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1
Introduction
In RAN1 #84, the followings have been agreed for sTTI physical channel design [1]:
Agreements:
· Following design assumptions are considered:

· No shortened TTI spans over subframe boundary

· At least for SIBs and paging, PDCCH and legacy PDSCH are used for scheduling

· The potential specific impacts for the followings are studied 

· UE is expected to receive a sPDSCH at least for downlink unicast 

· sPDSCH refers PDSCH carrying data in a short TTI

· UE is expected to receive PDSCH for downlink unicast

· FFS whether a UE is expected to receive both sPDSCH and PDSCH for downlink unicast simultaneously

· FFS: The number of supported short TTIs

· If the number of supported short TTIs is more than one,

· The length of short TTI can be variable

· FFS whether a UE is expected to receive sPDSCHs with different lengths simultaneously

· FFS how to change the length of short TTI for sPDSCH e.g., semi-static vs dynamic, cell-specific vs UE-specific, explicit vs implicit

· TTI length for DL and UL can be different 

In this contribution, we discuss on the design consideration for shortened sTTI design for PUCCH.
2
Considerations on sPUCCH
It has been observed that the shortened PUCCH (sPUCCH) showed a significant performance degradation as the sTTI length gets shorter, which may result in uplink coverage loss for a reduced latency transmission. Note that if a UE is in a power limited situation, total transmission energy for a HARQ-ACK transmission is decreased as the number of symbols for sPUCCH gets reduced. On the other hand, downlink coverage for short TTI transmission can be remained same as legacy since the same amount of downlink resource may be used to transmit a certain payload size by utilizing frequency resources.

Since a shortened TTI length in a downlink transmission still can provide a certain level of latency reduction benefit although uplink TTI length is not reduced in a worst coverage case, it would be still beneficial to support the reduced latency even for a cell-edge UE.

Proposal-1: coverage of sPUCCH should be the same as legacy PUCCH
Considering that an sTTI length of an sPUCCH determines the uplink coverage level of the sPUCCH transmission, the use of a legacy PUCCH without TTI shortening should be allowed in the case that a UE is in a worst uplink coverage case. However, if a UE is not coverage limited, a shortened TTI PUCCH should be used for better latency reduction. For instance, sTTI length of sPUCCH can be configured in a UE-specific manner based on UE uplink coverage level. To support sTTI length adaptation based on a UE uplink coverage level, multiple sTTI lengths should be allowed for sPUCCH.
Proposal-2: support multiple sTTI length for sPUCCH for different coverage level 
The sTTI length for an sPDSCH and its associated sPUCCH for HARQ-ACK transmission could be different assuming that sTTI length of sPUCCH is determined based on a UE uplink coverage level. As discussed above, the downlink coverage loss from shortening can be easily compensated by using more frequency resource within an sTTI while the sTTI length should be adapted to keep the uplink coverage level as legacy PUCCH. Therefore, a different sTTI length for a sPDSCH transmission and its associated sPUCCH transmission for HARQ-ACK transmission should be allowed.
Proposal-3: allow different sTTI length for an sPDSCH and its associated sPUCCH for HARQ-ACK
In case that a different sTTI length for an sPDSCH and its associated sPUCCH for HARQ-ACK transmission is used, a single sPUCCH sTTI should be associated with multiple sPDSCHs as shown in the figure 1. For example, sPDSCH sTTI #0, #1, #2, and #3 should be associated with sPUCCH sTTI #0 as sTTI length of an sPUCCH is longer than that of an sPDSCH. Therefore, efficient multiplexing of HARQ-ACK transmissions associated with multiple sPDSCH sTTIs should be supported and considered on sPUCCH design.
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Figure 1. Example of an association between multiple sPDSCHs and a single sPUCCH
Proposal-4: consider a single sPUCCH sTTI can be associated with multiple sPDSCH sTTIs
The legacy PUCCH has been used for HARQ-ACK, SR, and/or CSI feedback. Using sPUCCH for CSI feedback may reduce the feedback delay if a sTTI length is shorter than 1ms. However, the link adaptation performance may be marginally different with the reduced feedback delay even for closed-loop operation mode due to the channel quantization error. Therefore, it is unclear to support sPUCCH for CSI feedback unless a significant performance gain is observed.
Proposal-5: an sPUCCH is used only for HARQ-ACK and SR transmission
3
Summary
In this contribution, we discussed on the design consideration sPUCCH. From the discussions, we propose the followings:

Proposal-1: coverage of sPUCCH should be the same as legacy PUCCH

Proposal-2: support multiple sTTI length for sPUCCH for different coverage level 
Proposal-3: allow different sTTI length for an sPDSCH and its associated sPUCCH for HARQ-ACK

Proposal-4: consider a single sPUCCH sTTI can be associated with multiple sPDSCH sTTIs
Proposal-5: an sPUCCH is used only for HARQ-ACK and SR transmission
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