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1
Introduction
In a multicarrier LTE-A system, a UE may be configured with two or more component carriers (CC)s, one of which is designated as the primary CC (PCC) while all others are called secondary CCs (SCC). PDCCH for each PUSCH CC is individually coded and transmitted. Each PDCCH contains one-bit for aperiodic CQI report triggering. In any given subframe, a UE may receive one or more PDCCHs (each with 1-bit information field of the aperiodic CQI triggering) and consequently, the UE may transmit one or more PUSCHs. 
In this contribution, we discuss the support of aperiodic CQI report in carrier aggregation (CA) focusing on two aspects: triggering and reporting.
2
Discussion

In RAN1#61bis, it was confirmed that parallel PUCCH and PUSCH transmission on the same and different CCs is supported as part of the CA work item. Control piggy-backing on PUSCH (UCI on PUSCH) is also supported for both CA and non-CA operation. It was also agreed that if some UCI is to be piggybacked on PUSCH, all UCI shall be piggybacked on the same PUSCH CC irrespective the number of PUSCH CCs. Generally, if the UE has a PUSCH transmission on the PCC, any UCI on PUSCH is carried on the PCC. Exceptions to piggybacking on the PCC may exist, e.g., in the case of aperiodic CQI, SPS, etc.
PDCCH for each PUSCH CC is individually coded and transmitted. Each PDCCH contains one-bit for aperiodic CQI report triggering. Two main issues remain open for aperiodic CQI in CA:
· Triggering: the number of possible triggers for aperiodic CQI and the DL CC(s) to which they relate.

· Reporting: the choice of PUSCH in the case of aperiodic CQI
Generally speaking, the triggering of aperiodic CQI needs to consider the following factors:

· Efficiency: often, the eNB may need to acquire aperiodic CQI information for more than one DL CC. If one-to-one mapping between the aperiodic triggering bit and the DL CC is defined (e.g., the triggering bit is always associated with the corresponding PDSCH CC linked to the PUSCH CC), the eNB may need to send multiple PDCCHs for aperiodic CQI feedback for multiple DL CCs, resulting in inefficiency in PDCCH overhead. As a result, it seems necessary for the eNB to be able to trigger CQI feedback for two or more DL CCs using one PDCCH.
· Flexibility: depending on the deployment scenarios and the channel/traffic conditions of the UE, it is desirable for the eNB to have some flexibility in triggering CQI feedback. While one-to-one mapping may become inefficient in terms of PDCCH overhead in some scenarios, one-to-all mapping (one bit triggers CQI feedback for all the configured or activated DL CCs) may not be necessary and more importantly, may cause excessive control overhead when piggybacking on PUSCH. For instance, there may be a need for the one-bit to trigger CQI feedback for the corresponding DL CC and the DL PCC (if different from the correponding PDSCH CC). 
· Complexity: it is important to keep the design simple, and particuarly, to minimize the probability of misalignment between the eNB and the UE regarding which DL CCs need CQI feedback. If the false detection probability is ignored, given Mscheduled scheduled CCs, the number of PDCCHs that the UE may receive can range any where between 0 and Mscheduled. If each PDCCH triggers channel feedback for DL CCs uniquely, eNB may need to perform up to Mscheduled +1 blind detections. On the other hand, if the aperiodic triggering is common (with respect to the triggered DL CCs) to all PDCCHs, eNB may need to perform up to 2 blind detections.
· Completeness: In Rel-10, on a per UE basis, both symmetric and DL-heavy asymmetric CC configurations are supported. In the case of DL-heavy asymmetric CC configuration (i.e., more DL CCs than UL CCs), it is necessary to have at least one PDCCH triggerCQI feedback for two or more DL CCs. In other words, the one-to-one mapping case by itself is not sufficient for Rel-10.
With the above design considerations, we propose the following:

· Proposal: For each UE, each PDCCH may trigger aperiodic CQI feedback for a subset of DL CCs, configurable via RRC. 
To be more specific, with Mconfigured configured DL CCs (denoted by S, which has a dimension of Mconfigured), a UE can be further configured with one or more DL triggering CC subsets (denoted by S1, ..., SN) for aperiodic CQI triggering, such that:
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Note that the triggering subsets Sn, n=1, ..., N, can be mutually orthogonal but can have overlap as well. For instance, it may be desirable to always have CQI feedback for the DL PCC via configuring the DL PCC in every subset Sn.  This can be left to eNB implementation. Each aperiodic CQI triggering in PDCCH (more directly, each PUSCH CC) is configured to trigger one of the triggering subset Sn such that the one-to-many (the triggering subset) mapping is realized. It is desirable that the triggering PDCCH (or PUSCH CC) belongs to the triggering subset Sn. In other words,  the triggering PDCCH (or PUSCH CC) at least triggers CQI feedback for the linked DL CC.

