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1 Introduction

In the RAN1#88 meeting the following conclusions on 1-slot sPUCCH formats are achieved[1]:
	Agreements:
· Intra-sTTI frequency hopping is supported for at least one slot-based sPUCCH format
· No intra-sTTI frequency hopping is supported for at least one slot-based sPUCCH format

· No dynamic switch between intra-sTTI frequency hopping and no intra-sTTI frequency hopping for the same slot-based sPUCCH format

· FFS: whether the same slot-based sPUCCH format can support both intra-sTTI frequency hopping and no intra-sTTI frequency hopping



In this contribution, the design of frequency hopping and no frequency hopping format for 1-slot sPUCCH is discussed.
2 Discussion
The following sPUCCH formats were agreed to support DMRS based demodulation for 7-symbol sTTI[2]:
· One sPUCCH format for up to 2-bit HARQ-ACK and SR(if any) feedback for a serving cell

· sPUCCH format(s) for more than 2-bit HARQ-ACK and SR(if any)
In order to adapt to the above formats, two different sPUCCH formats can be defined. One format can support up to 2 bits HARQ-ACK bits with SR, and the other format can support multi-bit transmission. 
For the case without frequency hopping, to avoid the unnecessary specification complexity, the signal structure for 1-slot sPUCCH should reuse the form of the legacy 1-slot PUCCH design. For sPUCCH format 1 supporting up to 2 bits, it is beneficial to reuse existing PUCCH format 1 designs as much as possible. And for multi-bit sPUCCH format 2, the signal structure of existing PUCCH format 2 can de directly reused.

For the case of frequency hopping, it is better to define the frequency hopping mode based on the signal structure discussed above for the case without frequency hopping.

Observation 1: The signal structure for 1-slot sPUCCH should reuse the form of the legacy 1-slot PUCCH design.

Observation 2: Same slot-based sPUCCH format should be defined to support both intra-sTTI frequency hopping and no intra-sTTI frequency hopping.

Following two different structures for 1-slot sPUCCH are defined:

1-slot sPUCCH format 1 for small payload size
For sPUCCH format 1, only 1 or 2 HARQ-ACK bits and/or 1 SR bit are transmitted,  where 1-slot sPUCCH can simply reuse the one slot structure of PUCCH format 1. However, such structure is not suitable for frequency hopping case because that the DMRS symbols will be all on the side of the “short slots”. An improved  example is shown in Figure 1. Symbols #1, #2 and #5 are DMRS symbols, and the remaining four symbols are data symbols. For the frequency hopping case, there are two DMRS symbols in the first 4-symbols “short slots”, and one DMRS symbol in the second 3-symbols “short slots”, and the DMRS symbols are both in the middle of the “short slots”.
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Figure 1 1-slot sPUCCH structure for small payload size
Proposal 1: The one slot structure of legacy PUCCH format 1 can be reused for 1-slot sPUCCH format 1, and the DMRS symbol positions should be adjusted to symbols #1, #2, and #5.
1-slot sPUCCH format 2 for large payload size
For sPUCCH format 2, the one slot structure of PUCCH format 2 can be directly reused for 1-slot sPUCCH without intra-sTTI frequency hopping . Such structure is also suitable for the case with intra-sTTI frequency hopping, as shown in Figure 2.
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Figure 2 1-slot sPUCCH structure for large payload size
Proposal 2: The one slot structure of legacy PUCCH format 2 should be reused for 1-slot sPUCCH format 2.
Proposal 3: A [4, 3] mapping over two frequencies of 1-slot sTTI sPUCCH should be considered for intra-sTTI frequency hopping case for both sPUCCH formats.
3 Conclusion

In this paper, we discuss the design of frequency hopping format for sPUCCH and give our proposal:

Observation 1: The signal structure for 1-slot sPUCCH should mostly reuse the form of the legacy 1-slot PUCCH design.

Observation 2: Same slot-based sPUCCH format should be defined to support both intra-sTTI frequency hopping and no intra-sTTI frequency hopping.

Proposal 1: The one slot structure of legacy PUCCH format 1 can be reused for 1-slot sPUCCH format 1, and the DMRS symbol positions should be adjusted to symbols #1, #2, and #5.
Proposal 2: The one slot structure of legacy PUCCH format 2 should be reused for 1-slot sPUCCH format 2.
Proposal 3: A [4, 3] mapping over the two frequencies of the 1-slot sTTI sPUCCH should be considered for intra-sTTI frequency hopping case for both sPUCCH formats.
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