request it by activating the CQI feedback for the paired DL CC with utilizing the SIB-2 link relation. As an extension, aperiodic CQIs for more than two DL CCs can be activated as well by configuring those DL CCs in a group via RRC. When CQI feedback for specific DL CC is activated by utilizing SIB-2 linkage or CIF, CQI feedback for multiple DL CCs can be activated together depending on RRC configuration.
3 Conclusions
This contribution discussed support of aperiodic CQI triggering and reporting in carrier aggregation scenarios, especially for cases that cross-carrier scheduling is applied. As a simple extension of the Rel-8 mechanism to activate aperiodic CQI feedback for cross-carrier scheduled DL CCs, we propose to adopt the approach based on SIB-2 linkage between the DL CC for aperiodic CQI reporting and the scheduled UL CC, as it is the simplest approach to apply as an extension of the Rel-8 mechanism. For asymmetric configuration cases that some DL CCs do not have SIB-2 linkage to any UL CC, the approaches utilizing CIF and RRC configuration can also be considered for future proof design.
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