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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#80 meeting, it was observed that enhancements on UCI transmission on PUSCH need to be considered: 
· 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, we discuss the enhancements to support HARQ transmission on PUSCH for up to 32 DL component carriers. 
Discussion
Due to aggregation of a large number of DL carriers, the number of HARQ-ACK bits increases significantly and can occupy many resources on PUSCH with current mechanism. Herein, we discuss several options to enhance the piggyback of more HARQ-ACK bits on PUSCH to support up to 32 carriers in Rel-13. 
One option is to utilize more SC-FDMA symbols for HARQ-ACK transmission, i.e., additional SC-FDMA symbols on PUSCH can be used for HARQ-ACK mapping in addition to current 4 symbols. However, this option can result in excessive puncturing on PUSCH which affects the data transmissions on PUSCH. In addition, it has large specification and implementation impacts due to the changes on RE mapping. 
Observation:	
· Usage of additional SC-FDMA symbols on PUSCH can result in excessive puncturing on PUSCH which affects PUSCH data transmission, and it has large specification and implementation impacts.

One other option is to rely on eNB scheduling. The increased payload size of HARQ-ACK is due to that there are a large number of aggregated DL carriers. In practice, a large number of carriers are aggregated and utilized mainly because there are large amount of DL traffic. Accordingly, by only considering the TCP-ACK for DL traffic, some amount of UL traffic can be expected. Therefore, with eNB scheduling of PUSCH on a number of PRBs, HARQ-ACK can be multiplexed on multiple PRBs.  
Observation:	
· The piggyback of large number of HARQ-ACK bits on PUSCH can be largely handled by eNB scheduling.

Another option is to optimize the HARQ-ACK RE mapping. In current mechanism, the number of coded modulation symbols per layer  for HARQ-ACK is calculated as follow:


One observation on above equation is that the number of REs for HARQ-ACK on PUSCH is based on the code rate assigned for PUSCH transmission and an offset parameter   configured by higher layer. The offset parameter  is essentially an offset between UCI and data spectral efficiency. In Rel-10, the purpose of the offset parameter is to account for the different BLER targets and encoding schemes of UCI and the PUSCH data transmission and therefore the range of offset values differs for HARQ-ACK, RI and CQI/PMI. Another observation is that with few HARQ-ACK bits, a large value of  is needed in order to perform accurate DTX detection by accumulating sufficient power. When the number of HARQ-ACK bits increases, the problem of performing DTX detection gets much relaxed as shown in [2]. In addition, CRC is agreed to be used for HARQ-ACK on PUSCH in Rel-13, thus the DTX detection is further relaxed as it is done utilizing CRC. Meanwhile, the CRC protection can ensure a better performance and hence a higher BLER target than Rel-10 can be used for HARQ-ACK with CRC protection. Therefore, when above equation with a fixed value of  is used to calculate the number of coded modulation symbols for UCI on PUSCH in Rel-10 and Rel-13, there is inefficient use of PUSCH resources due to excessive puncturing. Furthermore, TBCC is agreed to be applied for HARQ-ACK bits over 22 bits due to better link performance. Accordingly, the   used for HARQ-ACK RE mapping based on RM code in current mechanism is not optimized and a smaller value should be used.
Therefore, by optimizing the HARQ-ACK resource element mapping, i.e., using a smaller beta offset for a large number of HARQ-ACK bits with TBCC and CRC, the resource is better utilized with less puncturing on PUSCH and the link performance can be improved.  
Observation:	
· Smaller beta offset can be used for a large number of HARQ-ACK bits on PUSCH with CRC and TBCC in Rel-13 to ensure better resource utilization and improved link performance. 

Another option is to utilize all SC-FDMA symbols in the PRB(s) for HARQ-ACK transmission adjacent to PUSCH [3]. This approach is almost equivalent to simultaneous PUCCH and PUSCH transmission, especially with the new PUCCH format based on PUSCH-like design as proposed in [4]. Specifically, when there is large number of HARQ-ACK bits and limited PUSCH data (which is a corner case), one option is to configure simultaneous PUCCH and PUSCH transmission for the UE and transmit the HARQ-ACK on the PUCCH using the new format. This option can be applied if the HARQ-ACK payload size is large and the number of scheduled PUSCH PRBs is limited.
Observation:	
· It can be beneficial to configure simultaneous PUCCH and PUSCH transmission and transmit HARQ-ACK on new PUCCH format if the HARQ-ACK payload size is large and the number of scheduled PUSCH PRBs is limited (which is a corner case).

Based on above discussions and observations, below enhancements are proposed to support HARQ-ACK on PUSCH for up to 32 DL carriers:


[bookmark: _GoBack]Proposal:	
· Optimize the RE mapping of HARQ-ACK on PUSCH by using a smaller beta offset for a large number of HARQ-ACK bits on PUSCH with CRC and TBCC in Rel-13. 
Conclusion
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:
Observation:
· Usage of additional SC-FDMA symbols on PUSCH can result in excessive puncturing on PUSCH which affects PUSCH data transmission, and it has large specification and implementation impacts.
· The piggyback of large number of HARQ-ACK bits on PUSCH can be largely handled by eNB scheduling.
· Smaller beta offset can be used for a large number of HARQ-ACK bits on PUSCH with CRC and TBCC in Rel-13 to ensure better resource utilization and improved link performance. 
· It can be beneficial to configure simultaneous PUCCH and PUSCH transmission and transmit HARQ-ACK on new PUCCH format if the HARQ-ACK payload size is large and the number of scheduled PUSCH PRBs is limited (which is a corner case).
Proposal:	
· Optimize the RE mapping of HARQ-ACK on PUSCH by using a smaller beta offset for a large number of HARQ-ACK bits on PUSCH with CRC and TBCC in Rel-13. 
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