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Discussion / Decision
1. Introduction
The behaviour of CSI reporting in the context of SCell activation / deactivation is one of the final remaining open issues to be resolved in RAN1 Release-10 standardization. The topic has been lately discussed in RAN2, and there are two related incoming LSs for RAN1#65 [1],[2], relevant parts copied below:

R1-111229 (R2-111637)

…

RAN2 would also like to inform RAN1 that RAN2 has also confirmed the current RAN1 understanding for deactivation actions other than CQI/PMI/RI reporting shall apply no later than subframe n+x. 

For CQI/PMI/RI reporting RAN2 has reached the conclusion that upon deactivation CQI/PMI/RI reporting shall not stop before n+x to reduce the blind decoding complexity at the eNB
Actions

Upon receiving a deactivation command in subframe n, CQI/PMI/RI reporting shall continue until (but not including) n+x.

R1-111303 (R2-112611)
…

Given that, in the current version of TS 36.321 for Rel10, the specification says that for a deactivated SCell, CSI shall not be reported, RAN2 has discussed possible interpretations of the specification.
However, it was concluded that RAN2 is not the right place to discuss whether to report CQI for deactivated SCells with dummy contents. Therefore, RAN2 would like to inform RAN1 that taking a decision on this issue is up to RAN1.

Actions:

On CSI reporting for the deactivated SCell, RAN2 kindly requests RAN1 to take the above RAN2 conclusions into account in its further work and inform RAN2 of the decision.
Furthermore, it has been confirmed in RAN2#73 that the UE may stop CSI measurements already earlier [3]. Therefore, it remains for up to RAN1 to decide and capture the exact UE behaviour in the the TS 36.213.

2. Ambiguity related to SCell deactivation before subframe n+x 

As stated in the RAN2 reply, the CSI reporting shall continue until subframe n+x after the deactivation. On the other hand the UE may stop CSI measurement already before that to e.g. save power. In such case the UE shall not have a CSI measurement to report available. For simplicity, we propose to treat this case similarly as the CQI reporting upon activation of an SCell, i.e. to report CQI index “0” (Out-of-Range) for the 1st CW if the UE has performed  the related deactivation operations already before. 
Proposal 1: If the UE has stopped CSI measurements after receiving the deactivation command in subframe n, it shall report CQI index “0” (Out-of-Range) at least until subframe n+x.
3. Reporting of CSI for deactivated SCells after subframe n+x
It has been agreed in RAN2 that MAC-level signalling is used to activate/deactivate DL SCells. Another agreement from RAN2 is that a UE does not perform CQI measurements corresponding to de-activated SCells. Hence, there is no CQI measurement to report corresponding to the deactivated SCells [4].

As discussed in also [5] and [6], the problem with MAC-level signalling is that potential signalling errors related to MAC-level activation/deactivation create ambiguity between UE and eNB upon which SCells are active. The most probable error case is related to NACK to ACK error, where UE has not yet decoded correctly the MAC activation/deactivation message and has requested retransmission with NACK but eNB interprets it as ACK and assumes that message was correctly received. Similarly, in ACK to NACK error case, UE has received activation/deactivation message correctly and will apply it but eNB decodes ACK as NACK and retransmits the message. 
Largely due to the very same ambiguity issue it was decided in RAN1 to dimension the ACK/NACK codebook size based on the number of configured, not activated, component carriers. There can be similar severe error cases due to ambiguity related to multiplexing of CQI corresponding to multiple CCs on PUCCH and PUSCH. In the following we discuss the error cases and propose means to mitigate them. 
Ambiguity related to CC activation / deactivation with Periodic CSI reporting
In the typical case when periodic CSI reports are transmitted on PUCCH there seems to be little need for any special measures. If the UE assumes a given SCell is activated when it is not, it only sends a redundant CSI report on PUCCH. The eNodeB can perform DTX detection (simply energy detection) on the known PUCCH resources if necessary. The same applies also in the opposite case when the UE has missed the SCell activation command: the UE simply does not send reports when expected. 
A more problematic scenario occurs when there is a simultaneous PUSCH allocation at the periodic CSI reporting time instance. In this case the eNodeB would be forced to perform the CQI DTX detection from the data resources, which is considerably more complicated and would required blind decoding of UCI and/or data – a functionality that is currently not required for the eNodeBs. In this case it may make sense to send always a report for the configured CC, activated or not. The incurring overhead is anyway quite minor. When the UE assumes a given SCell is deactivated it will according to RAN2 decisions not perform CSI measurement on that CC. Instead, we propose the UE to indicate the assumption on deactivation to the eNodeB by sending OOR (Out-of range) instead of CSI measurement result. This would also help the eNodeB in identifying the potential errors in MAC (de-)activation, hence resolving the ambiguity issue completely. 
Proposal 2: When periodic CSI reports are sent on PUSCH, transmit the report for a configured CC when scheduled regardless of the activation/deactivation state. For the CCs the UE assumes to be deactivated the report contains CQI index “0” for the 1st CW.
Ambiguity related to CC activation / deactivation with Aperiodic CSI reporting

The ambiguity related to the CC MAC activation/deactivations needs to be considered also with Aperiodic CSI reporting. If the eNodeB and the UE have different understanding of the number of activated SCells, severe error cases may arise (CSI payload assumed by the UE could be incorrect leading to erroneous detection of both CSI and data). These error cases can be easily mitigated by reporting the Aperiodic CSI for the triggered CCs always according to the number of configured CCs regardless of whether they are activated or not. The UE can indicate to the eNodeB it assumes a given CC is deactivated by sending an OOR instead of the CSI measurement result. This would resolve any issues with timing uncertainty related to MAC activation of CCs. 
Proposal 3: When Aperiodic CSI reports are sent, transmit the report for the triggered CCs always according to the number of configured CCs. For the CCs the UE assumes to be deactivated the report contains CQI index “0” for each of the CQIs of the 1st CW.

3.
Conclusions
In this contribution, we discussed the impact of CC activation/deactivation errors and the related ambiguity on CSI reporting. The ambiguity can cause severe issues, which fortunately can be easily mitigated by always providing CSI for a configured CC when scheduled to do so. To be specific, we propose:
Proposal 1: If the UE has stopped CSI measurements after receiving the deactivation command in subframe n, it shall report CQI index “0” (Out-of-Range) at least until subframe n+x.
Proposal 2: When periodic CSI reports are sent on PUSCH, transmit the report for a configured CC when scheduled regardless of the activation/deactivation state. For the CCs the UE assumes to be deactivated the report contains CQI index “0” for the 1st CW.

Proposal 3: When Aperiodic CSI reports are sent, transmit the report for the triggered CCs always according to the number of configured CCs. For the CCs the UE assumes to be deactivated the report contains CQI index “0” for each of the CQIs of the 1st CW.
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