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1. [bookmark: _Ref298777854]Introduction
For the proposed short TTI transmission in DL and UL a fast UCI feedback has been discussed in [1]. The need for fast HARQ feedback and fast SR in order to achieve low latency with short TTIs was noted in [2] and [3]. Several different short PUCCH designs have been proposed in [3], [4], [5], and [6]. Given the large amount of different proposals of PUCCH designs we focus in this paper on different design criteria that a short PUCCH should fulfill.
1. Discussion
We see the need for at least two different short PUCCH formats. For FS1 it is useful to have a low payload format capable of supporting a payload of one or two bits to be used for HARQ feedback and SR. For FS2 in Rel.8, HARQ feedback for more than one TB is transmitted using PUCCH format 1a/1b and channel selection. A similar HARQ feedback structure can be used for FS2 when using short TTIs.
A higher payload format is necessary for HARQ feedback when using CA, or for transmission of periodic CSI reports. It could also be used as an alternative to channel selection for HARQ feedback when FS2 is used.
At least two new short PUCCH formats with different payloads are needed.
1. Use cases
If we focus on MBB users, we have observed that the high data rate is required to benefit from short latency. It would there for good to target scenario that utilise CA or SINR levels that support this in DL from a single cell. Given that the TTI will need to be reduced in UL as well to support shortening round trip time some performance loss compared to none sTTI operation would be expected. 
Some reduction in coverage of sPUCCH compared to PUCCH is expected.
Placement
One straightforward option is to place the sPUCCH channel in connection to the PUCCH channel. The benefit of this solution is that the UL sTTI band can be defined independently of the sPUCCH, e.g. such that only a DL sTTI band is defined, or that multiple contiguous UL sTTI bands are configured. This solution would require the sPUCCH to be automatically defined for sTTI UEs by the DL sTTI band, i.e. by the slow DCI.
Another option is to place the sPUCCH inside an UL sTTI band. The benefit of this solution would be that the sTTI transmissions are self-contained and not mixed with the PUSCH/PUCCH region. 
The sPUCCH can be placed in connection to PUCCH, or inside an UL sTTI band.
Small payload format
Two reasons to design a small payload format is to allow for basic signalling (SR and HARQ) while providing multiplexing of several UEs on the same frequency resource, and to provide good coverage. Multiplexing of several sPUCCH also enables channel selection to be used in a resources efficient manner. From the simulation results in [4], [5], and [6], we note that if necessary, coverage can be increased by using frequency hopping between symbols. The payload of the new format should be at least two bits to support two transport blocks from DL. Existing channel selection techniques can be used to further increase the payload slightly.
The new low payload format should support multiplexing of at least two UEs on the same frequency resource.
Frequency hopping can be used to increase coverage.
The payload of the new small format should be at least two bits.

1. Define a low payload sPUCCH format that can be multiplexed and can support TTI lengths down to 2 symbols.

Large payload format
As noted above, a format supporting a higher payload is necessary to be able to support FS2 operation with sTTI. In addition, for is beneficial to support such a format for FS1 if the sTTI length in UL differs very much between UL and DL, and to support carrier aggregation together with sTTI. Further to support periodic CSI reporting with sTTI such a format is needed. Further if the UE supports dynamic switching between multiple TTI lengths there may further be need for a large payload format. The specific number of bits that needs to be supported depends on the sTTI length in DL, the corresponding processing time, and what features can be combined with sTTI operation, and can be outlined after this has become clear. To start the discussion however we here assume that some form of PUCCH format that supports larger payloads are needed. An estimate of the payload is that it should support from 4 ~ 20 or a higher number bits e.g. 40 bits. However, this has to be outlined in more detail after the DL sTTI lengths are determined together with the corresponding sTTI lengths for PUCCH. 
A simple design of such a format is to reuse a shortened PUCCH Format 4 design, with 1 OFDM symbol used as a reference symbols, and the rest of the OFDM symbols used for DFT-spread OFDM. Depending on the payload, the channel coding scheme of PUCCH format 3 or PUCCH format 4 could be used. Using this format, coverage can be achieved by increasing the number of PRBs used, which results in a higher coding gain. However, as can be seen from link level evaluations in [4], increasing the transmission bandwidth of this format is only efficient up to a certain point due to the rate matching being based on repetition of coded bits. Thus increasing the bandwidth does not always increase the coverage for power limited UEs, since the amount of energy in the signal does not increase. However, by increasing the TTI length for sPUCCH, coverage can be increased. Using CA as an example, compare an sPUCCH of length two symbols with an sPUCCH of length four symbols. The longer sPUCCH format needs to carry twice as many HARQ bits as the shorter format, since up HARQ feedback from up to twice as many DL data transmissions needs to be conveyed. However, since the reference signal overhead is reduced by using a longer sPUCCH format there is an additional coding gain compared to using two instances of the shorter format. This observation is confirmed in [4].

A high payload format similar to PUCCH format 4 can be designed, reusing existing coding schemes.
By increasing the number of PRBs, better coverage for the higher payload format can be achieved.

1. Define a high payload sPUCCH format targeting the use case of multiple TTI lengths, FS2, CSI and CA support.

1. Summary
In this contribution we discussed different use cases for sPUCCH together with associated requirements. We made the following observations and proposals:
1. At least two new short PUCCH formats with different payloads are needed.
1. Some reduction in coverage of sPUCCH compared to PUCCH is expected.
1. The sPUCCH can be placed in connection to PUCCH, or inside an UL sTTI band.
1. The new low payload format should support multiplexing of at least two UEs on the same frequency resource.
1. Frequency hopping can be used to increase coverage.
1. The payload of the new small format should be at least two bits.
1. A high payload format similar to PUCCH format 4 can be designed, reusing existing coding schemes.
1. By increasing the number of PRBs, better coverage for the higher payload format can be achieved.

1. Define a low payload sPUCCH format that can be multiplexed and can support TTI lengths down to 2 symbols.
1. Define a high payload sPUCCH format targeting the use case of multiple TTI lengths, FS2, CSI and CA support.
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