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1 Introduction
In [1], we have given motivation to have a certain amount of control to include multiple DL CC aperiodic CQI reports in one subframe. In this contribution, we discuss different methods how to trigger such reports and identify their benefits.
2 Discussion
According to a decision by RAN2, CQI/PMI/RI reports are only transmitted for active component carriers. This document discusses only how to trigger reports among the active component carriers, but not the details about the corresponding UL transmission which should be studied further. In another contribution [2] we discuss the issue of different understanding at eNB and UE on the "active" status.
2.1 Triggering based exclusively on single UL grant

Release 8 DCI format 0 already includes a single aperiodic CQI request bit. We assume that such a bit is present in all UL-related DCI formats in Release 10, including new formats for UL SU-MIMO.

In case of multiple DL component carriers, it needs to be specified which or how many DL CCs should be reported when such a CQI trigger bit is active are required. In the following, we describe several of these methods.

CIF is included in the DCI format
According to earlier RAN1 decisions, the CIF always has a length of 3 bit, if present. In a normal UL grant, the CIF indicates the UL CC used for PUSCH transmission.
The 3 bits of the CIF could be used in a different fashion if the UL grant CQI trigger bit is active. In such a case, the CIF can be used to identify for which DL component carrier a CQI report is requested. Applying this principle in a simple fashion still interprets the CIF as an index to a DL component carrier; in this case, the CIF is used to point to the DL component carrier for which an aperiodic CQI report is requested. The actual UL transmission then should occur on the UL component carrier that is linked to the DL component carrier which carries the UL grant DCI, where the link is established by SIB2. However, this only achieves flexibility to determine for which component carrier the CQI is requested, but it does not add flexibility to request multiple component carriers' CQI at the same time, and comes at the price of not being able to indicate the desired UL component carrier by CIF. This is more of a problem in a CA-based HetNet operation where CIF is required to designate the target UL CC.
In order to achieve some flexibility for requesting multiple component carriers' CQI at the same time, while keeping the original CIF purpose, the CIF entries 1-5 are used to indicate the target PUSCH component carrier
.  Therefore, when these values are indicated by CIF and the CQI trigger bit is active, the UL component carrier where the PUSCH is assigned is determined by the CIF entry. The DL component carrier for which the CQI report is requested is the same DL component carrier where the UL grant DCI is transmitted. If another CIF entry is indicated (5-8) in conjunction with an active CQI trigger bit, then the PUSCH is assigned on the UL component carrier that is linked to the DL component carrier carrying the UL grant DCI. CQI is in such a case reported for all configured or active DL component carriers. With such a solution, the UL CC scheduling flexibility is maintained for single DL CC CQI requests, and at the same time the eNB has the flexibility to request CQI reports for all active DL CCs in a single subframe transmitted on a single UL component carrier.
This method serves well the purpose to request aperiodic CQI for several DL CCs in a minimum of time in case bursty traffic occurs.

In case that more flexibility is required for triggering multiple CQI reports, the 3 bits that the CIF offers are not sufficient. For full flexibility of five DL component carriers, 5 bits would be required. This would require additional bits in the UL DCI format(s), or re-use of existing bits for that purpose. We think in such a case we should consider the bits used for hopping and/or padding according to Release 8.

CIF is not included in the DCI format
This means that only the fields available in DCI format 0 according to Release 8 are present. This allows almost no flexibility to trigger different CQI reports in carrier aggregation. If the flexibility to choose between reporting CQI for a single DL CC or for all DL CC is sufficient, only a single bit is required in the DCI format. The following alternatives could be considered:

· Use of padding bit(s)
At least for the case of equal UL and DL bandwidth, the DCI format 0 carries at least one padding bit.

· Use of hopping flag
Hopping for aperiodic CQI transmission could be mandated by specification or configured by higher layer signalling. Since hopping is mainly applicable for cell-edge scenarios, a semi-static configuration may be acceptable.

· Use of resource allocation bit(s)
Release 8 defines that in case of hopping, 1 or 2 bits are taken from the resource allocation bits to define the parameter 
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 should then be mandated by the specification or configured by higher layer signalling.

