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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 codebook determination
In the current specification, when HARQ-ACK is transmitted on PUSCH, the codebook size is determined based on the number of configured CCs and the transmission mode, bundling window size in the CCs. It is observed in [1] that the number of carriers scheduled is usually subset of the number of carriers configured. As a result, HARQ-ACK codebook size determination base on the number of configured CCs would cause large PUCCH overhead especially when large number of CCs is configured. Therefore, it is proposed in [1] that HARQ-ACK codebook size is determined by the number of scheduled CCs/subframes when UEs are configured with more than 5 CCs. 
Similarly, the HARQ-ACK codebook size determination on PUSCH can also be considered when more than 5 CCs are configured to improve the performance of data on the PUSCH.
To handle the inconsistent HARQ-ACK codebook size determination at the eNB side and the UE side, accumulative DAI and total DAI were proposed to be included in the DL scheduling information in both FDD and TDD. In the current specification, the DAI field in the DCI format 0 and DCI format 4 for TDD represents the total number of subframes with PDSCH transmission. When the total DAI are included, it is worthy of consideration to use the DAI in the DCI format 0 and DCI format 4 for TDD for further enhancements for UL transmission.
Proposal 1: For HARQ-ACK on PUSCH,HARQ-ACK codebook size is determined by the number of scheduled CCs/subframes when UEs are configured with more than 5 CCs.
3 Channel coding and resource element mapping for UCI on PUSCH
In the current specification, more than one type of UCI is independently encoded when simultaneously transmitted on PUSCH. Different coding rates for each UCI type are achieved by allocating different number of modulation symbols. For more than 5 carrier aggregation, the current design principle of channel coding and resource element mapping for UCI transmission on PUSCH could be largely reused.
Proposal 2: Reuse design principle of channel coding and resource element mapping for UCI transmission on PUSCH in the current specification.

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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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, it is agreed in the previous meeting that 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. 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 fluctuates 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 3: Configure two [image: image14.wmf]ACK
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 for HARQ-ACK transmission on PUSCH to adapt different HARQ-ACK codebook size.

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: For HARQ-ACK on PUSCH,HARQ-ACK codebook size is determined by the number of scheduled CCs/subframes when UEs are configured with more than 5 CCs..
Proposal 2: Reuse design principle of channel coding and resource element mapping for UCI transmission on PUSCH in the current specification.

Proposal 3: Configure two [image: image15.wmf]ACK
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 for HARQ-ACK transmission on PUSCH to adapt different HARQ-ACK codebook size.
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