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1 Background
RAN1 has received LS R1-111303 from RAN2 which clarifies that RAN1 is responsible to decide the CSI reporting behaviour for component carriers that are configured but deactivated. This affects mainly the error-case resilience and the uplink overhead involved in aperiodic CSI reports.

This contribution discusses this issue and whether and how problems can arise and be solved.
2 Discussion
When requesting aperiodic CSI reports, the two CSI request bits give the possibility to choose dynamically from two configurable sets that each can represent a multi-CC report: States "10" and "11" each point to one freely configurable set of downlink component carriers. It is therefore up to the eNodeB whether such a set actually triggers a CSI report for a single or multiple downlink component carriers. These two sets of component carriers that can be requested can only be changed by RRC signalling, therefore it can be safely assumed that such a change can happen only at a clearly slower rate than the change from activated to deactivated component carriers.
For each component carrier, MAC implements an implicit deactivation timer, whose initial value is determined by RRC. Whenever the UE detects a transmission on a CC, the corresponding timer is reset to the initial value. Whenever the timer runs out (i.e. expires), the component carrier is deactivated implicitly.

Consequently, the implicit deactivation timer can be responsible for the following two error cases:

· UE keeps a CC longer activated than eNB expects, due to false alarm detection of PDCCH for the CC

· UE deactivates a CC without the eNB’s knowledge, because of missed PDCCH for that CC

In both cases, the effect is that eNB and UE can have a different understanding about when and which CC is activated/deactivated.
When looking at aperiodic CSI reporting, such a misunderstanding about the activation status may prove fatal for a whole aperiodic CSI report: The UE multiplexes the CSI report differently into the PUSCH, mainly noticeable by using a different number of REs as the assumed payload is not aligned. This affects the CQI/PMI codeword payload as well as the RI for the different component carriers.

Firstly this will almost certainly lead to a loss of the whole CSI report in that subframe, but also to some amount of PUSCH HARQ buffer corruption (since CSI bits are erroneously regarded as PUSCH data).

In the following, we discuss how these problems can be avoided.

Disable implicit CC deactivation
RAN2 has agreed that the implicit deactivation functionality can be effectively disabled by setting the initial value to “Infinity”. While this solves the issue of misaligned CSI report sizes, it also makes implicit deactivation impossible. The usefulness of implicit deactivation was discussed in RAN2 but it was concluded to keep it because a sufficient number of companies prefer to have it. One of the reasons is if a sufficiently long value is set as implicit deactivation timer, the error case of false detection and missed detection can be sufficiently reduced.
We note that RAN1/4 discussed CSI reporting around activation and deactivation in [2] and [3]. The timing requirement value of 8 subframes agreed in RAN4 for activation/deactivation command and subsequent 4 subframes of un-available CSI mandate eNB to set the deactivation timer as a sufficiently long value like 120ms or longer in order to this unavailable CSI period is a sufficiently small portion. If the unavailable CSI period by activation/deactivation command is around 12 ms and the deactivation timer value set to around 120 ms, the misdetection or false detection of PDCCH on a few subframes is recovered by subsequent PDCCH transmission. Therefore, such an error case is almost negligible and can be considered as a corner-case that does not need to be resolved in Release 10.
Blind decoding at eNodeB
The eNodeB may blindly try different hypotheses on the CSI report size. In this way, the eNodeB will many times be able to determine the size correctly, evidently avoiding any harmful consequences. However, this obviously requires additional complexity efforts at the eNodeB, which in addition has to be somehow dimensioned for a worst-case scenario for multiple UEs at the same time.
Explicit Indicator in CSI message
With this method, the UE includes a kind of header to explicitly inform the eNodeB about the CSI size or the number of CCs that are included in the report. However, the drawback is that this requires a new and independent encoding and transmission of such a header. In addition, such a header can also fail due to transmission errors. On the other hand, such a solution provides the most efficient uplink transmission if that header is sufficiently small. One such possibility would be to report the wideband CQI for all component carriers (i.e. also those that are deactivated) in the header, and to report the remaining CSI elements (PMI / subband CQI, depending on the reporting mode) only for those component carriers where the wideband CQI is not equal to OoR (= CQI index "0" "Out of Range"). In this way, the overall CSI payload is only increased by the CRC for the header.
Reporting for all configured CCs
In this way, the CSI payload does not depend on the activation status of a CC. Since the UE cannot report meaningful CSI for a deactivated CC, it needs to fill in the expected payload with dummy bits. One way would be to report all CQI values as index “0” for such a CC, however then the eNodeB cannot distinguish between a report for a deactivated CC and an activated CC with bad channel conditions. Such a distinction is possible by creating a report that results in a subband CQI that is outside the range of 0-15. It is fairly easy to create a report such that the resulting CQI value is e.g. 16 by signalling a wideband value of 15 and a subband offset of +1.

Always reporting based on all configured CCs adds usually a remarkable overhead in CSI reports even if there is no uncertainty of activation/deactivation status. In typical operation of deactivation timer settings, we expect this period is much longer than the period of uncertainty of activation/deactivation status. Therefore, we consider this method as the most inefficient solution.
3 Conclusion

We think RAN1 should discuss this issue, and preferably adopt one of these methods:
1. UE transmits CSI only for activated CC in order to reduce the overhead.
· The inconsistency of activation status and therefore a potential size mismatch is controlled by the network by setting a sufficiently long value of the implicit deactivation timers (including infinity value), i.e. it is controlled by the eNB.
· eNB is also free to implement blind CSI report decoding if aggressive usage (=small values) of the implicit deactivation timer is intended.
2. To specify the UE behaviour such that a header is introduced consisting of the wideband CQI for each configured component carrier. Further CSI elements for a component carrier are only transmitted if the corresponding wideband CQI index is 0 (OoR).
· The UE should report wideband CQI value 0 (OoR) for configured but deactivated component carriers.
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