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1 Introduction
In RAN1#87, the following agreements were made for sPUCCH transmissions [1]:
Agreements:
· For a given UE, a sPUCCH format follows a fixed sTTI mapping where the same sTTI boundaries, data symbol placements (except the last symbol in the subframe - depending on SRS) and DMRS symbol placements (if used) are the same in every subframe. 

· 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
· For a given UE, a sPUCCH format follows a fixed sTTI mapping where the same sTTI boundaries, data symbol placements (except the last symbol in the subframe - depending on SRS) and DMRS symbol placements (if used) are the same in every subframe.
Agreement:
· For a user capable of supporting sTTI, the following {DL,UL} configurations are supported:

· {2,2} and {7,7}
· Working assumption on support of {2,7}. 

· The working assumption is to be confirmed in RAN1 #88 if no significant issues (including no obvious performance gain) are identified.

In RAN1#88, the following agreements were made for sPUCCH transmissions [2]:

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
In this paper, we discuss the resource allocation of sPUCCH for sTTI.  
2 Discussion
The frequency resource of sPUCCH can be indicated with two alternatives as follows:
· Alt 1: The frequency resources can be configured for sPUCCH per-UE by higher layer signaling.
· Alt 2: A set of frequency resources with same or different resource sizes can be configured for sPUCCH per-UE by higher layer signaling, and one of the frequency resources can be indicated in the DL DCI.
· Alt 3: The sPUCCH resource is implicitly derived based on the CCE index similar as legacy 
If PUCCH format 4/5 based sPUCCH format is supported, each frequency resource in Alt 1 or Alt 2 may include the PRB index, the number of PRB if multiple PRBs is configured for sPUCCH, and the OCC index if OCC is supported for PUCCH format 5 based sPUCCH format as discussed in [3]. Similar to PUCCH format 4/5, the coding rate within a predefined set of values can be UE-specifically configured by higher layer signaling. 
If PUCCH format 1a/1b based sPUCCH format is supported, the PUCCH resource in Alt 1 or Alt 2 can be represented as PUCCH resource index similar as PUCCH format 1a/1b based on which the RB location and cyclic shift/OCC index are implicitly derived which however should be further studied to support multiple RB for one UE. One way is to pre-configure one frequency resource with multiple PUCCH resource indices so as to determine multiple RBs according to the multiple indices.  Another way is to define one or multiple offset values so as to determine multiple RBs based on the indicated PUCCH resource index and the offset. To support multiplexing with legacy UE in the same RB, only length of 12 ZC sequence can be used even if multiple RBs are allocated for one UE. 
When sPUCCH is used for P-CSI or SR transmission, Alt 1 can be used and more than one frequency resources with different resource sizes can be configured for P-CSI transmission so as to support different P-CSI payload sizes. 
When sPUCCH is used for at least HARQ-ACK transmission, Alt 2 can be used so as to adjust the sPUCCH capacity to support different payload sizes. The ARI field used for indicating the frequency resource in DL DCI should always exist such that no additional fallback to implicit resource is defined. Alt 3 can only be considered for PUCCH format 1a/1b based sPUCCH and when fixed HARQ-ACK timing is defined, since with dynamic indication HARQ-ACK, there may be collision of sPUCCH resource for different UEs. If Alt 3 is used, new relationship between CCE for sTTI and sPUCCH resource should be defined, which may be complex by considering the sPDCCH design and HARQ-ACK timing design.
For the consideration of latency reduction, the sPUCCH resource should be available in each UL TTI HARQ-ACK feedback. This will lead to the potential resource fragmentation in every UL sTTI.  Alternatively, only a subset of UL sTTIs can be used for sPUCCH transmission.

Proposal 1: At least for PUCCH format 4/5 based sPUCCH structure, the frequency resource of sPUCCH for HARQ-ACK can be indicated by DL grant associated with the sPUCCH, no fallback scheme to implicit resource should be defined. 
Proposal 2: The frequency resource of sPUCCH for P-CSI or SR can be configured by higher layer.

3 Conclusions
Based on the above discussion, we have the following proposals:
Proposal 1: At least for PUCCH format 4/5 based sPUCCH structure, the frequency resource of sPUCCH for HARQ-ACK can be indicated by DL grant associated with the sPUCCH, no fallback scheme to implicit resource should be defined. 
Proposal 2: The frequency resource of sPUCCH for P-CSI or SR can be configured by higher layer.

4 References
[1]. Draft Report of RAN1#87
[2]. Draft Report of RAN1#88
[3]. R1-1704516, “sPUCCH design for sTTI”, CATT
PAGE  

