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1	Introduction
One way to ensure the reliability of the UL control channel is to reduce the payload size. Besides assuming a single-CW for the LTE-URLLC as already considered in the sTTI design, prioritizing the UL control transmission corresponding to the LTE-URLLC over UCI of 1ms TTI operation can be considered. In particular, when the 1ms TTI needs to be dropped due to UL collision, its HARQ-ACK bits are not piggybacked on the URLLC channels. 
[bookmark: _Hlk506501990][bookmark: p3][bookmark: b]Proposal 1: Prioritize the UL channels associated with the LTE-URLLC over those of the longer TTIs or different operations.
In general, the required reliability for the UL control channel should be specified in conjunction with the design/reliability of the DL control and data channels. Although at this stage, the required BLER is not determined, in the remainder of this paper, we show via link-level evaluations that using some entries of the SPUCCH format 1a/1b for channel estimation can considerably improve the NAK-to-ACK error probability. 
2	SPUCCH FMT 1a/1b Performance Evaluation
We consider the performance of the sub-slot SPUCCH format 1a/1b under the following two detection schemes:
1. Non-coherent detection, i.e., the correlation-based scheme is used.
2. Coherent detection, where the identical entries of the UL sequences are used for channel estimation. 

For the coherent detection, the cyclic shift indices are 0 and 6. Hence, assuming that the base sequence is , the ACK can be sent via  and NAK can be sent via  the identical entries can therefore be used as pilots for channel estimation. The similar approach can be taken when 2bits of HARQ-ACK should be reported. 
The link-level performance is compared in terms of (1) ACK error probability, and (2) NAK-to-ACK error probability. To obtain the results, a TDL-C channel with delay spread of 363ns, and UE speed of 3Kmph is considered. 2Rx antennas at the eNB, and 1Tx antenna at the UE is assumed.
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Figure 1: ACK error and NAK->ACK error probability for SPUCCH format 1a.
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Figure 2: ACK error and NAK->ACK error probability for SPUCCH format 1b.

Observation 1: For a 1-bit HARQ-ACK, the ACK error probability is almost identical with both coherent and non-coherent detection schemes. However, the coherent approach provides almost 5dB gain over the non-coherent approach at the NAK-to-ACK probability of 1e-4.
Observation 2: For a 2-bit HARQ-ACK, the coherent detection scheme provides almost 1dB gain at Ack error of 1e-2. Also, the coherent approach provides almost 4.5dB gain over the non-coherent approach at the NAK-to-ACK probability of 1e-4.
Observation 3: The coherent detection scheme significantly reduces the NAK-to-ACK error probability as compared to the non-coherent scheme funder both SPUCCH formats 1a and 1b.
[bookmark: _GoBack]3	Conclusions 
Proposal 1: Prioritize the UL channels associated with the LTE-URLLC over those of the longer TTIs or different operations. 
Observation 1: For a 1-bit HARQ-ACK, the ACK error probability is almost identical under both coherent and non-coherent detection schemes. However, the coherent approach provides almost 5dB gain over the non-coherent approach at the NAK-to-ACK probability of 1e-4.
Observation 2: For a 2-bit HARQ-ACK, the coherent detection scheme provides almost 1dB gain at ACK error probability of 1e-2. Also, the coherent approach provides almost 4.5dB gain over the non-coherent approach at the NAK-to-ACK probability of 1e-4.
Observation 3: The coherent detection scheme significantly reduces the NAK-to-ACK error probability as compared to the non-coherent scheme funder both SPUCCH formats 1a and 1b.
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