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1 Introduction

In RAN#72, the new work item for shortened TTI and processing time for LTE was approved [1]. Regarding the shortened TTI, the updated WID was approved in RAN#73 [2]. The objectives of shortened TTI are as below.

	For Frame structure type 1: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH 

· Specify support for a transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 

· Down-selection is not precluded

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

For Frame structure type 2: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 1-slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)


This contribution considers the design aspect of sPUCCH formats.
2 Discussions 
In followings, the remaining issues for sPUCCH design are discussed. Those were also discussed through the email discussion of [90-09].

· Issue 1: HARQ-ACK bundling 
When {2,7} sTTI length combination is configured for DL and UL, HARQ-ACK bundling is not necessary. For 2/3OS sTTI, since there is only one CW supported, the size of payload of HARQ-ACK can be small enough for large coverage. Another case is when sPUCCH and PUCCH/PUSCH are collided. In this case, HARQ-ACK for PDSCH may be transmitted in sPUCCH according to the discussion. However, HARQ-ACK bundling across different TTI length would bring some issues due to possibly different use case or requirement of 1ms TTI and sTTI. 
Proposal 1: Do not support HARQ-ACK bundling when {2,7} is configured and HARQ-ACK bundling across different TTI length. 
· Issue 2: PF4-based 2-OS sPUCCH format carrying more than 2 bits ACK/NACK and SR
Legacy LTE adopts different channel coding for UCI according to the payload size. Similar approach can be used for PF4-based 2-OS sPUCCH. Specifically, UCI with up to 11 bits is coded with single RM, UCI with 12-22 bits is coded with dual RM, and UCI with more than 22 bits is coded with TBCC. There is no difference between 1ms TTI and sTTI in selection of channel coding scheme according to payload size. Therefore, the same approach can be adopted with legacy LTE.
Proposal 2: UCI with up to 11 bits is coded with single RM, UCI with 12-22 bits is coded with dual RM, and UCI with more than 22 bits is coded with TBCC.
3 Conclusions
In this contribution, the aspect of sPUCCH design is discussed. It can be summarized as below. 
Proposal 1: Do not support HARQ-ACK bundling when {2,7} is configured and HARQ-ACK bundling across different TTI length.
Proposal 2: UCI with up to 11 bits is coded with single RM, UCI with 12-22 bits is coded with dual RM, and UCI with more than 22 bits is coded with TBCC.
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