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1 Introduction

Due to the potentially large number of aggregated cells in CA, the amount of HARQ-ACK and 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 UE that transmits more than 22 HARQ-ACK/SR bits in a subframe in a CG on either PUCCH or PUSCH, 

· X-bit CRC is included in the HARQ-ACK transmission, X >= 8 

· Baseline X for evaluation purpose only: X=8

· Rel-8 TBCC and rate matching is used 

· FFS for a UE that transmits less than 23 HARQ-ACK/SR bits in a subframe in a CG on either PUCCH or PUSCH
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 
If there is only single UCI type, it is straightforward that the UCI is encoded and mapped to all available REs in the new PUCCH format. Otherwise, if multiple UCI types collide in the same subframe, channel coding and RE mapping scheme need to be further considered. 
2 Channel coding
When multiple UCI types need to be transmitted in the same subframe, either separate coding for each UCI type or joint coding of UCI types can be considered. Both alternatives are used in Rel-12 CA (e.g. joint coding of HARQ-ACK/SR and CSI using PUCCH Format 3, separate coding using PUSCH) 

Joint coding

Joint coding can maximize coding gains (and hence reduce power and improve spectral efficiency) in case a similar BLER target is applicable for HARQ-ACK and CSI. Only one CRC is required is joint coding applies on all UCIs. It also leads to the simplest implementation as there is no differentiation or special handling among UCI types. 
Separate coding

Different UCI types can potentially have significantly different BLER requirements. For example, the target BLER for HARQ-ACK can be ~1% and the target BLER for CQI/PMI can be ~10%. Separate coding allows separate determination for the number of required REs according to the BLER target of each UCI type. Further, if turbo coding is used for CSI payload sizes above ~130-140 bits, HARQ-ACK may need to be separately coded by TBCC to maintain a low decoding latency [3]. Another benefit of separate coding is a common UCI multiplexing framework using the new PUCCH format as with UCI on PUSCH, since the new PUCCH format also employs a PUSCH structure. 
Rel-12 multiplexing for UCI on PUSCH applies separate coding on HARQ-ACK, RI and CQI/PMI respectively. If treating all P-CSI (CQI/PMI and/or RI) as a whole, separate coding can apply on HARQ-ACK and P-CSI respectively. Further, since HARQ-ACK and RI normally have tighter performance target than CQI/PMI, we could consider to do joint coding of HARQ-ACK and RI, while a separate coding applies on CQI/PMI. 
Given that either joint coding or separate coding can be preferable depending on network considerations, either one can be supported by network configuration. 

Proposal 1: Consider support for both separate coding and joint coding of UCI types. 
3 RE mapping
For the new PUCCH format with the Rel-12 PUSCH structure, all SC-FDMA symbols can be used for UCI transmission. A time-first mapping order as defined for legacy PUSCH can be used. 

As discussed in [1], when HARQ-ACK and P-CSI collide in the same subframe, the PUCCH resource for UCI transmission may consist of all PRBs of both PUCCH resources allocated for HARQ-ACK and P-CSI, or may be just one PUCCH resource for either HARQ-ACK or P-CSI. 
3.1 Joint coding

If there is only one UCI type or if all UCI types are jointly encoded, it is straightforward to do the rate matching over all available REs of PUCCH resource. If there are multiple, separately encoded, UCI types in a subframe, a method for rate matching for each UCI type is needed.
3.2 With separate coding

For UCI on PUSCH (with or without uplink data), different coding rates for the UCI are achieved by adjusting the number of coded symbols for the UCI transmission. When the UE transmits HARQ-ACK bits or rank indicator bits, the UE determines the number of coded symbols 
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where 
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 is the number of ACK/NACK bits, or RI bits, 
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 is the number of CQI/PMI bits including CRC bits assuming rank equals to 1, 
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 is the scheduled bandwidth for PUSCH transmission in the current subframe expressed as a number of subcarriers in [2], and 
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In the above formula, it is logically assume all PUSCH resources are used by CQI/PMI bits, and then calculate coded symbol number which should be occupied by a UCI type based on ratio of 
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· For HARQ-ACK information, 
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· For RI, 
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Since the number of bits for RI is configured by higher layers, CQI/PMI is rate matched around the coded symbols occupied by RI. As to HARQ-ACK, its presence or not depending on detection of (E)PDCCH hence is not robust. To limit the impact of confusion case, the HARQ-ACK coded symbols will puncture CQI/PMI and even RI. 
However, it could be problematic if direct reusing the above scheme to HARQ-ACK plus P-CSI transmission on the new PUCCH format. In formula (1), the coded symbols carrying HARQ-ACK and RI is limited by term 
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, which is to guarantee there is room reserved for CQI/PMI. However, as discussed above, a UCI type should be mapped to all 
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coded symbols if only one UCI type (including HARQ-ACK only or RI only) is reported. When multiple UCIs are separated coded and transmitted, each UCI should have at least a certain number of REs allocated to maintain a reasonable coding rate. Therefore, it is impossible to set a hard threshold as 
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for a UCI type. 
To overcome above issues, a minimum number of REs should be calculated and guaranteed for each UCI simultaneously transmitted in a subframe. If the total number of available REs cannot carry all HARQ-ACK and P-CSI bits, part or all P-CSI bits are dropped until HARQ-ACK and remaining P-CSI can be transmitted. Following the existing terminology from Rel-12, the bit number and corresponding 
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for each UCI type could be used to in RE allocation. For example, assuming two UCI types are multiplexed in the PUCCH resource, the following procedure for can be considered. 
· Step 1: Calculate the minimum number of RE for UCI type 1, e.g. to meet a configured max. code rate A, denoted as 
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· Step 2: Calculate the minimum number of RE for UCI type 2, e.g. to meet a configured max. code rate B, denoted as 
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· Step 3: Calculate the RE number allocated to UCI type 1 directly based on 
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Proposal 2: In case of separate coding of UCI types, RE mapping for each UCI type can be based on the bit number and
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 values for each UCI type.
4 Conclusions
In this contribution, we discuss the channel coding when there are multiple UCI types in a subframe, and correspondingly discuss the method to derive the number of coded symbols for each UCI type in case separate coding is adopted. We make the following proposals. 

Proposal 1: Consider support for both separate coding and joint coding of UCI types. 
Proposal 2: In case of separate coding of UCI types, RE mapping for each UCI type can be based on the bit number and
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