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1 Introduction
Due to the potentially large number of aggregated cells in CA, the amount of CSI feedback can linearly increase with the number of cells and become about an order of magnitude larger than in Rel-12 CA. The following were agreed in past meetings.
Agreements:
· The maximum HARQ-ACK codebook size in the uplink by one UE in one subframe for DL CA of up to 32 CCs is at least 128 bits
· In case of FDD PUCCH cell, the maximum HARQ-ACK codebook size is 64 bits

Agreements:
· For a PUCCH CG, At least the following enhancements to Periodic CSI reporting on PUCCH are specified in order to reduce periodic CSI report dropping probability

· Multiplexing of periodic CSI reports corresponding to multiple serving cells in a subframe 

· Multiplexing of periodic CSI reports corresponding to multiple serving cells with HARQ-ACK feedback in a subframe 

Agreements:
· New PUCCH format(s) for HARQ-ACK feedback should be introduced in Rel-13 CA
· Specify at least one new PUCCH format:
· PUSCH-like PUCCH structure (without CDM for data/control symbols)
· Working assumption: One DMRS per slot
· FFS: Two DMRS per slot (normal CP)
· Frequency hopping between slots
· FFS: Whether /when FH is applicable
· With at least one PRB per slot
· FFS: Coded bits-to-RE mapping 
Agreements:
· The PUCCH format with PUSCH-like structure can be used to carry
· P-CSIs for multiple serving cells
· FFS: P-CSIs for multiple serving cells and HARQ-ACK for at least  one serving cell
·  FFS: PUCCH format 3 can be used to carry multiple P-CSIs for multiple serving cells for payload size less than 23 bits
This contribution discusses multiplexing of periodic CSI reports and HARQ-ACK feedback.
2 Multiplexing of periodic CSI reports and HARQ-ACK feedback
In legacy CA, a P-CSI report is transmitted using PUCCH format 2/2a/2b, or P-CSI report is jointly encoded with HARQ-ACK in PUCCH format 3. When multiple P-CSIs and HARQ-ACK collide in the same subframe, P-CSI report is dropped.
When HARQ-ACK and P-CSI collide in the same subframe, a UE can have two available PUCCH resources with new PUCCH format. One resource is semi-statically configured to carry P-CSI and the other is dynamically assigned for HARQ-ACK transmission by the ARI field in DCI formats.

In legacy CA, if P-CSI and HARQ-ACK collide in a subframe, P-CSI report can be multiplexed with  HARQ-ACK in the PUCCH resource dynamically assigned for HARQ-ACK (PUCCH Format 3) or in the PUCCH resource configured for P-CSI report (PUCCH Format 2a/2b in case the UE detects a DL DCI format only for the PCell). The same principle can apply for the case of the new PUCCH format. However, since the number of P-CSI bits and the number of HARQ-ACK bits can be large, if both the HARQ-ACK bits and CSI bits are to be multiplexed in one PUCCH resource, it is highly likely that P-CSI will have to be dropped. 
To avoid (practically always) dropping P-CSI reports for multiple cells when a UE needs to transmit both HARQ-ACK and P-CSI, one approach is to transmit HARQ-ACK and P-CSI in the respective  PUCCHs as shown in Figure 1 in case of separate coding or in both resources in case of joint coding. However, separate DFT precoders are used, this causes increased PAPR.
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 Figure 1: HARQ-ACK feedback and P-CSI reports are transmitted in separate PUCCHs
In Rel-10, clustered DFT-S-OFDM supporting up to two clusters of PRBs was introduced for PUSCH transmissions (including UCI-only PUSCH). For the new PUCCH format, the existing specifications on clustered DFT-S-OFDM can be re-used to transmit HARQ-ACK and P-CSI as in Figure 2. Therefore, PRBs of one PUCCH resource are one cluster. PAPR remains low level as a single DFT precoding is performed as in Rel-10. In addition, when the PRBs for HARQ-ACK and P-CSI are adjacent, a single-cluster transmission applies. 
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Figure 2: HARQ-ACK and P-CSI reports are transmitted in both resources with clustered DFT-S-OFDM
Proposal 1: A UE uses the PRBs allocated to both HARQ-ACK and P-CSI to transmit HARQ-ACK and P-CSI.
As the UE may not always be capable to transmit both HARQ-ACK and P-CSI using both respective resources, some additional considerations can apply. For example, a UE can be located indoors and be power limited for transmitting large UCI payloads in the PUCCH of a macro-cell. 
· If the UE can transmit HARQ-ACK and P-CSI payloads in both allocated PUCCH resources, the UE can transmit HARQ-ACK and P-CSI on both resources. 
· When the PUCCH resources correspond to different PUCCH formats, two alternatives exist. The first alternative is for the UE to transmit both HARQ-ACK and P-CSI on both resources for the different PUCCH formats – this is similar to supporting simultaneous PUSCH and PUCCH transmissions. The second alternative is to transmit only in a single PUCCH resource (similar to not supporting simultaneous PUSCH and PUCCH transmissions) and the PUCCH resource and PUCCH format is selected based on the total number of UCI bits.  
· Otherwise, the UE only transmits HARQ-ACK and P-CSI payload in one PUCCH resource. Again, the PUCCH resource and PUCCH format are selected based on the total number of UCI bits.
Proposal 2: If a UE can transmit HARQ-ACK and P-CSI in both allocated PUCCH resources for the new PUCCH format, the UE transmits HARQ-ACK and P-CSI in both allocated PUCCH resources; otherwise, the UE transmits HARQ-ACK and P-CSI on one PUCCH resource and the PUCCH resource and PUCCH format are selected based on the total number of UCI bits. 

3 Conclusion
This contribution has studied multiplexing of periodic CSI reports and HARQ-ACK feedback in one subframe, and made the following proposals. 
Proposal 1: A UE uses the PRBs allocated to both HARQ-ACK and P-CSI to transmit HARQ-ACK and P-CSI.
Proposal 2: If a UE can transmit HARQ-ACK and P-CSI in both allocated PUCCH resources for the new PUCCH format, the UE transmits HARQ-ACK and P-CSI in both allocated PUCCH resources; otherwise, the UE transmits HARQ-ACK and P-CSI on one PUCCH resource and the PUCCH resource and PUCCH format are selected based on the total number of UCI bits. 
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