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Discussion and decision
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.
2 Discussions 
In RAN1#87, the following about sPUCCH were agreed.
	· 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 following, intra-sTTI frequency hopping for sPUCCH is discussed. 
Frequency hopping


Frequency hopping is a tool to obtain frequency diversity so that the transmitted data can be less probable to be in deep fading. That is one of the reasons that the legacy LTE PUCCH adopts frequency hopping in a slot level. 

Similarly, for sPUCCH, frequency hopping may be considered to get more frequency diversity for reliable transmission of UCI. Figure 1 shows examples for a slot sTTI sPUCCH designs. Two options show the cases according to the adoption of intra-sTTI frequency hopping, respectively. It seems that frequency diversity can be easily obtained by using frequency hopping. However, the reverse side of frequency hopping is a detrimental effect on channel estimation. The number of RS in sPUCCH for channel estimation naturally decreases when adopting frequency hopping. If the channel estimation is enforced to preserve the estimation performance regardless of frequency hopping, more SC-FDMA symbols are required to transmit RS so that effective code rate of UCI increases. 
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(a) slot TTI sPUCCH without frequency hopping (b) slot TTI sPUCCH with frequency hopping

(c) 3/4-symbol TTI sPUCCH without frequency hopping


Figure 1. Examples of slot sTTI sPUCCH
Therefore, it would be recommended that frequency hopping is not used for 2symbol sTTI. For slot sTTI, BLER consider performance should be seen when channel estimation performance are similarly given regardless of frequency hopping. 

Proposal 1: Do not adopt frequency hopping for 2symbol sTTI. FFS for slot sTTI. 
3 Conclusions
In this contribution, the aspect of sPUSCH is discussed. It can be summarized as below. 
Proposal 1: Do not adopt frequency hopping for 2symbol sTTI. FFS for slot sTTI.
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