· Use of cyclic shift for DM RS bit(s)
The cyclic shift parameter for aperiodic reports could be reduced in flexibility (i.e. only two instead of three bits) or moved to higher layer signalling.
2.2 Triggering based on DL assignments and single UL grant(s)

In this method, the reporting DL CC is decided based on the DL assigned CC in the same subframe where aperiodic CQI is requested.
One issue in this method is the risk of PDCCH misdetection. In case the UL grant with the active CQI trigger is lost, no CQI reporting takes place (this is the same effect as in Release 8 and should therefore not be considered as a particular drawback of this method). In addition however, any lost or falsely detected DL assignment in the same subframe would cause a different understanding as to the content and possibly order of the different DL CC CQI reports to be transmitted. This may be partially overcome by including an identifier in the CQI report.
One motivation of this method is to adapt the CQI report payload to report only component carriers on which transmissions are ongoing, i.e. which are regularly used. On the other hand this method is not so well suited to the case of bursty traffic demanding aperiodic CQI knowledge for component carriers where no transmissions are ongoing. In this case, extra PDCCH overhead or suboptimum link adaptation during the first few subframes would be incurred until the aperiodic CQI reports for "new" DL component carriers are available.

2.3 Triggering based on multiple UL grant(s)

This method is a straight extension from Release 8. Each UL grant DCI carries an aperiodic CQI trigger bit. An active trigger bit requests a CQI report only for the DL component carrier which transmits the corresponding UL grant DCI or for the DL component carrier linked by SIB2 to the indicated UL component carrier. Such a detail would still need to be worked out.
Another issue to be solved is how to determine on which UL component carrier the conglomerate of CQI reports is transmitted. One possibility would be the PCC, however it is not always guaranteed that there is an available grant on the PCC. So whether PCC is preferred or not, either way another or an additional method needs to be devised to determine the target UL CC for the CQI reports. One possibility would be to use the CC corresponding to the smallest or largest CC index (e.g. CI value) for which an UL grant is available. However there may be issues related to the CC status in case of implicit timer-based CC deactivation.
With such a mechanism, we also identify several issues related to PDCCH misdetection. First of all, according to a rule as just mentioned to determine the target UL CC, the PDCCH with the UL grant for the target UL CC may be missed or falsely detected. In such a case, the UE would put the CQI report on an uplink CC where the eNB does not expect it. This results in missed CQI report, and may also affect the UL-SCH detection at the eNB for the CC where the CQI is multiplexed but not expected. In addition, any other missed or falsely detected UL grant with active CQI trigger bit would create a different understanding between eNB and UE about the number and possibly order of CQI reports to be transmitted. This effect may be partly overcome by including an identifier in the CQI report.

Overall, we consider this approach to be the least attractive amongst the ones detailed in this contribution. 
3 Conclusion
This contribution discusses methods how to trigger aperiodic CQI/PMI/RI reports for multiple DL component carriers. In our view, the component carriers should be determined preferably by an indication in the DCI format that triggers the aperiodic report. CIF or other already defined fields can be used for this purpose. The exact method needs to be further defined among these. In our view, being able to choose between reports for a single or all active component carriers would be a reasonable approach, as only a 1-bit indicator is required for this.
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A Annex: Resource allocation when hopping is used

According to Release 8, when the hopping flag is active, 1 or 2 bits from the resource block assignment field are taken for the detailed hopping configuration. Figure 1 shows the effect this has on the maximum UL allocation size assuming Type 1 hopping, where we note that the effect for Type 2 hopping is the same or results in even smaller allocations. Values for the typical bandwidths of 6, 15, 25, 50, 75, 100 PRB are highlighted. It can be seen that for a 20 MHz cell with hopping, at most 20 PRB can be allocated. 
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Figure 1. Relation of UL grant resource block allocation with and without Type 1 hopping.







� This is meant to be in the same way as the CIF is interpreted for normal UL grants without CQI request.
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