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Discussion and Decision
1. Introduction
Due to the support of 32 CCs in eCA, UCI payload is expected to increase significantly. Herein we discuss some further potential enhancements for UCI transmission in eCA.   
2. Discussion
The transmission of UCI (ACK/NAK and CSI) can be in the form of PUSCH or PUCCH. When UCI is piggybacked on PUSCH, there is a limitation on the number of symbols that can be used for ACK/NAK and RI/PTI. In particular, on a per slot basis, up to 2 symbols can be used for ACK/NAK and up to 2 symbols can be used for RI/PTI. Under small payload of ACK/NAK, such limitation is reasonable. However, when the payload size for ACK/NAK is large (tens of bits or more than 100 bits), given the tight performance requirement for ACK/NAK, it is questionable whether such a limitation is still valid or not. 
In order to understand better the potential limitation of ACK/NAK multiplexed on PUSCH, simulations were performed. A 2-RB assignment was considered, where the 128-bit ACK/NAK occupies the entire 4-symbols in the symbols right next to the DM-RS symbol, using ETU3 channel model. Various PUSCH MCS indices were simulated, representing different coding rates and modulation orders for PUSCH. Assuming 1% BLER for ACK/NAK, it can be observed that the require4d SNR is roughly 10dB. However, assuming 10% initial BLER for PUSCH,

· For MCS 8 and MCS 12, the required SNR is close to 9dB and 11dB, respectively, which is generally still consistent with that of ACK/NAK

· For MCS 2 and MCS 6, the required SNR for PUSCH is well below 10dB (~4dB and ~6dB, respectively). This implies that a maximum 4-symbol ACK/NAK is not sufficient to achieve an operation point similar to that for PUSCH. Indeed, at 4dB SNR, while PUSCH with MCS 4 can achieve 10% initial BLER, the corresponding ACK/NAK BLER is >20%

· For MCS 9 and 14, the operating point for PUSCH is much larger than 10dB. This implies that the fixed 4-symbol ACK/NAK can be reduced in the amount of resources such that more resources may be allocated back to PUSCH.

Figure 1
ACK/NAK vs. PUSCH performance under 4-symbol limitation for ACK/NAK on PUSCH
It is understood that the operating point of the initial BLER for PUSCH is more of an implementation issue. However, when the operating point for ACK/NAK is completely off, there is no benefit at all to still transmit ACK/NAK as the UE originally detects. Such a case may be because of a false alarm as well. 

On the other hand, it is necessary to define a condition under which the operating point for ACK/NAK can be considered as abnormal. One possible example is to compare the computed number of REs for ACK/NAK based on the existing formula using the assignments and the related RRC parameters, and compare it against the available REs in the 4-symbols of the corresponding PUSCH. If the former is significantly larger than the latter, it may be a good indication of a problematic situation. 
In order to address such a problematic solution, one may consider treat the entire assignment as a false alarm. Alternatively, it may be possible for the UE to drop the ACK/NAK transmission. It may also be possible to increase the number of symbols for ACK/NAK to more than 4 symbols in some cases.
As a result, we propose:

· Proposal 1: For UCI (particularly ACK/NAK) piggybacking on PUSCH, RAN1 to conclude how to address some problematic cases especially when ACK/NAK performance can’t be guaranteed.

3. Conclusion
Based on the discussion presented in the paper, we propose the following: 
· Proposal 1: For UCI (particularly ACK/NAK) piggybacking on PUSCH, RAN1 to conclude how to address some problematic cases especially when ACK/NAK performance can’t be guaranteed.
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