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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 and RAN1#88, 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

sPUCCH format for small payload size
· For up to 2-bit ACK/NACK and SR (if any), the 2-symbol sPUCCH format is down-selected between

· Option 1: sequence based

· Option 1a: ACK/NACK are indicated by different combinations of cyclic shifts on symbols, with the cyclic shifts on all symbols in each combination are NOT all the same.

· Option 1b: ACK/NACK are indicated by different cyclic shifts, with the same cyclic shift on all symbols.

· Option 2: DMRS based

· Option 2a:  TDM of 1 DMRS symbol and 1 or 2 data symbols

· Option 2b: DMRS sequence and data sequence are transmitted on the same symbol with different cyclic shifts.

sPUCCH format for large payload size
· For sPUCCH carrying more than 2-bit ACK/NACK and SR (if any) in 2os/3os sTTI, sPUCCH format based on PUCCH format 4 is supported 

· QPSK is used;

· No frequency hopping within a sPUCCH

· No sequence spreading on data symbol(s)

· One UL DMRS symbol

· FFS: Reuse the legacy UL DMRS design for PUCCH format 4

· FFS: The location of the UL DMRS symbol

· FFS: Variable number of PRB(s) is configured by higher layer signaling.

· FFS on whether IFDMA is used

Frequency-hopping in slot sPUCCH
· 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 following, the remaining issues are discussed. 
2-symbol sPUCCH format 


For small payload size, i.e., up to 2-bit HARQ-ACK and/or SR, four options were discussed in RAN1#88 as shown above. To decide the sPUCCH format among these options, BLER performance should be compared. Since multiplexing capacity is one of the important factors, how many UE can be multiplexed in the same PRBs, i.e., the possible number of UEs to be multiplexed should be considered.

For large payload size, UL DMRS pattern of sPUSCH can be reused. Also, UL DMRS can be shared by adopting IFDMA approach. 
Proposal 1: For small payload size, BLER performance and the possible number of UEs to be multiplexed should be considered for 2-symbol sPUCCH format.
Proposal 2: For large payload size, UL DMRS of sPUSCH is reused. 
Slot sPUCCH format 
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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

Frequency hopping as shown in Figure 1 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. 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. 


For small payload size, since payload size is around 2 bits, the coverage may be enough without frequency hopping. When frequency hopping is not used for small payload size, the sPUCCH for slot sTTI can be multiplexed with legacy PUCCH formats. Then, the sPUCCH format for slot sTTI can be designed by following the legacy PUCCH format 1a/1b as much as possible for multiplexing. For large payload size, frequency hopping can be used and the design can reuse that of legacy PUCCH format 4 as much as possible. 
Proposal 3: For slot sTTI, frequency hopping is not used for small payload size sPUCCH format while frequency hopping is not used for large payload size sPUCCH format.
3 Conclusions
In this contribution, the aspect of sPUCCH design is discussed. It can be summarized as below. 
Proposal 1: For small payload size, BLER performance and the possible number of UEs to be multiplexed should be considered for 2-symbol sPUCCH format.
Proposal 2: For large payload size, UL DMRS of sPUSCH is reused.
Proposal 3: For slot sTTI, frequency hopping is not used for small payload size sPUCCH format while frequency hopping is not used for large payload size sPUCCH format.
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