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Introduction
In the new WI on Short TTI and reduced processing [1] the (selected) objectives are set to be:
For Frame structure type 1: [RAN1, RAN2, RAN4]
· 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

For Frame structure type 2: [RAN1, RAN2, RAN4]
· Specify support for a transmission duration based on 1-slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH

In this contribution, we present proposals for the short PUCCH channel (sPUCCH), specifically addressing the resource management of sPUCCH.
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In current LTE the PUCCH resource allocation is dependent on the first CCE the PDCCH is transmitted on. The resource for PUCCH format 1 (SR only) is determined by RRC signalling.
To allow for a flexible and simple resource allocation for sPUCCH it is proposed to handle the configuration by explicit signalling at RRC level. Multiple sTTI lengths will be supported for sPUCCH to accommodate improved coverage performance and higher payload scenarios. In addition to providing the resource allocation per sTTI also different formats should be supported, as well as allocating multiple resources for the same sPUCCH (as currently also used in LTE)
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With the multiple sPUCCH resources configured for a UE the choice of the actual resource to use is either automatically chosen by the UE (SR resource) or dynamically indicated with a bit field in the DL sDCI. The size of this field should not have to be more than 2 bits.
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Resource allocation
In current LTE, the PRBs used for PUCCH are allocated in pairs due to the frequency hopping performed over the two slots in the subframe. Different number of pairs of PRBs can be allocated in an LTE carrier depending on the configuration size and the number of UEs in the cell. To maximize frequency diversity and allow wideband PUSCH allocations, the PRBs used for PUCCH are allocated at the carrier edges.
The following principles are followed:
1. 	PUCCH is placed on the outer PRBs of the carrier.
2. 	PUCCH format 3/4/5’s placement is configurable.
3. 	PUCCH format 1/1a/1b/2 can be multiplexed on the same resources.
4. 	The scheduling request (SR) of format 1 is allocated close to the carrier edge since when an SR is sent it is not under eNB control, and hence for the resources that are under eNB control, it can choose to instead schedule PUSCH transmissions, minimizing the loss from extensive PUCCH allocations.
5. 	The periodicity and configuration of the SR is signalled via RRC.
6. 	The resource selection of PUCCH format 1a/1b/2/3 are implicitly derived from the first CCE where the PDCCH is sent.
For sPUCCH the same principles are proposed to be followed, with the exception of 1) and 6), which is proposed to be handled by RRC signalling (see Proposal 1). It should be noted that multiplexing of PUCCH and sPUCCH, when possible, is also seen as beneficial (see [2]). 
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The timing for transmitting DL HARQ in UL must be well defined and should not be explicitly indicated to the UE in the DL assignment. To keep the payload of each sPUCCH low the DL HARQ should be distributed over the UL subframe, which may depend on the length of sPUCCH. We propose a fixed mapping from DL TTI to sPUCCH for a certain DL TTI and sPUCCH combination.
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Conclusion
In Section 2 we made the following observations:
Observation 1	The eNB can with proper implementation minimize the resources needed for PUCCH/sPUCCH

Based on the discussion in section 2 we propose the following:
Proposal 1	sPUCCH resource configuration is signalled at RRC
Proposal 2	Indicate dynamically the sPUCCH resource in the DL sDCI using a 2-bit field
Proposal 3	The resource allocation of SR for sPUCCH should allow allocation on the edge of the carrier to maximize (s)PUSCH allocation
Proposal 4	SR-only sPUCCH should be possible to configure by RRC signalling for the TTI and the sTTI length configured
Proposal 5	The configurable periodicity of the SR shall support the sTTI lengths of sPUCCH
Proposal 6	The DL HARQ timing pattern is fixed for a combination of DL and UL TTI for sPUCCH.
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