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1. Introduction
In RAN1-61bis, the following was agreed on periodic CQI feedback with carrier aggregation in Rel-10: 

Agreed as baseline:

· For periodic CQI/PMI/RI reporting for CA, at least configuration of different (in time) PUCCH resources for reports for each CC is supported. 

· Additional possibilities are FFS until RAN1#62.

While configuring periodic CQI reporting of different CCs in different subframes is an easy extension of the corresponding Rel-8 scheme, it is either requires longer reporting cycle over all CCs or higher reporting overhead. In this contribution, we discuss additional schemes for periodic CQI reporting in Rel-10 CA. 
2. Periodic CQI feedback with CA
Figure 1 shows an example of Rel-8 periodic CQI reporting on PUCCH, where the periodicity is 10 ms. The periodicity of CQI on PUCCH shall be configured mainly based on the UE velocity. Figure 2 and Figure 3 shows two possible corresponding periodic CQI configurations on PUCCH in Rel-10 CA.
Figure 2 uses the same set of subframes for periodic CQI reporting as Figure 1. Hence, with the support of multiple carriers, the CQI reporting periodicity of each individual carrier is larger than that in Figure 1. Consequently, the CQI reporting is more likely to be out-dated and less accurate. In case N (e.g. N = 5) DL carriers are configured, the periodic CQI reporting on each carrier is N times larger than that in Rel-8, which is expected to significantly degrade the DL throughput.

Figure 3 maintains the same periodicity as that in Figure 1, on a per CC basis. Hence, it is expected that from each carrier perspective, the periodic CQI reporting is equivalent to Rel-8. The corresponding DL spectral efficiency can also be similar to Rel-8 on each carrier. On the other hand, the number of subframes used for periodic CQI reporting is N times more than that of Rel-8, where N is the number of carriers. It is further noted that PUCCH can only be transmitted on the UL PCC, which is also used to transmit other UCIs, including ACK/NAK and SR. The transmission methods for different combinations of UCI on PUCCH are discussed in [1]. Typically, transmission of ACK/NAK and SR is of higher priority than CQI on PUCCH. One possibility is to drop periodic CQI in case of collision with ACK/NAK and/or SR on PUCCH. This approach however greatly reduces the availability of periodic CQI at eNB. It is noted that periodic CQI are critical in application other than DL scheduling. For example, wideband periodic CQI can be used as an indication of DL geometry, for the purpose of PDCCH scheduling. Hence, it is not desirable to excessively drop periodic CQI on PUCCH. It is further noted that aperiodic CQI can also be transmitted on PUSCH. This approach, on the other hand, increases the UL overhead since aperiodic CQI on PUSCH does not support UE multiplexing with time domain CDM.
In [2] – [3], it is proposed that periodic CQI reporting of multiple carriers in one subframe shall be supported in Rel-10. This would overcome the drawbacks of large CQI reporting periodicity of Figure 1 and higher UL overhead of Figure 2. In RAN1 61bis, a new transmission scheme based on DFT-S-OFDM is supported for ACK/NAK multiplexing with CA in Rel-10. The number of coded bits with DFT-S-OFDM can be up to 48 and 5 UEs can be multiplexed in the same PUCCH PRB, assuming 2 reference signal symbols and 5 data symbols per slot. Hence, it is preferable to support periodic CQI reporting of multiple carriers in one subframe by the same DFT-S-OFDM structured in Rel-10. More detailed analysis and link level performance are included in [2].
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Figure 1: Configuration of Rel-8 periodic CQI reporting
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Figure 2: Configuration of Rel-10 periodic CQI reporting
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Figure 3: Configuration of Rel-10 periodic CQI reporting
3. Conclusions

In this contribution, we discuss periodic CQI reporting in Rel-10 CA, with the following proposal:

· It is supported in Rel-10 CA to feed back periodic CQI for multiple component carriers within a single subframe
· The agreed DFT-S-OFDM scheme for Rel-10 ACK/NAK multiplexing can be reused
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