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1 Introduction

In RAN1 #80 meeting, mechanisms and enhancements to enable the LTE carrier aggregation of up to 32 component carriers for the DL and UL was discussed and identified. It was observed that enhancements on UCI transmission on PUSCH needs further study:
· Enhancements on UCI transmission on PUSCH

· Details FFS including but not limited to

· Supported payload size[s]

· Channel coding and resource element mapping

In this contribution, UCI on PUSCH for carrier aggregation enhancement beyond 5 carriers will be discussed.
2 HARQ-ACK transmission on PUSCH
In [1], the detailed design for PUSCH-like PUCCH to support large size of HARQ-ACK payload size is discussed and it is concluded that the PUSCH-like PUCCH format with multiple PRBs per slot could maximally support 319 bits HARQ-ACK transmission for Rel-13 CA. Then HARQ-ACK transmission with 319 bits on PUSCH should also be supported in eCA. 
 Proposal 1: HARQ-ACK transmission with 319 bits on PUSCH should be supported. 

3 Channel coding and resource element mapping for UCI on PUSCH
In the current specification, the number of modulation symbols for HARQ-ACK, RI, and CQI/PMI is determined by the high layer configured parameter[image: image1.wmf]ACK
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 bits HARQ-ACK, the number of coded modulation symbols 
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is calculated as below when there is UL-SCH data in the PUSCH and only one transport block is transmitted in the PUSCH:
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It is observed that for certain scheduled PUSCH transmission, the number of modulation symbols for HARQ-ACK is determined by the number of HARQ-ACK bits, the MCS for PUSCH, and the configured[image: image7.wmf]ACK
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. It is observed in [2] that it is hard to support DTX detection at the eNB side if the number of coded modulation symbols for HARQ-ACK is too small. Therefore, a larger [image: image8.wmf]ACK
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value is needed to get enough modulation symbols for the DTX detection when the number of HARQ-ACK bits is small. However, such [image: image9.wmf]ACK
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 enlarging is not needed when the number of HARQ-ACK bits is large since enough number of modulation symbols for DTX detection is available. Besides, CRC would be included when more than 22 HARQ-ACK/SR bits is transmitted on PUSCH. With the CRC attached, the DTX detection problem with more than 22 HARQ-ACK bits could be basically resolved. Moreover, the large [image: image10.wmf]ACK
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will result in the performance degradation of data on PUSCH because that data is always punctured by HARQ-ACK modulation symbols.
Considering that the HARQ-ACK codebook size based on the number of scheduled CCs/subframes fluctuate a lot subframe by subframe, two [image: image11.wmf]ACK
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 should be configured by high layer signalling to adapt the different HARQ-ACK codebook size. When codebook size is less than 23 bits, the large one of the two [image: image12.wmf]ACK
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 can be used; when codebook size is more than 22 bits , the small one of the two [image: image13.wmf]ACK
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 can be used.

Proposal 2: Configure two [image: image14.wmf]ACK
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 for HARQ-ACK transmission on PUSCH to adapt different HARQ-ACK codebook size.
When simultaneously transmitted on PUSCH, more than one type of UCI is encoded and allocated modulation symbols resources independently in the current specification. For more than 5 carrier aggregation, one concern to reuse the current design principle of channel coding and resource element mapping for UCI on PUSCH is 4 OFDM symbols resource may be not enough to accommodate the large payload size of HARQ-ACK. Therefore, there are multiple solutions to address this possible issue such as HARQ-ACK bundling, extending the maximum number of SC-FDMA symbols, allocating special RB(s) for HARQ-ACK transmission, allowing UCI piggyback over multiple PUSCHs, and etc.
However, the large payload size of HARQ-ACK corresponds to large number of DL carriers. For most of the cases in this scenario, the UL traffic load would be at the level that the allocated RBs for the PUSCH is enough to transmit the large payload size of HARQ-ACK on maximal 4 OFDM symbols of it.                       Moreover, the maximal 319 HARQ-ACK bits corresponds to the case of TDD system which the typical commercial deployment is with 8 RX antennas. With the multiple antennas receiving gain, smaller[image: image15.wmf]ACK
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, the increased required resources for the HARQ-ACK could be further under control. As a result, HARQ-ACK transmission on PUSCH could be operated with the current mechanism. 
Proposal 3: Reuse design principle of channel coding and resource element mapping for UCI transmission on PUSCH in the current specification.
4 Conclusions
In this contribution, UCI on PUSCH for carrier aggregation enhancement beyond 5 carriers is discussed and there are the following proposals:
Proposal 1: HARQ-ACK transmission with 319 bits on PUSCH should be supported. 
Proposal 2: Configure two [image: image16.wmf]ACK
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 for HARQ-ACK transmission on PUSCH to adapt different HARQ-ACK codebook size.
Proposal 3: Reuse design principle of channel coding and resource element mapping for UCI transmission on PUSCH in the current specification.
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