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1. Introduction
The SI on Latency reduction techniques for LTE [1] was closed at RAN#72 and based on the outcome documented in the TR [2], a follow-up WI was approved in [3]. The main objectives of the WI in [3] are given by: 
The objective of this work item is to specify shortened TTI operation and shortened processing time for both legacy (1ms) TTI and shortened TTI. The specified solution should cover the case of carrier aggregation and non-carrier aggregation. Aim for a similar design as possible independent of frame structure.
…
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)

Follow the recommendation made in [2] when specifying for support of transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI.

In this document, we discuss the sPUCCH sTTI structure, i.e. sTTI layout for 2-symbol sPUCCH.  
2. sTTI layout for 2-symbol sPUCCH
Since the main function of sPUCCH is to convey HARQ-ACKs for sPDSCH transport blocks, there is a strong inherent connection between the DL sTTI structure and the corresponding sPUCCH sTTI layout. In [4] we discuss the pros and cons of different DL sTTI layouts, and conclude that a structure having always 6 DL sTTIs in a subframe is the preferred choice. Since it should be possible to provide HARQ-ACK for each sTTI separately, adopting an 2-symbol sPUCCH structure with 6 sTTIs is a natural choice as well.
Proposal 1: sTTI layout for sPUCCH comprises six 2-OS sPUCCH sTTIs in a subframe 
The remaining question is how to place those six sPUCCHs within a subframe. As the number of SC-FDMA symbols in a subframe with normal CP is 14, it is not possible to simply divide the subframe into equally sized sTTIs – having six 2-symbol sTTIs would leave two SC-FDMA symbols unused.
Another aspect to consider in sPUCCH layout is whether slot boundary should be preserved or not. While in the DL side, as well as with PUSCH, the merit of sTTI not spanning two slots is somewhat questionable, with sPUCCH the situation is slightly different. The reason is that 1-ms PUCCH utilizes always frequency hopping between the slots. As discussed in [5], in order to avoid excessive UL control signaling overhead, it is preferable to allow for multiplexing of 1-ms and sTTI PUCCH formats on the same PRBs, using e.g. different cyclic shifts. From this point of view, having each sPUCCH sTTI confined within a slot is a desirable design choice.
Furthermore, sPUCCH should also function in cases when SRS is transmitted in the same subframe. This means that the last SC-FDMA symbol of a subframe may not always be available for sPUCCH transmission, and sTTI design should also account for this rather frequent case.
Observation: a preferred 2-symbol sPUCCH layout fulfils the following requirements:
· A subframe includes six 2-symbol sPUCCH sTTIs
· Each sPUCCH sTTI is confined within a slot
· SRS transmission is allowed in the last SC-FDMA symbol
A layout fulfilling the properties listed above is illustrated in Figure 1. The structure can be characterized as {3, 2, 2, 2, 2, 3}, where the sPUCCH sTTIs 0 and 5 include 3 SC-FDMA symbols while other sTTI consist of two symbols each. Furthemore, sPUCCH sTTI 5 can be shortened by either puncturing or rate matching when coinciding with a cell-specific SRS subframe. 
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Figure 1. Proposed sTTI layout. sPUCCH sTTI 5 may include 2 or 3 symbols depending on SRS configuration
Proposal 2: sTTI layout for 2-symbol PUCCH follows the structure {3, 2, 2, 2, 2, 3}
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3. Summary
In this contribution we consider aspects impacting sTTI layaout for sPUCCH. Based on the discussion, we make the following observation and proposals:
Proposal 1: 2-symbol sTTI layout for sPUCCH comprises six sPUCCH sTTIs in a subframe
Observation: a preferred 2OS sPUCCH layout fulfils the following requirements:
· A subframe includes six 2-symbol sPUCCH sTTIs
· Each sPUCCH sTTI is confined within a slot
· SRS transmission is allowed in the last SC-FDMA symbol
 Proposal 2: sTTI layout for 2-symbol PUCCH follows the structure {3, 2, 2, 2, 2, 3}
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