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1. Introduction

Carrier aggregation is supported up to 5 configured serving cells in LTE-A Rel-10. These cells may report HARQ-ACK as well as CSI on PUCCH but they are transmitted only on the PCell. If both HARQ-ACK and CSI are configured to be transmitted in the same subframe, collision handling depends on the existence of PUSCH and configuration of simultaneousPUCCH-PUSCH-r10. In CA, if simultaneousPUCCH-PUSCH-r10 is set to FALSE and there is no PUSCH transmission, only multi-CC HARQ-ACK is transmitted on PUCCH and periodic CSI reports are always dropped, even if simultaneousAckNackAndCQI is set to TRUE. As more configured serving cells are aggregated, its dropping will be occurred more frequently, and system performance will be degraded. Therefore, it is needed to transmit both multi-CC HARQ-ACK and CSI together in Rel-11.
In this contribution, in order to enhance uplink transmission in LTE-A Rel-11, we discuss on support of simultaneous HARQ-ACK and CSI transmission on PUCCH format 3.
2. Discussion
In LTE Rel-8, if both HARQ-ACK and periodic CSI are configured to be transmitted in the same subframe, and there is no PUSCH transmission, HARQ-ACK and periodic CSI are transmitted on PUCCH format 2a/2b for normal CP and PUCCH format 2 with joint coding for extended CP if simultaneousAckNackAndCQI is set to TRUE by higher layer; otherwise periodic CSI is dropped and only HARQ-ACK is transmitted on PUCCH format 1a/1b.
However, in LTE-A Rel-10 CA, if both HARQ-ACK and periodic CSI are configured to be transmitted in the same subframe, and simultaneousPUCCH-PUSCH-r10 is set to FALSE by higher layer and there is no PUSCH transmission, CSI is always dropped except fall-back cases of PUCCH format 3 (i.e., single PDSCH cases only on PCell with the first DL DAI value in a corresponding PDCCH or without corresponding PDCCH for TDD), even if simultaneousAckNackAndCQI is set to TRUE. As more configured serving cells are aggregated, dropping of CSI feedback will occur more frequently because periodic CSI reporting is defined independently for each configured serving cells. Frequently dropping of CSI would cause significant impact on DL scheduling and consequently DL throughput [3].
Therefore, to avoid DL throughput loss, it should be considered that simultaneous transmission of HARQ-ACK and CSI is introduced for enhancement of uplink transmission in LTE-A Rel-11. Since periodic CSI report for any cell has a maximum payload size of 11 bits in LTE-A Rel-10 and PUCCH format 3 can support up to 21 bits, it seems that the existing PUCCH format 3 can be a natural candidate for this purpose.
In case of FDD, all individual HARQ-ACK information (up to 10 bits) and CSI information (up to 11 bits) could be jointly transmitted without any other consideration like bundling, since maximum payload size of PUCCH format 3 (up to 21 bits) is enough. In case of TDD, however, compression of HARQ-ACK information (e.g., bundling) or compression/partial dropping of CSI information is needed and both methods may incur DL throughput loss. In this case, trade-off between HARQ-ACK compression and CSI acquisition should be investigated further from the DL throughput perspective.
Proposal #1: Simultaneous transmission of HARQ-ACK and periodic CSI on PUCCH format 3 is introduced for enhancement of uplink transmission in LTE-A Rel-11, when PUCCH format 3 is configured.
3. Multiplexing methods for simultaneous HARQ-ACK and CSI
Channel encoding with dual RM (32, O) block codes could accommodate at most 22 information bits for PUCCH format 3. Multiplexing HARQ-ACK and CSI on PUCCH format 3 would be a simple method to jointly deliver HARQ-ACK feedback and periodic CSI reporting. Multiplexing HARQ-ACK and CSI on PUCCH format 3 can be carried out in two possible ways:

· Alt 1: Joint coding of HARQ-ACK and periodic CSI payloads [2]
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· As shown in Figure 1, CSI bits are concatenated next to HARQ-ACK bits, and then the concatenated bits are evenly distributed into each encoder of dual RM encoder. Since the lower indexed RM basis sequences provide better protection property [4], the first prioritized mapping of HARQ-ACK bits will be beneficial to the decoding performance of HARQ-ACK bits.
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Figure 1. Example of joint coding method

· Alt 2: Separate coding for HARQ-ACK and periodic CSI payloads [1] [5][6]
· HARQ-ACK bits and CSI bits are encoded into each RM encoder, separately. The input bits of an encoder are always consists for only one UCI type as HARQ-ACK bits or CSI bits (excluding SR bit). Further control for output bits of each encoder would be possible considering the performance requirements for each UCI.
Joint coding and separate coding approach are both simple to be achieved in sense of decoding complexity. However, HARQ-ACK and CSI reports have different performance requirement and the performance gap between HARQ-ACK and CSI reports should be ensured [7]. In that point of view, separate coding may be more preferable to efficiently reflect each performance requirement. We exemplify two options to consider different requirements for each UCI type.
· Opt 1 : Separate effective coding rates for separate weights [1]
In LTE-A Rel-10, each RM encoder for PUCCH format 3 has a fixed number of encoded bits as 24 bits. In other words, effective coding rate including rate matching is adjusted to match the fixed number of encoded bits regardless of number of information bits. To efficiently control both UCI types with different requirements, as shown in Figure 2 (a), it can be slightly modified to number of encoded bits can be vary. With offset, τ, HARQ-ACK and CSI could be controlled to has different effective coding rates according to the different performance requirements. Selection or configuration methods for the offset should be investigated further. 
· Opt 2 : Separate mapping with separate weights
In LTE-A Rel-10, the outputs of each RM encoder for PUCCH format 3 concatenated as vector-level for parallel-to-serial conversion. Then, the modulation symbol can be distinguished between each output of encoder. One possible way to control them would be that each modulation group from each RM encoder applies different power. However, it would result in high PAPR since the constant envelop before DFT does not hold. 
Therefore, to maintain constant envelop before DFT precoder and to control both UCI types with different requirements, as shown in Figure 2  REF _Ref308271305 \h 
 \* MERGEFORMAT (b), parallel-to-serial converter can be slightly modified to bit-level from vector-level REF _Ref308271305 \h 
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. Then, real part (or MSB) and imaginary part (or LSB) of QPSK modulated symbol are mapped to the output of first and second RM encoder, respectively. For examples, HARQ-ACK information consists of the real parts of QPSK modulated symbols and CSI information does the imaginary parts of QPSK modulated symbols. Then, separate weight can be applied in between real part (α) and imaginary part (β), separately. Selection or configuration methods for the weights should be investigated further. With Opt 2, time/frequency diversity gain can be naturally obtained because each UCI information is transmitted through both slots.
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Figure 2. Examples of separate coding methods
Proposal #2: Separate coding should be considered for simultaneous transmission of HARQ-ACK and periodic CSI so that the independent control for each UCI is possible according to each requirement.
4. Conclusion

This contribution discussed the necessity of simultaneous HARQ-ACK and CSI transmission in Rel-11 and multiplexing methods on PUCCH format 3. As a conclusion, we propose the following;
Proposal #1: Simultaneous transmission of HARQ-ACK and periodic CSI on PUCCH format 3 is introduced for enhancement of uplink transmission in LTE-A Rel-11, when PUCCH format 3 is configured.
Proposal #2: Separate coding should be considered for simultaneous transmission of HARQ-ACK and periodic CSI so that the independent control for each UCI is possible according to each requirement.
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