It is worth noting that the layer 3 configured triggering subbset Snmay contain one or more deactivated DL CC. As per RAN2’s decision, the UE is not required report channel feedback for a deactivated DL CC. As a result, when a PDCCH triggers channel feedback for a deactivated DL CC, the UE may:

· Not report channel feedback for the deactivated CC

· Report a dummy channel feedback

Due to the potential ambiguity between the eNB and the UE regarding the status of the CC (activated or deactivated), the former may necessitate blind detection at the eNB. In addition, when the CQI feedback for multiple DL CCs are jointly coded, a misalignment between the eNB and the UE may cause incorrect reception of channel feedback for all the involved DL CCs. On the other hand, if the CQI feedback for multiple DL CCs are individually coded and mapped to PUSCH resource, reception of channel feedback at the eNB can be reduced to on a per DL CC basis. Reporting a dummy channel feedback using the same layer 3 configured CQI report mode for the corresponding DL CC is more robust, but unnecessarily wastes PUSCH resource. More careful study is needed.
The following illustrates the proposed subset based aperiodic CQI triggering. In this example, the UE is configured with 4 DL CCs and 3 UL CCs, where CC2 is deactivated. Two DL CC triggering subsets are configured, where the DL PCC (CC1) is present in both subsets. The triggering can be configured such that:
· For PDCCH scheduling PUSCH on CC1, it always triggers aperiodic CQI feedback for subset S1 (DL CC1 and DL CC2)

· For PDCCH scheduling PUSCH on CC3 or CC4, each PDCCH always triggers aperiodic CQI feedback for subset S2 (DL CC1, DL CC3 and DL CC4)
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Figure 1 One example of DL CC subset based aperiodic CQI triggering
DL CC subset based aperiodic CQI triggering provides eNB the flexibility to efficiently operate DL scheduling depending on the deployment scenario and the conditions of the UE. Layer 3 based configuration helps eNB balance the trade-off between efficiency/flexibility and complexity. In the extreme case, the eNB can configure only one subset, which reduces to the one-to-all mapping, or Mconfigured mutually orthogonal subsets, which reduces to the one-to-one mapping.

In the case of one-to-many mapping (one PDCCH triggers multiple feedbacks) and multiple PDCCHs are configured to trigger the same DL CC triggering subset (e.g., in Figure 1, PDCCH scheduling PUSCH CC3 and PDCCH scheduling PUSCH CC4), it remains open on how to manage the triggering bits in the multiple PDCCHs. Basically the question is that:

·  Are two or more PDCCHs triggering the same DL CC triggering subsets allowed to set the triggering bit to 1 simultaneously?

This question is also related to which PUSCH CC is required to carry the triggered aperiodic CQI feedback. We propose the following:

· Proposal: The aperiodic CQI feedback should be piggybacked on the PUSCH CC scheduled by the triggering PDCCH, regardless whether the UL PCC has a PUSCH transmission or not. 
· Proposal: Under the same DL CC triggering subset, there is at most one PDCCH with the triggering bit set to 1. Multiple triggers for the same DL CC triggering subset should be considered as an error case. It is possible to have multiple triggers for different DL CC triggering subsets.
By doing so, it is up to eNB to pick a unique PUSCH CC to piggyback the CQI feedback for each DL CC triggering subset. Note that such PUSCH is dynamically scheduled via the triggering PDCCH, the eNB can control the MCS properly to ensure the quality of the channel feedback. If two or more PDCCHs corresponds to the same DL CC triggering subset need to be sent, the eNB can pick the appropriate PDCCH to trigger the channel feedback and consequently, designate the corresponding PUSCH CC for the piggybacking (e.g., with the higher MCS for improved efficiency). Piggybacking on the triggering PUSCH can avoid potential confusion between the eNB and the UE given that the PDCCH for the UL PCC may be missed (if the PUSCH on the UL PCC is dynamically scheduled) and the corresponding DL PCC may not be part of the DL CC triggering subset in question. In addition, if the PUSCH on the UL PCC undergoes a non-adaptive re-transmission, its MCS, transmit power, available REs, etc. may not be in the  appropriate combination to carry CQI feedback with the desired quality. Note also that typically each PDCCH is targeted with 1% miss-detection probability. Enabling triggering over two or more PDCCHs for the same DL CC triggering subset is not necessary from performance perspective.
3
Conclusions
In this contribution, we discussed the issue of aperiodic CQI feedback for carrier aggregation focusing on two aspects: how to trigger aperiodic CQI feedback and which PUSCH CC to piggyback the feedback. The following are proposed:
· For each UE, each PDCCH may trigger aperiodic CQI feedback for a subset of DL CCs, configurable via RRC. One or more DL CC triggering subsets can be configured on a per UE basis, while the union of the subsets constitutes the set of the configured DL CCs for the UE. 

· The aperiodic CQI feedback should be piggybacked on the PUSCH CC scheduled by the triggering PDCCH, regardless whether the UL PCC has a PUSCH transmission or not. 

· Under the same DL CC triggering subset, there is at most one PDCCH with the triggering bit set to 1. Multiple triggers for the same DL CC triggering subset should be considered as an error case. It is possible to have multiple triggers for different DL CC triggering subsets.
· Further study is needed on how to deal with aperiodic CQI feedback for deactivated CC(s) if triggered.
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