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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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HARQ bundling
HARQ bundling today is used in both FDD and TDD operation. In FDD it is limited to bundling over the spatial domain, except for LTE-M operation where the bundling is performed over time. In TDD operation bundling is performed both in spatial and time domain.
Bundling is typically introduced when not performing bundling has a negative effect on the PUCCH link performance or if the PUCCH format cannot carry the payload bits required without bundling. It has however a negative impact on latency, since it implies that an excessive number of retransmissions are needed (blocks will be nacked which were correctly received by the UE). At least the former is true if the control channel is robust enough without bundling. Furthermore, it will impact the latency of the overall transmission since more blocks are required to be transmitted before the data transfer is over.
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For sTTI operation the latency aspect is important and hence any HARQ bundling should be avoided unless required due to UL link budget control channel considerations.
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With sTTI operation, the dimensions over which bundling can be performed are: spatial domain, time domain (over DL sTTI periods), and, component carriers. It could also be noted that bundling could be applied over different TTI lengths in case UCI from both sTTI and TTI are multiplexed on the same sPUCCH (pending discussion on handling different collision cases, see [3]).
Any bundling should be performed over blocks that experience similar characteristics, where the event on a block error is correlated, and where the bundling has limited impact on latency. Performing bundling over the spatial domain ensures that the same interference is experienced and hence in an interference limited scenario, the errors would be to a certain extent correlated. 
A similar situation, but in a sensitivity limited reception, occurs for bundling over DL sTTIs. In this case the channel propagation condition over sTTIs for the {2,7} {DL, UL} sTTI combination could be highly correlated (the propagation channel will not vary significantly). However, bundling in time could have a more severe impact on latency when the network need to retransmit all DL sTTIs in a TDM fashion.
In contrast to the above cases, the bundling over carriers will not experience the same propagation channel or the same interference conditions and hence the block errors can be expected to be reasonably uncorrelated. The benefit of carrier bundling compared to DL sTTI bundling is a lower impact on latency since the blocks are retransmitted in parallel.
It is hence proposed that any consideration of HARQ bundling should be performed over spatial domain first. Wether the next level of bundling should be done over component carriers, or DL sTTI:s (applicable in case of TDD or {2,7} sTTI combination in FDD) is left FFS.
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In the case that an sPUCCH carries both UCI from 1 ms TTI and sTTI (pending discussion on collision handling between 1 ms and sTTI) bundling over 1 ms operation should be prioritized since the 1 ms service is not expected to be as sensitive to latency impact as the sTTI service.
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Since the need for HARQ bundling in the UL would be highly dependent on the UL coverage situation, and since the network should not use it unless necessary, it should be configurable by the network.
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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.
[bookmark: _Toc465462217][bookmark: _Toc465463258][bookmark: _Toc465464010][bookmark: _Toc465843361][bookmark: _Toc465954217][bookmark: _Toc465954453][bookmark: _Toc465957004][bookmark: _Toc466047495][bookmark: _Toc466047689][bookmark: _Toc473187077][bookmark: _Toc473187192][bookmark: _Toc473188333][bookmark: _Toc473188367][bookmark: _Toc474167040][bookmark: _Toc474167317][bookmark: _Toc477784396][bookmark: _Toc477797075][bookmark: _Toc477980181][bookmark: _Toc477985422][bookmark: _Toc478059199][bookmark: _Toc478067941][bookmark: _Toc478116069][bookmark: _Toc478117109][bookmark: _Toc478143428][bookmark: _Toc480993006][bookmark: _Toc480993707][bookmark: _Toc480993823][bookmark: _Toc480994123][bookmark: _Toc481686892][bookmark: _Toc481751059]The DL HARQ timing pattern is fixed for a combination of DL and UL TTI for sPUCCH.
Conclusion
In Section 2 we made the following observations:
Observation 1	HARQ bundling could have negative impact on latency and resource efficiency, if the control channel link budget is sufficient
Observation 2	The eNB can with proper implementation minimize the resources needed for PUCCH/sPUCCH
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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	HARQ bundling should only be considered if motivated by UL performance limitations, and the use of bundling should be justified
Proposal 4	HARQ bundling, if considered, should be considered over spatial domain first. Whether to apply the next bundling level, over component carriers,  or, over DL sTTI:s (applicable in case of TDD or {2,7} sTTI combination in FDD) is left FFS.
Proposal 5	In case sPUCCH carries HARQ UCI from both 1 ms and sTTI operation, HARQ bundling, if any, should be prioritized over 1 ms HARQ A/N bits
Proposal 6	HARQ bundling, if considered, should be configurable by RRC signalling
Proposal 7	The resource allocation of SR for sPUCCH should allow allocation on the edge of the carrier to maximize (s)PUSCH allocation
Proposal 8	SR-only sPUCCH should be possible to configure by RRC signalling for the TTI and the sTTI length configured
Proposal 9	The configurable periodicity of the SR shall support the sTTI lengths of sPUCCH
Proposal 10	The DL HARQ timing pattern is fixed for a combination of DL and UL TTI for sPUCCH.
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