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1 Introduction

Enhancements for Carrier Aggregation (CA) to support up to 32 cells were endorsed in [1]. In general, due to the significant high number of aggregated cells, the amount of CSI feedback will be linearly increased. In RAN1#81 meeting, the following agreements/working assumptions were made,
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 

In a companion contribution [2], various candidates for a new PUCCH format to support such large payload size are discussed and we propose to adopt Rel-12 PUSCH structure for this new PUCCH format. If there is only single UCI type, it is straightforward that it is encoded and mapped to all available REs in the new PUCCH format. Otherwise, if multiple UCI types collide in the same subframe, we discuss the channel coding and RE mapping scheme in the following sections. 
2 Channel coding
When multiple UCI types collide in the same frame, 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) 

Separate coding

The different UCI types can have different BLER requirements. For example, the target BLER for HARQ-ACK can be lower than for CQI/PMI. Separate coding allows separate determination for the number of required REs according to the BLER target of each UCI type. Further, as discussion in [3], if turbo coding is used to exploit the coding gain for total CSI payload sizes above ~130-140 bits, HARQ-ACK bits should be separately coded by TBCC to maintain a low decoding latency. Another benefit for separate coding is to have a common UCI multiplexing framework using the new PUCCH format as with UCI on PUSCH. As discussed in [2], it is preferable that the new PUCCH format re-uses the Rel-12 PUSCH structure. 
If exactly following the scheme for UCI on PUSCH, it applies separate coding on HARQ-ACK, RI and CQI/PMI respectively. However, if treating all P-CSI as a whole, no matter it is RI only, CQI/PMI only or both, it could be considered to do separate coding for HARQ-ACK and P-CSI respectively. 
Joint coding

Joint coding can maximize coding gains (and hence reduce power and improve spectral efficiency) in case a same BLER target is applicable for HARQ-ACK and CSI. It also leads to the simplest implementation as there is no differentiation or special handling among UCI types. 
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: Both separate coding and joint coding of UCI types are supported. Details are FFS. 
3 RE mapping
Assuming that the new PUCCH format has 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 could be used. 

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 the new PUCCH format. If there are multiple, separately encoded, UCI types in a subframe, a method for rate matching for each UCI type is needed.

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. Then, one alternative is to transmit both UCI types, HARQ-ACK and P-CSI, on both resources (PRBs) of the new PUCCH format. If the PRBs for the two resources are adjacent/non-adjacent, the result is a UCI-only single/multi-cluster PUSCH transmission. 
Another alternative is to select one PUCCH resource for UCI transmission. This can be applicable when multi-cluster PUSCH is not supported, or when the UE is power limited, or when only one of the two PUCCHs for HARQ-ACK and P-CSI uses a Rel-12 PUCCH format. When only one PUCCH uses the new PUCCH format while the other PUCCH uses PUCCH Format 2 or PUCCH Format 3, the new PUCCH format can be selected for UCI transmission due to its higher multiplexing capacity. Moreover, the PUCCH resource for P-CSI and for HARQ-ACK may be the same if the eNB configures as one of the possible HARQ-ACK resources to be the P-CSI resource. Also, HARQ-ACK and A-CSI need to be mapped in a single PUSCH in case of a UCI-only PUSCH. Therefore, HARQ-ACK and CSI mapping in general and HARQ-ACK and P-CSI mapping in particular on a single PUSCH (or PUCCH with the Rel-12 PUSCH structure) has to be supported.

Several options are subsequently considered for rate matching of coded symbols for each UCI type in case of separate coding. 

Option 1: 
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based method
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 
[image: image7.wmf]PUSCH

symb

N

is the number of SC-FDMA symbols in the current PUSCH transmission sub-frame.

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 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 is reported. To have a single formula cover all the cases, it is impossible to set a hard threshold for a UCI type. 
To overcome above issues, an alternative way is to directly divide code symbols of new PUCCH format based on the bit number and 
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of each UCI type. E.g. the number of coded symbols for HARQ-ACK could be determined as,
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By proper configuration
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, each UCI type gets its allocated coded symbols with formula (2). 
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 is the scheduled bandwidth for one or two PUCCH channels with new PUCCH format, and 
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is the number of SC-FDMA symbols in the current subframe excluding those used by SRS if existed.
Option 2: PUCCH resource based method
When HARQ-ACK and P-CSI collide in the same subframe, the UE can have two available PUCCH resources for the new PUCCH format. When HARQ-ACK and P-CSI are transmitted on the PRBs of both PUCCH resources, the number of coded symbols for a UCI type can equal to the number of coded symbols in the respective PUCCH resource for the UCI type. The method is simple and it is especially suitable when the UCI types have similar BLER requirements. However, when the BLER targets are different, the UE transmission power has to be set according to the UCI type with higher BLER target and then some power may be wasted. 
Further, If only one PUCCH channel with new PUCCH format, Option 1 i.e. 
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 based method could be used to divide coded symbols. Alternatively, fall back to joint coding of all UCI types can also be considered. 
Proposal 2: In case of separate coding of UCI types, whether to use a single or multiple resources of a new PUCCH format can be configurable by RRC signaling. When a single resource is used, RE mapping for each UCI type can be based on the 
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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: Both separate coding and joint coding of UCI types are supported. Details are FFS. 
Proposal 2: In case of separate coding of UCI types, whether to use a single or multiple resources of a new PUCCH format can be configurable by RRC signaling. When a single resource is used, RE mapping for each UCI type can be based on the 
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