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1. Introduction

A UE configured for carrier aggregation (CA) is not expected to perform CQI measurements on a deactivated cell. On the other hand periodic CSI reporting is configured by RRC signaling making it unclear what the UE reports for a deactivated secondary cell (SCell). This uncertainty also occurs for aperiodic CSI reporting when one or more inactive CCs are contained in a bundle indicated by a positive CSI trigger. A related scenario is the subject of a RAN2 LS [1], where at SCell activation, valid CQI reports are expected from the UE only after an initialization period. Furthermore, during activation/deactivation the eNB and UE may be misaligned in their respective assumptions on the number of activated CCs due to, e.g. missed acknowledgment of the MAC activation/deactivation command. This document discusses CSI reporting content at SCell activation and for the case of eNB-UE ambiguity during SCell activation/deactivation.

2. Discussion
There are different scenarios where a UE may not have a valid CSI report. These include SCell activation where the UE is expected to start reporting CQI in subframe n+8 in response to activation in subframe n [1]. It also includes eNB-UE ambiguity during SCell activation/deactivation. 
For periodic CSI reported on PUCCH the eNB does not have to monitor for a CSI report if the UE wrongly assumes that the CC is active. In contrast, if the eNB assumes that a CC is active whereas the UE assumes it is inactive the eNB by DTX detection can determine that the UE did not transmit the periodic CSI report. 

However, when there is a scheduled PUSCH transmission on a periodic CSI transmission opportunity, it is more difficult for the eNB to determine if the UE multiplexed CSI and UL-SCH data on the PUSCH. Furthermore, an aperiodic CSI trigger can be configured for CSI reporting for multiple CCs, some of which may be inactive when the trigger is sent. Two options to solve these issues include:

1) Option 1: Transmit dummy bits for deactivated CCs in order to maintain a constant UCI-data multiplexing ratio on PUSCH [2], [3]. Since all the CQI/PMI and RI codewords are valid one solution is as follows:

a. CQI/PMI report: for a 4-bit wideband or sub-band CQI report select the all-zero codeword which maps to CQI index 0 in Table 7.2.3-1 of 36.213. 
i. If the previously reported rank before CC deactivation was greater than 1 and e.g. PUCCH Mode 1-1 and Type 2 reporting are configured then the UE shall also report spatial differential CQI. In this case select the all-zero codeword in Table 7.2-2 in 36.213. 
ii. The associated PMI bits can be discarded by the eNB since the CQI report is invalid.

b. RI report: if rank is to be reported after CC deactivation, report rank 1.
2) Option 2: create CSI values outside of the current range of 0-15 [4]. While this method would solve the problem it means additional specification since the current maximum sub-band CQI size is 4 bits. 

One issue, which was mentioned in [4] for Option 1 is that when the UE reports CQI index 0 (out of range) the eNB cannot distinguish between poor channel conditions and a deactivated SCell at the UE. It should be noted that this uncertainty period is on the order of 8ms for SCell activation as described in the RAN2 LS, which is smaller than the duration of a deep fade for a low speed UE. On the other hand the eNB-UE ambiguity due to e.g. missed MAC activation/deactivation may take longer to resolve by HARQ retransmissions of the MAC control element. Nevertheless, the expected probability of a missed MAC control element is small enough that optimization is unnecessary for this use case. Therefore, our preference would be Option 1.
3. Conclusions

This contribution studied the content of a CSI report on PUSCH for a deactivated SCell. It is recommended that the UE generates dummy bits for each deactivated SCell as follows:
· CQI/PMI report: for a 4-bit wideband or sub-band CQI report select the all-zero codeword which maps to CQI index 0 in Table 7.2.3-1 of 36.213. 

· If the previously reported rank before CC deactivation was greater than 1 and e.g. PUCCH Mode 1-1 and Type 2 reporting are configured then the UE shall also report spatial differential CQI. In this case select the all-zero codeword in Table 7.2-2 in 36.213. 

· The associated PMI bits can be discarded by the eNB since the CQI report is invalid.

· RI report: if rank is to be reported after CC deactivation, report rank 1.
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