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1 Introduction
In RAN1#88, the following agreements were made for sPUCCH transmissions [1]:

Agreements:
· Confirm working assumption on support for {DL,UL} sTTI combination {2,7}.
· The UE is configured by higher layers to operate one of the following sTTI combination {DL, UL} within a PUCCH group: {2, 2}, {2, 7} and {7, 7}

· FFS whether different sTTI combination can be configured for different PUCCH group
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

· 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

In this paper, we discuss the design of sPUCCH for sTTI.  
2 Discussion
As it was agreed in RAN1#88 meeting, for up to 2-bit ACK/NACK and SR (if any), the 2-symbol sPUCCH format is down-selected between the following options [2]:
· 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 2a-1: DMRS sequence and sPUCCH at mapped to consecutive REs
· Option 2a-2:DMRS sequence and UCI sequence are mapped to REs in an interlaced way
· Option 2b: DMRS sequence and data sequence are transmitted on the same symbol with different cyclic shifts.

For option 1a, multiplexing capacity for multiple UEs in one RB is greatly reduced since 2 or 4 cyclic shifts will be occupied by one UE to support 1 or 2 bits UCI transmission. At most 3 UEs can be multiplexed in the same RB for 1 bit UCI transmission and only 1 UE in one RB for 2 bits UCI transmission assuming gap of cyclic shift is 2(Δshift=2).  For option 1b, 2 cyclic shifts will be occupied by one UE to support 1 or 2 bits UCI transmission by considering using different cyclic shifts on different symbols to indicate different ACK and NACK combination for 2 bits. At most 3 UEs can be multiplexed in the same RB for 1 or 2 bits UCI transmission assuming Δshift=2.
For option 2a, if ZC sequence is used to carry 1 modulation symbol similar as PUCCH format 1a/1b, 6 UEs can be multiplexed in the same RB assuming Δshift=2. The multiplexing capacity for multiple UEs in one RB may be the same for option 2a-1 and option 2a-2 since the length of ZC sequence used in option 2a-2 will be less than the ZC sequence in option 2a-1, therefore if 1 RB is used for sPUCCH, option 2a-2 requires new DMRS sequence generation. Alternatively, PUCCH format 5 based structure can be considered by using frequency domain OCC to achieve the multiplexing of multiple UEs in one RB. To increase the multiplexing capacity, length of OCC can be increased. Considering that the structures of PUCCH format 4 and 5 are mainly the same only with OCC in frequency domain for PUCCH format 5, this can achieve a unified sPUCCH structure for different payload size since PUCCH format 4 based structure is supported for 2-symbol sPUCCH carrying more than 2 bits UCI.
For option 2b, if ZC sequence is used to carry 1 modulation symbol similar as PUCCH format 1a/1b, 2 cyclic shifts are required for one UE to separate UCI and DMRS in the same symbol. Multiplexing capacity for multiple UEs in one RB is reduced to half of option 2a. In addition, since two sequences are mapping on the same symbol, PAPR will be increased unless special handling is considered to reduce the PAPR, which will increase the implementation and specification complexity. In high interference scenario, the performance of option 2b may be degraded due to not only interference from different UEs but also interference between UCI and RS of the same UE.
The main purpose of option 1 and option 2b are to support frequency hopping. It can be seen from Reply LS [3], there will be a [20-40µs] or [20µs] transient period between consecutive 2-OS sTTI if power changes between consecutive sTTI. If frequency hopping is used within one sTTI, the same transient period is required between two hopping parts. However, the sequence orthogonality may be destroyed by considering the transient period, which may degrade the transmission performance greatly in option 1 and option 2b. So it may be hard to support frequency hopping for 2-symbol PUCCH by considering the transient period. 
Based on the analysis above, we have the following proposals:
Proposal 1: DMRS based method with one symbol for DMRS and one symbol for UCI should be supported for 2-symbol PUCCH carrying 1~2 bits UCI.
Proposal 2: To increase the multiplexing capacity, either PUCCH format 1a/1b based structure or PUCCH format 5 based structure can be used for 2-symbol PUCCH carrying 1~2 bits UCI.

