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1 Introduction

In RAN2 #73bis meeting, the LS on CSI reporting and SCell deactivation [1] was sent to RAN1. It was mentioned on CSI reporting for the deactivated SCell in the liaison 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.
In this contribution, the analysis is provided on the necessity of filling dummy contents. In addition, the resource allocation for the CSI of deactivated SCell is discussed. 
2 Discussion
As defined in [2], MAC signalling is used to activate/deactivate SCell, and the UE shall not report CQI/PMI/RI for the SCell for each TTI if the SCell is deactivated.
However, as described in [3] and [4], SCell activation/deactivation would bring ambiguity between UE and eNB on which SCell is activated if HARQ-ACK feedback for the PDSCH containing the MAC (de)activation signalling is mis-detected by the eNB. For example, when ACK(ACK/DTX  (with probability of 1%) occurs to the HARQ-ACK feedback for the PDSCH containing MAC activation signalling, the SCell(s) would be activated from the UE point of view but deactivated from the eNB point of view. Similarly, When NACK(ACK occurs (with probability of 0.1%) to the HARQ-NACK feedback for PDSCH containing the MAC activation signalling, the SCell(s) would be deactivated from the UE point of view but activated from the eNB point of view. 
Considering that the SCell activation/deactivation occurs infrequently, and the probability of mis-detection of HARQ-ACK is as low as 1%, the ambiguity of SCell activation/deactivation occurs even less frequently. 
For CSI reporting, the ambiguity brought by SCell activation/deactivation would result in decoding the CSI information and/or data incorrectly. Thus, whether to report CSI for the deactivated SCells with dummy contents is considered. In the following sections, we provide analysis on the possible options for CSI reporting and evaluate whether dummy contents for CSI reporting for deactivated SCell are needed.
2.1 CSI reporting on PUSCH

For CSI reporting on PUSCH, there are three possible options for determining the resource and reporting contents.
Option 1: Contents and resource based on configured set, dummy contents for deactivated SCell
With option 1, the resource for CSI reporting is based on the configured serving cell set, and thus the multiplexed data is not affected by SCell activation/deactivation.

For the deactivated SCell, dummy contents (e.g. OOR, out of range for CQI) are used. 
The main disadvantage of this option is that the resource for the deactivated SCell is always consumed by dummy bits which do not contain useful information. So the performance of the system is always penalized when the activated set is smaller than the configured set. For example, if the SCell is deactivated for a UE configured with 2 serving cells, half of the CSI resource is wasted, assuming the same CSI overhead for the 2 serving cells.
Pros:

· No impact on CSI detection and data decoding caused by SCell activation/deactivation ambiguity.
Cons:

· Big penalty on the system performance when the activated set is smaller than the configured set.

Option 2: Contents based on activated set, resource based on configured set,
In option 2, the resource for CSI reporting is based on the configured serving cell set, and thus the multiplexed data is not affected by SCell activation/deactivation.
The reporting contents are determined based on the activated serving cell set, which means dummy contents for deactivated SCell are not used. 
Since the reporting contents are based on the activated serving cell set, the resource for the deactivated serving cell is used for the CSI bits associated with activated serving cell, thus coding benefit can be achieved for the CSI reporting when the activated set is smaller than the configured set. For example, if the SCell is deactivated for a UE configured with 2 serving cells, about 3dB performance gain is expected, assuming the same CSI overhead for the 2 serving cells.

For option 2, there may be ambiguity of the reporting contents caused by SCell activation/deactivation ambiguity which can be left to implementation. It is possible that no special design is needed in implementation considering the low probability of the ambiguity, blind decoding of the CSI reporting contents can also be considered.
Pros:

· Coding benefit for CSI reporting when the activated set is smaller than the configured set.
Cons:

· Mis-detection of CSI reporting caused by SCell activation/deactivation ambiguity.

Option 3: Contents and resource based on activated set
The third option is that both the resource for CSI on PUSCH and reporting contents are determined based on the activated serving cell set. 
When the activated set is smaller than the configured set, the resource allocated to CSI is reduced compared to option 1 and option 2, which results in higher data rate. 
When there is ambiguity of SCell activation/deactivation, there may be ambiguity in the resource and the content of CSI reporting, which may cause mis-detection of CSI and mis-detection of the multiplexed data; both can be left to implementation. Similar to option 2, it is possible that no special design is needed in implementation considering the low probability of the ambiguity and blind decoding of the CSI reporting can be considered 
Pros:

· Higher data rate when the activated set is smaller than the configured set.
Cons:

· Mis-detection of CSI reporting caused by SCell activation/deactivation ambiguity.

