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1. Introduction

In RAN1#87, the agreements on sPUCCH design were made as follows [1]:
	Agreements:
· 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
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


In this contribution, we discuss consideration points on sPUCCH resource management. 
2. sPUCCH resource allocation
The resource allocation for sPUCCH can be realized by reusing the current LTE PUCCH resource allocation mechanism as much as possible for minimizing specification efforts. Here, two methods can be considered for sPUCCH resource allocation as follows: one is implicit resource allocation and another is explicit resource allocation. 
For implicit signalling of sPUCCH resource, the first sCCE index on which sPDCCH is transmitted can be used to derive sPUCCH resource. This can provide more scheduling flexibility to network. However, considering on-going discussion on various sPDCCH design aspects such as search space, sCCE-to-sREG mapping, etc, further study is needed on whether or how to support such implicit signalling of sPUCCH resource.  

For explicit signalling of sPUCCH resource, ARI can be considered which will indicate one of four sPUCCH resources configured by higher-layer signalling. In current LTE, ARI is carried by TPC field in PDCCH scheduling PDSCH of SCell, which implies that ARI-based sPUCCH resource allocation is not available for non-CA case at least for FDD. One possible option is to add ARI field itself to sDCI on sPDCCH or PDCCH if additional signalling overhead of sDCI can be acceptable.
Proposal 1: Further investigation is needed on how sPUCCH resource is indicated considering sPDCCH design aspects.
3. sPUCCH resource management
For enabling efficient resource management, multiplexing between sPUCCH and 1ms TTI PUCCH and/or between sPUCCH having different sTTI lengths should be pursued. For sPUCCH carrying more than 2 bits, variable number of RBs can be considered and in this case, FDM with proper resource packing needs to be taken into account. For example, if intra-sTTI hopping is to be supported for 7-symbol sPUCCH, it would be more desirable to split 7 symbols into 3 and 4 symbols with hopping boundary for the first slot, and into 4 and 3 symbols with hopping boundary for the second slot considering that {3, 2, 2, 2, 2, 3} was agreed as a layout of 2/3-symbol sPUCCH. 
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Figure 1. 7-symbol sPUCCH with intra-sTTI hopping for efficient multiplexing with 2/3-symbol sTTI
Also, sPUCCH IFDMA can be considered in order to facilitate multiplexing, which can be used for different sPUCCH RB allocations and/or different number of RBs for sPUCCH between different UEs. If sPUCCH IFDMA is to be supported, how to enable the operation and how to indicate comb need to be further investigated. 
Proposal 2: FDM across RBs and/or within a RB can be considered for sPUCCH in order to achieve efficient resource management. 

4. HARQ-ACK repetition
Regarding the combination of DL and UL TTI length, it was agreed that {2,2}, {2,7}, and {7,7} are supported by configuring in semi-static manner. Considering specification impact such as HARQ-ACK timing, UCI piggybacking, and power control, semi-static switching of sTTI length configuration would be beneficial and preferable. However, if UL coverage enhancement is needed at a certain instance or during extremely short duration e.g., for accommodating more HARQ-ACK payload, semi-static alteration of UL sTTI length can be a too slow adaptation mean. In this case, it would be even more helpful if HARQ-ACK repetition is supported rather than semi-static reconfiguration considering that HARQ-ACK repetition can be supported readily with small specification efforts. Note that sPUCCH carrying HARQ-ACK feedback can be repeated in multiple TTIs to enhance UL coverage without reconfiguration of sTTI length combination. In this sense, it can be considered to support HARQ-ACK repetition procedure as in the existing LTE system to shortened TTI operation especially for 2-symbol UL sTTI case. 

Proposal 3: HARQ-ACK repetition can be considered to enhance UL coverage with relatively small specification efforts compared with semi-static reconfiguration of sTTI length combination.
5. Conclusions

In this contribution, we discussed consideration points on sPUCCH resource management. Based on the above discussions, our proposals are given as follows:
Proposal 1: Further investigation is needed on how sPUCCH resource is indicated considering sPDCCH design aspects.
Proposal 2: FDM across RBs and/or within a RB can be considered for sPUCCH in order to achieve efficient resource management. 

Proposal 3: HARQ-ACK repetition can be considered to enhance UL coverage with relatively small specification efforts compared with semi-static reconfiguration of sTTI length combination.
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