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1 Introduction

In the RAN1#87 meeting the following conclusions on sPUCCH formats are achieved:
	Agreements:
· At least the following formats should be designed for sPUCCH:

· For sPUCCH supporting up to 2-bit HARQ-ACK and/or SR (if any)

· DMRS based demodulation for 7-symbol sTTI

· FFS on the formats and DMRS design for 2-symbol sTTI

· For sPUCCH supporting more than 2-bit HARQ-ACK and SR (if any)

· DMRS based demodulation for all sTTI lengths

· FFS on encoding methods
· FFS on sPUCCH with channel selection for up to 4-bit HARQ-ACK.

· FFS on support of frequency hopping


In this contribution, the design of frequency hopping format for sPUCCH is discussed.
2 Discussion
2.1 2-symbol sPUCCH

As discussed in [3], for 2-symbol PUCCH, a simple structure is shown in Figure 1, following the existing principle that one symbol is PUCCH DMRS and the other symbol is control part of PUCCH. To keep the single carrier property in UL, intra-TTI hopping cannot be configured for 2-symbol sPUCCH. However, the coverage of 2-symbol sPUCCH may be reduced. Therefore the 2-symbol TTI can only be configured for UEs in cell center. 
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Figure 1  2-symbol PUCCH structure 
For a 2-symbol TTI sPUCCH, because there is only one DMRS symbol in every sTTI, the reduction in coverage is inevitable and may become worse when practical channel estimation is considered. The structure of 2-symbol sPUCCH and the methods to enhance the performance of 2-symbol sPUCCH should be further studied.

Observation 1: The structure of 2-symbol sPUCCH and the methods to enhance the performance of 2-symbol sPUCCH should be further studied.

2.2 7-symbol  sPUCCH

In case of 7-symbol sTTI, intra-TTI frequency hopping should be supported for sPUCCH as discussed in [1]. As shown in Figure 2, the hopping is applied between “short slots” hence maintaining frequency diversity similarly as the legacy PUCCH formats.
Considering the existence of SRS mechanism in LTE system, the hopping over the two frequencies of the 7-symbol sTTI sPUCCH should be performed after three symbols. A [3,4] mapping can provide a more symmetrical structure over the two bands in case that the last symbol of the second slot can be occupied by SRS. So a [3,4] mapping over the two frequencies of the 7-symbol sTTI sPUCCH should be considered . 
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Figure 2 7-symbol sPUCCH structure with intra-TTI frequency hopping
It was agreed that the following sPUCCH formats are recommended to be supported:
· One sPUCCH format for HARQ-ACK and/or SR feedback for a serving cell

· sPUCCH format(s) for multiple HARQ-ACK bits

In order to adapt to the above formats, following different configurations based on the proposed frequency hopping slot structure are defined:
· In the first format, only 1 or 2 HARQ-ACK bits and/or 1 SR bit are transmitted, therefore 7-symbol sPUCCH can be designed based on PUCCH format 1/1a/1b. An example is shown in Figure 2(a). There is one DMRS symbol in the 3-symbols “short slots” , and  two DMRS symbols in the 4-symbols   “short slots”, the remaining four symbols are data symbols.
· In the second format, more UCI bits are needed to be transmitted, this case leads to less DMRS symbols in the 4-symbols “short slots”, as shown in Figure 2(b).
Proposal 1: The intra-TTI frequency hopping should be considered in 7-symbol sPUCCH.
Proposal 2: A [3,4] mapping over the two frequencies of the 7-symbol sTTI sPUCCH should be considered.
3 Conclusion

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

Observation 1: The structure of 2-symbol sPUCCH and the methods to enhance the performance of 2-symbol sPUCCH should be further studied.

Proposal 1: The intra-TTI frequency hopping should be considered in 7-symbol sPUCCH.

Proposal 2: A [3,4] mapping over the two frequencies of the 7-symbol sTTI sPUCCH should be considered.
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