· Mis-detection of the multiplexed data caused by SCell activation/deactivation ambiguity.
Option 2 and 3 are clearly preferred by weighing the pros and cons:

Comparing the above three options, the same condition applies to the Pros of option1 and to the Cons of option 2/3, i.e, when the ambiguity of SCell activation/deactivation occurs. In addition, the same condition applies to the Cons of option1 and the Pros of option 2/3, i.e., when the activated set is smaller than the configured set. It has been analyzed that the probability of the ambiguity is very low and the consequence caused by the ambiguity can be handled by implementation. Thus, option 2 and 3 are clearly preferred. 
For periodic CSI reporting, as defined in [5], the UE transmits a CSI report of only one serving cell in any given subframe, which means that only periodic CSI reporting for one activated serving cell or one deactivated serving cell will be transmitted on PUSCH. For the case that only periodic CSI reporting for a deactivated serving cell needs to be transmitted on PUSCH, no content is to be reported but the resource is reserved in option 2, thus option 2 is not applicable for periodic CSI reporting. Therefore, option 3 is preferred for periodic CSI reporting.  

For aperiodic CSI reporting, as defined in [5], aperiodic CSI report would be triggered for a set of serving cells configured by higher layers by a positive CSI trigger. When the set of serving cells configured by higher layers includes both activated serving cells and deactivated serving cells, the coding benefits for the aperiodic CSI bits for activated serving cells can be obtained in option 2, and the gain would be significant considering that the number of aperiodic CSI bits for each configured serving cell is usually large. In addition, it is feasible and reliable to solve the reporting contents ambiguity issue by implementation, since convolutional coding with CRC is used for channel coding of aperiodic CSI. Therefore, option 2 is preferred for aperiodic CSI reporting.
2.2 CSI reporting on PUCCH

For CSI reporting on PUCCH, the following conclusions were agreed in RAN1 #63bis and #64 meeting:

· Periodic CQI/PMI/RI is reported for only one DL component carrier (CC) in one subframe [6]
· For which DL CC is determined according to a priority
· Prioritise between CCs based on reporting type [7]
· 1st (=Top) priority: Types 3, 5, 6, 2a

· 2nd priority: Types 2, 2b, 2c, 4

· 3rd priority: Types 1, 1a
Considering the SCell activation/deactivation, there are two possible options for CSI reporting on PUCCH. It is noted that the PUCCH resource of CSI reporting is allocated to all the configured cells by RRC signalling, regardless the deactivation of the SCell.
Option 1: Based on configured set, dummy contents for deactivated SCell
In this option, periodic CSI reporting is based on the configured CC set and the dummy contents are reported for the deactivated SCell. 

When the CSI reporting of more than one serving cell collide in the same subframe, it is possible that the deactivated serving cell is selected due to higher priority of its configured CSI reporting type (and configured higher CC priority). In such case, the CSI reporting for the activated cell is dropped, dummy contents (e.g. OOR, out of range) are reported and the power is wasted.
Even if there is no collision for CSI reporting between the activated cell and the deactivated cell in the same subframe, reporting dummy bits for the deactivated cell would happen in this option and it will result in power waste. Moreover, it will decrease the performance of the CSI reporting from other UEs multiplexed in the same RB.
Pros:

· No reporting content ambiguity caused by SCell activation/deactivation ambiguity.
Cons:

· Power waste when the activated set is smaller than the configured set. 
· Performance penalty on the CSI reporting when the activated set is smaller than the configured set.
Option 2: Based on activated set
In this option, periodic CSI is reported only for the activated CC set.  No dummy bit is filled and reported for deactivated serving cell.
With option 2, when the CSI reporting of more than one serving cell collide in the same subframe, no deactivated cell would be selected for CSI reporting. However, it is possible that the eNB and the UE have different understanding on which cell is selected due to SCell activation/deactivation ambiguity, i.e. the reporting content ambiguity.
Pros:

· Better utilization of the power when the activated set is smaller than the configured set.
· No performance penalty on the CSI reporting when the activated set is smaller than the configured set. 
Cons:

· Reporting content ambiguity caused by SCell activation/deactivation ambiguity.

Considering that the ambiguity would happen infrequently, option 2 is preferred.
3 Conclusions
In this contribution, we discussed whether to report CSI by filling dummy bit for deactivated SCells and analyzed the possible options. Based on the discussion above, 
· It is preferred not to include the deactivated SCell in the CSI report. I.e., no dummy contents for the deactivated SCell are included in the report.

· It is preferred to allocate the resource on PUSCH to periodic CSI reporting based on the activated CC set.
· It is slightly preferred to allocate the resource on PUSCH to aperiodic CSI reporting based on the configured CC set.
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