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1. Introduction

In Rel-10 with CA (Carrier Aggregation), it has been agreed that simultaneous HARQ-ACK and CSI transmission is opportunistically supported according to HARQ-ACK condition. In this contribution, in order to enhance periodic CSI report in Rel-11 with CA, we discuss support of simultaneous multi-cell HARQ-ACK and CSI transmission, especially in case of 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(i.e. simultaneousAckNackAndCQI is set TRUE) and there is no PUSCH transmission, HARQ-ACK and periodic CSI are transmitted on PUCCH format 2/2a/2b. Thus, periodic CSI can be multiplexed with HARQ-ACK on PUCCH without dropping.

However, in Rel-10 CA, even if both HARQ-ACK and periodic CSI are configured to be transmitted in the same subframe, only multi-cell HARQ-ACK is transmitted on PUCCH and periodic CSI report is dropped when a PDSCH is received on Scell and there is no PUSCH transmission. CSI can be transmitted on PUCCH format 2/2a/2b with HARQ-ACK for a single PDSCH on Pcell only. As more cells are aggregated, CSI report will be dropped more frequently because there could be more frequent scheduling on Scells. Frequent dropping of CSI would cause significant impact on DL scheduling and consequently DL throughput [2].
Therefore, in order to avoid DL throughput loss, simultaneous transmission of multi-cell HARQ-ACK and single-cell CSI (survived from multi-cell CSIs if collision happens) should be introduced for enhancement of uplink transmission in Rel-11. Since periodic CSI report for any cell has a maximum payload size of 11 bits in Rel-10 and PUCCH format 3 can support up to 21 bits, it seems that the existing PUCCH format 3 is 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. For the case of A/N+SR+CSI, PUCCH format 3 with dual RM can be easily extended up to 22 bits in Rel-11. In some case of TDD, however, compression of HARQ-ACK information (e.g., bundling) or compression/partial dropping of CSI information may be 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 multi-cell HARQ-ACK and single-cell periodic CSI on PUCCH format 3 should be introduced for enhancement of uplink transmission in LTE-A Rel-11.
In addition, periodic transmission of multi-cell CSI is another consideration for avoiding DL throughput loss, which is discussed more in the contribution [8]. Anyhow, multi-cell HARQ-ACK and single-cell periodic CSI on PUCCH format 3 should be considered as separate mode or independent configuration from periodic transmission of multi-cell CSI, since the suitable container (PUCCH or PUSCH) and application scenarios will be different for each case.
Proposal#2: Simultaneous transmission of multi-cell HARQ-ACK and single-cell periodic CSI on PUCCH format 3 is independently configured from periodic transmission of multi-cell CSI.

3. Resources for simultaneous HARQ-ACK and single-cell CSI
Figure 1 illustrates how to implement simultaneous transmission of multi-cell HARQ-ACK and single-cell CSI. The required PUCCH formats (figure 1(a)) and resource occupations according to the UCI combinations (figure 1(b)) are same as Rel-10 and the only remaining work is how to multiplex the multi-cell HARQ-ACK and single-cell CSI on PUCCH format 3 reserved for multi-cell HARQ-ACK transmission in Rel-10.
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Figure 1: Multiplexing HARQ-ACK and CSI on PUCCH formats
4. Multiplexing methods for simultaneous HARQ-ACK and single-cell CSI on PUCCH format 3
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 report. 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 [1]

 REF _Ref308265031 \n \h 
 \* MERGEFORMAT [2]
As shown in Figure 2, 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 [3], the first prioritized mapping of HARQ-ACK bits will be beneficial to the decoding performance of HARQ-ACK bits. The existing PUCCH format 3 coding chain can be reused without modification.
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Figure 2: Example of joint coding method

· Alt 2: Separate coding for HARQ-ACK and periodic CSI payloads [4]

 REF _Ref308265037 \n \h 
 \* MERGEFORMAT [5]

 REF _Ref308265037 \n \h 
 \* MERGEFORMAT [6]
HARQ-ACK bits and CSI bits are encoded by each RM encoder, separately. The input bits into the encoders are separated by the UCI types. Further control such as adaptive rate matching and RE assignments for output bits of each encoder is performed in order to balance the code rate of each UCI according to performance requirements for each UCI. Thus, it is necessary to modify the existing PUCCH format 3 coding chain (e.g. input/output bit interleaver, RE assignment and mapping).
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Figure 3: Example of separate coding method

Both joint coding and separate coding approaches are simple in sense of decoding complexity. However, HARQ-ACK and CSI report have different performance requirement and the performance requirement of HARQ-ACK should be ensured. With joint coding approach, the performance of CSI report will be almost same as that of HARQ-ACK. Thus, redundant performance increase of CSI report will cause more power consumption and reduced cell coverage. On the other hand, with separate coding approach, the performance of each UCI can be controlled. In that point of view, separate coding is more preferable to efficiently reflect each performance requirement. However, selective configuration between separated coding and joint coding can be considered due to the performance reason or inevitable situation (i.e. number of HARQ-ACK is more than 11 bits in TDD), which is discussed more in the contribution [9].
Proposal#3: 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.
5. Conclusion
This contribution discussed the necessity of simultaneous multi-cell HARQ-ACK and CSI transmission in Rel-11 and multiplexing methods on PUCCH format 3. As a conclusion, we propose as follows;
Proposal#1: Simultaneous transmission of multi-cell HARQ-ACK and single-cell periodic CSI on PUCCH format 3 should be introduced for enhancement of uplink transmission in LTE-A Rel-11.
Proposal#2: Simultaneous transmission of multi-cell HARQ-ACK and single-cell periodic CSI on PUCCH format 3 is independently configured from periodic transmission of multi-cell CSI.

Proposal#3: 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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