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Introduction
A new WI was agreed at RAN #66 plenary meeting to support LTE carrier aggregation beyond 5 carriers in Rel-13 [1]. In RAN1#82bis meeting, enhancement on UCI transmission on PUSCH was discussed and it was agreed that: 
· For a Rel-13 UE, two beta offsets can be configured for HARQ-ACK transmission on a PUSCH 
· One beta offset (i.e. the existing RRC parameter) is applied when up to x HARQ-ACK bits are transmitted on PUSCH in a subframe  
· The other beta offset (i.e. a new RRC parameter) is applied when more than x HARQ-ACK bits are transmitted on PUSCH in a subframe 
· x = 22 if it is decided that there is no CRC for up to 22 HARQ-ACK bits, and x is FFS if it is decided to include a CRC
· Values of the new beta offset parameter FFS. 
In this contribution, we discuss the remaining details of UCI transmission on PUSCH for up to 32 DL component carriers. 
Discussion
Coding and RE mapping 
In Rel-12, when UCI is multiplexed with UL-SCH data, different types of UCI, i.e. CQI/PMI, HARQ-ACK, and RI are separately encoded and mapped to different REs.  In Rel-13, the same encoding and mapping scheme can be reused without performance loss, complexity increase or specification impacts.
Regarding the RE mapping of HARQ-ACK, there are some discussions on utilizing more SC-FDMA symbols for larger payload size due to aggregation of more DL carriers. However, this option can result in excessive puncturing on PUSCH which affects the data transmissions on PUSCH. In addition, it has specification and implementation impacts due to the changes on RE mapping. On the other hand, it has been agreed to use a second beta offset for large number of HARQ-ACK bits, the RE mapping of HARQ-ACK can be optimized using a smaller value of beta offset and hence there is less motivation to increase the symbols for HARQ-ACK. Besides, the piggyback of large number of HARQ-ACK bits on PUSCH can be largely handled by eNB scheduling. Therefore, it seems that it is not necessary to modify the current RE mapping in Rel-12.
Proposal:
· Use separate encoding of different UCI types on PUSCH. 
· Reuse the Rel-12 RE mapping for UCI on PUSCH.
It is agreed that 8-bit CRC is added for HARQ-ACK above 23 bits. With the increase of HARQ-ACK bits in Rel-13, the overhead introduced by CRC can be insignificant. Therefore, adding 8-bit CRC improves the link performance and additionally it could facilitate the DTX detection of HARQ-ACK at eNB. However, 8-bit CRC for less than 23-bit HARQ-ACK is a big overhead and results in extra puncturing on PUSCH which degrades the performance of PUSCH data transmission. Therefore, it is proposed that no CRC is added for up to 22 HARQ-ACK bits on PUSCH.
Proposal:
· No CRC is added for up to 22 HARQ-ACK bits on PUSCH.
UCI only on PUSCH
In RAN1#82bis meeting, it was agreed that the number of CSI processes in each CSI set is increased from 5 to 32. Therefore, it is desirable to enhance the aperiodic CSI transmission on PUSCH without UL-SCH data. The current design for aperiodic CSI-only on PUSCH is limited to QPSK and maximum 20 PRBs and therefore potentially excessive code rate for the CSI payload can be caused by the increased CSI payload due to multiple CSI reports.
It was discussed in RAN1#82bis to increase the maximum number of PUSCH PRBs for aperiodic CSI on PUSCH without UL-SCH data. On the other hand, it could be beneficial to have no PUSCH PRB restriction for CSI-only on PUSCH, as it is unclear what benefits would be by introducing such a restriction. 
Proposal:
· No PUSCH PRBs restriction for aperiodic CSI-only on PUSCH.
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In this contribution we discussed HARQ-ACK on PUSCH to support carrier aggregation with up to 32 carriers. The above discussion is summarized with the following observations and proposals:
Proposal:
· Use separate encoding of different UCI types on PUSCH. 
· Reuse the Rel-12 RE mapping for UCI on PUSCH.
· No CRC is added for up to 22 HARQ-ACK bits on PUSCH.
· No PUSCH PRBs restriction for aperiodic CSI-only on PUSCH.
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