Proposal 3: Frequency hopping should be not supported for sPUCCH format with sTTI length of 2-symbol.
Since it was agreed that PUCCH format 4 based structure is used for 2-symbol sPUCCH carrying more than 2-bit UCI, it is straightforward and simple to support PUCCH format 4 based structure for 1-slot sPUCCH at least for more than 2-bit UCI. By using PUCCH format 4 based structure, the procedure of sPUCCH formats with different sTTI lengths including coding, rule of RE mapping are the same with respectively defined RS positions for different sTTI lengths only, which can reduce both the specification and implementation complexity of sPUCCH. Since TBCC+8 bits CRC is used for PUCCH format 4 to support more than 22 bits UCI transmission, for small payload size, channel coding could be optimized by considering repetition coding or RM coding.
For 1-slot sPUCCH carrying 1~2 bits UCI, one method is to reuse the structure of PUCCH format 1a/1b in one slot so as to support high multiplexing capacity in one RB and good transmission performance with both frequency and time domain spreading. This is aligned with the structure of 2-symbol sPUCCH carrying 1~2 bits UCI. To support frequency hopping, OCC in time domain may be removed or cut down. Alternatively, PUCCH format 4 based structure can be used for 1-slot sPUCCH carrying 1~2 bits UCI so as to achieve a unified sPUCCH structure for different payload sizes.
The DMRS position for PUCCH format 4 based 1-slot sPUCCH can be at the fourth symbol in one slot and the DMRS position for PUCCH format 1a/1b based 1-slot sPUCCH can be at the third to fifth symbols in one slot similar as legacy design when there is no frequency hopping. When frequency hopping is configured for 1-slot sPUCCH, 7 symbols can be divided into two sets, and there is one DMRS symbol with predefined position in each set.

Proposal 4: PUCCH format 4 based structure should be supported at least for the design of sPUCCH format with sTTI length of 1-slot carrying more than 2 bits UCI. 
Proposal 5: Either PUCCH format 1a/1b based structure or PUCCH format 4 based structure can be used for the design of sPUCCH format with sTTI length of 1-slot carrying 1~2 bits UCI. 
Proposal 6: The legacy DMRS position in one slot should be reused for the design of sPUCCH format with sTTI length of 1-slot when frequency hopping is not configured. 
Proposal 7: When PUCCH format 4 based structure is used for the design of sPUCCH format, channel coding can be optimized with repetition coding or RM coding for UCI bits no more than X, while X could be 22 or other values less than 22.
3 Conclusions
Based on the above discussion, we have the following proposals:
Proposal 1: DMRS based method with one symbol for DMRS and one symbol for UCI should be supported for 2-symbol PUCCH carrying 1~2 bits UCI.
Proposal 2: To increase the multiplexing capacity, either PUCCH format 1a/1b based structure or PUCCH format 5 based structure can be used for 2-symbol PUCCH carrying 1~2 bits UCI.

Proposal 3: Frequency hopping should be not supported for sPUCCH format with sTTI length of 2-symbol.
Proposal 4: PUCCH format 4 based structure should be supported at least for the design of sPUCCH format with sTTI length of 1-slot carrying more than 2 bits UCI. 
Proposal 5: Either PUCCH format 1a/1b based structure or PUCCH format 4 based structure can be used for the design of sPUCCH format with sTTI length of 1-slot carrying 1~2 bits UCI. 
Proposal 6: The legacy DMRS position in one slot should be reused for the design of sPUCCH format with sTTI length of 1-slot when frequency hopping is not configured. 
Proposal 7: When PUCCH format 4 based structure is used for the design of sPUCCH format, channel coding can be optimized with repetition coding or RM coding for UCI bits no more than X, while X could be 22 or other values less than 22.
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