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1 Background
RAN1 has received an LS from RAN2 [1] and is tasked to work out details how and what to report as CQI after activation of an SCell. Overall, there are two requested actions for RAN1:
1. RAN1 is asked to specify the fixed value to be reported when there is no valid CQI result yet after activation of the SCell.
2. RAN1 (and RAN4) are asked to specify the requirement when the UE shall have valid CQI results for the SCell at the latest after activation, if seen necessary.
This contribution discusses this issue and solutions for periodic and aperiodic CQI reports.
2 Discussion
2.1 Reported CQI value immediately after activation
According to RAN2's LS, there is a period after activation of an SCell until CQI measurements are available at the UE, and therefore until reasonable CQI values can be reported.
Fundamentally, there are two different CQI report types: Periodic and Aperiodic reports. However, the periodic reports could be transmitted on PUCCH as well as on PUSCH - depending on the situation. On the other hand, the aperiodic CQI reports can be multiplexed with data on PUSCH, or can be transmitted as a stand-alone message (a.k.a. CQI-only). Therefore, we distinguish the following cases:

· Periodic CQI reports

· Aperiodic CQI reports

2.1.1 Periodic CQI reports

When a periodic reporting instance occurs in a subframe with PUSCH transmission, the periodic CQI content is multiplexed on PUSCH. Therefore, if the periodic report is multiplexed even if no CQI measurement data is available, the eNB can be sure of the REs used for data transmission.

Usually the eNB knows that the UE is in the transition phase from deactivated to activated component carrier. Until the eNB is certain that CQI measurements are available at the UE, the eNB could actually ignore all reports from the UE, no matter what they signal. From that perspective, it is actually not required to specify which value is transmitted as periodic CQI as long as the payload matches the expectation at the eNB.

However, in order to reduce the effect an erroneous CQI interpretation could have on the scheduler, a fixed value can be specified. Depending on the reporting mode and the type, the following could be specified:

· Type 3, 5, 6 reports should report RI=1, PMI/PTI=0 (as applicable)
· Type 1, 1a, 2, 2a, 2b, 2c, 4 should report CQI=0 and PMI=0 (as applicable)

For periodic CQI reports transmitted on PUCCH, the payload issue mentioned for the PUSCH case is non-existent. Still specifying exactly the UE behaviour can reduce the error cases or enable the eNB to distinguish between an activated but non-measurable SCell and an activated but bad-condition SCell CQI report. In addition, we think that a uniform solution for any periodic report is preferred.
2.1.2 Aperiodic CQI reports

For aperiodic reports transmitted on PUSCH, there are similar reasons to introduce a behaviour for reporting CQI after activation as for periodic reports, i.e. to clearly define the boundary between PUSCH REs used for data and PUSCH REs used for aperiodic CQI reports. In addition, for carrier aggregation the triggering flexibility with respect to the triggered CC reports is not perfect. Consequently, the eNB may want to trigger a report for multiple CC including a just activated a CC, even if it knows that the report for such a CC may not be meaningful yet, but in order to obtain accurate CQI for the already activated CCs.
A major difference to periodic reporting is that the aperiodic CQI report contains basically all reporting elements in one report, i.e. CQI, PMI, RI, and therefore the respective interpretation is not conditioned on other reporting instances. At the same time, the aperiodic report can generally comprise reports for multiple SCells, so that the payload issue is not only related to the boundary between data and CQI, but also between different CQI reports for different component carriers.
Dummy/DTX bits could be transmitted for just activated SCells, i.e. they are inserted when encoding the aperiodic CQI report, and are later replaced by zero-power REs. Depending on the rate matching and mapping, this may be non-trivial to detect by the eNB.

A better solution is to exploit the differential CQI field in conjunction with their reference:

· For a spatial differential value, offset values {(-4; -3; -2; -1; 0; 1; 2; (3} can be signalled
· For a subband differential value, offset values {(-1; 0; 1; (2} can be signalled
· For a differential value, offset values {(1; 2; 3; (4} can be signalled
Consequently, it is very easy to leave the 'reasonable' CQI range of 0-15 by proper combination of reference CQI value and differential CQI value. For example, by signalling reference CQI=15 and differential CQI offset =2, the reconstructed value at the eNB would be 15+2=17. This can be easily detected as an unambiguous identifier for a component carrier that has been activated but for which no measurement data is available yet. Consequently, the eNB has the possibility to easily discern an activated component carrier with available measurement (all reconstructed CQI values are within the range 0-15) from an activated component carrier without available measurement (at least one reconstructed CQI value outside of the range 0-15).
We also note that this method can be used additionally to generate a third-state report for deactivated component carriers [2], even though the target there is rather to avoid ambiguities and uncertainties following a deactivation of a component carrier rather than this case here following an activation of a component carrier.
2.2 Specification of timing requirement
In case that the report for an unavailable CQI measurement indicates this situation unambiguously as indicated above, the eNB can trigger or configure CQI reports freely as it wishes, as there are no uncertainties with respect to the reporting size or content involved. However, it would still be beneficial to set a maximum time after the activation command after which the UE should be capable of reporting CQI. With such a specified value, the eNB can better judge at what times to issue activation commands and/or aperiodic CQI requests.
As RAN4 agreed that a UE can start measurement after 8 subframes, CQI could be available 4 subframe later in non-CSI-RS based measurement in FDD although the accuracy may be different at such an early instance.
3 Conclusion

In case RAN1 intends to specify the reporting behaviour along the lines of the RAN2 LS, RAN1 should specify the following behaviour when reporting CQI for activated SCells when no measurement data is available at the time of reporting:
1. For periodic reports
· Type 3, 5, 6 reports should report RI=1, PMI/PTI=0 (as applicable)

· Type 1, 1a, 2, 2a, 2b, 2c, 4 should report CQI=0 and PMI=0 (as applicable)

2. For aperiodic reports
· Report indicates at least a single value outside of the range 0-15

We also propose that a maximum value is specified after which the UE must be able to report a meaningful CQI value. We think the value of 12 subframe later would be applicable for non-CSI-RS based measurements.
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