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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, RAN1#88 and RAN1#88bis, 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
Evaluation of sPUCCH of 2-symbol for up to 2 A/N bits
· For evaluation until RAN1#89 to conclude on sPUCCH format for up to 2 A/N bits (no design is excluded):

· Transient impact should be evaluated in the front and/or in the middle and/or at the end of the sPUCCH transmission

· Multi-user simulation

· Up to three users

· Same received power

· No common transient model unless RAN4 feedback is received
sPUCCH of 7-symbol for up to 2 A/N bits
The following sPUCCH format carrying up to 2 bits HARQ-ACK and SR (if any) is supported for 7-symbol sTTI:
 

sPUCCH format carrying up to 2 bits HARQ-ACK + SR (if any)

DMRS sequence
Reuse legacy DMRS sequence for PUCCH

Intra-sTTI hopping
Non-hopping, and, Hopping

DMRS pattern
No hopping: Reuse DMRS pattern of PUCCH format 1/1a/1b 

For down-selection:

· Hopping, option1: {D R D | D R R D} for the first slot, {D R R D | D R D} for the second slot

· Hopping, option 2: {D D R | R R D D} for the first slot, {D D R R | R D D} for the second slot

· Other options are not precluded

Note: OCC is not applied across hopping boundary

Number of RBs for PUCCH resource

1 RB



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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Figure 1. Examples of slot sTTI sPUCCH

Figure 1 shows slot PUCCH with and without frequency hopping. It was agreed to use both options having frequency hopping and non-frequency hopping for slot sPUCCH. One remaining issue is the hopping pattern. There are two options, where one option is to use the pattern of {D R D | D R R D} for the first slot and {D R R D | D R D} for the second slot and another option is to use the pattern of {D D R | R R D D} for the first slot and {D D R R | R D D} for the second slot. So far, RAN1 discussed UL power transient period for sTTI operations. Even though there is not a clear conclusion due to UL power transient period, it would be better to avoid positioning RS around frequency hopping boundary. In this regards, option 2 may bring performance degradation compared to option 1. Therefore, option 1 is preferred for slot sTTI sPUCCH frequency hopping pattern.  
Proposal 3: For slot sTTI, frequency hopping pattern is {D R D | D R R D} for the first slot and {D R R D | D R D} for the second slot.
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 pattern is {D R D | D R R D} for the first slot and {D R R D | D R D} for the second slot.
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