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Introduction
In the RAN1#84bis meeting, the following working assumption was agreed on the latency reduction study item [1].
	Working Assumption: 
· 1-OFDM-symbol sTTI length will not be further studied



In this contribution, we discuss channel design of shortened PUCCH.
Discussions
Shortened PUCCH length
[bookmark: OLE_LINK1]For latency reduction of DL transmission, reduction of RTT may be dominant. A main motivation to introduce shortened PDSCH is realizing for reduction of processing time for decoding as well as the time for receiving whole PDSCH symbols. In this sense, the shorter TTI length such as 2 OFDM symbols requires less processing for decoding and less receiving duration. Given that 2-symbol sPDSCH is adopted, the percentage of the time required for HARQ-ACK feedback within a single RTT cycle comes to be higher. Hence, reduction of the time duration for PUCCH transmission is also important for DL latency reduction. Moreover, HARQ-ACK bit size is much smaller than normal transport block size, and thus the processing time for the HARQ-ACK decoding at eNB side is not a big problem. Therefore, support of 2-symbol sPUCCH is beneficial for DL latency reduction.
For latency reduction of UL transmission, fast SR notification from UE to eNB is important. The faster SR transmission requires shorter SR resource periodicity. The 2-symbol sPUCCH is useful for realizing such a shorter SR resource periodicity. Therefore, support of 2-symbol sPUCCH is beneficial for UL latency reduction.
Proposal 1:
· 2-symbol sPUCCH should be supported.

2-symbol sPUCCH design
[bookmark: _GoBack]So far, several designs for 2-symbol sPUCCH have been proposed. 
· Option 1: One symbol for HARQ-ACK bit and the other one for DMRS.
· [bookmark: _Hlk450728172]Option 2: HARQ-ACK bit and DMRS multiplexing within one symbol.
· Option 2-A: Different cyclic shift values for HARQ-ACK bit and DMRS.
· Option 2-B: DMRS sequence tied to HARQ-ACK information.
Option 1 follows the existing principle that HARQ-ACK bit and DMRS are mapped on different symbols [2]. Meanwhile, Option 2 requires some new method to multiplex HARQ-ACK bit and DMRS in the same symbol. Option 2 can be further classified in terms of multiplexing schemes. In Option 2-A, Different cyclic shift values are used for HARQ-ACK bit and DMRS so as to multiplex them in code domain [3]. In Option 2-B, the UE determines DMRS sequence based on HARQ-ACK information, and the eNB blindly detects the DMRS sequence so that it acquires the HARQ-ACK information [4]. There could be some other sub-options (i.e. other schemes of HARQ-ACK bit and DMRS multiplexing within one symbol) which can be categorized as Option 2. These options can apply to HARQ-ACK/SR case as well.
Option 1 may be the simplest solution and does not cause the higher PAPR/CM or the complexity due to blind detections. In contrast to the legacy PUCCH, however, frequency hopping may not be applicable. Option 2-A and 2-B are compatible with the frequency hopping, since the first and second symbols could be mapped in different frequencies. On the other hand, PAPR/CM of Option 2-A becomes higher than the legacy PUCCH, and it may cause coverage loss. Option 2-B requires blind detection at the eNB side, which may cause error performance degradation as well as higher complexity.
Proposal 2:
· The following options for 2-symbol sPUCCH design should be considered: 
· Option 1: One symbol for HARQ-ACK bit and the other one for DMRS;
· Option 2: HARQ-ACK bit and DMRS multiplexing within one symbol.

Conclusion
In this contribution, we have the following observations and proposals:
Proposal 1:
· 2-symbol sPUCCH should be supported.
Proposal 2:
· The following options for 2-symbol sPUCCH design should be considered: 
· Option 1: One symbol for HARQ-ACK bit and the other one for DMRS;
· Option 2: HARQ-ACK bit and DMRS multiplexing within one symbol.
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