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Introduction
In LTE, a few formats of physical uplink control channels (PUCCHs) were specified for SR/HARQ-ACK/CSI feedback primarily to account for different payloads. Similarly, in NR, different UL control channel formats are expected to be needed not only to optimize a trade-off between UL resource overhead and supported UCI payloads as in LTE but also to enable different transmission latency through a “short” format or a “long” format [1], [2]. This contribution discusses the design aspects of short format while long format is treated in a companion contribution [3]. 

	Agreements in RAN1 #86bis:
· At least two ways of transmissions are supported for NR UL control channel
· UL control channel can be transmitted in short duration
· around the last transmitted UL symbol(s) of a slot
· FFS: How to define and treat the potential gap at the end of the slot
· FFS: in the other positions, e.g., the first UL symbol(s) of a slot
· TDMed and/or FDMed with UL data channel within a slot
· UL control channel can be transmitted in long duration
· over multiple UL symbols to improve coverage
· FDMed with UL data channel within a slot
· FFS how to multiplex with SRS
· The frequency resource and hopping, if hopping is used, may not spread over the carrier bandwidth
· For UL control channel in short duration,
· 1 symbol duration of a slot is supported.
· FFS: a few symbol duration of a slot is supported.
· Mechanism enabling frequency-diversity is supported.
· In frequency-domain, a PRB (or multiple PRBs) is the minimum resource unit size for UL control channel.
· UE-specific RS is used for PUCCH transmission

Agreements in RAN1 #87:
· Physical uplink  control signaling should be able to carry at least hybrid-ARQ acknowledgements, CSI reports (possibly including beamforming information), and scheduling requests
· Support ‘UCI on PUSCH’, i.e. using some of the scheduled resources for UCI in case of simultaneous UCI and data
· Support ‘simultaneous PUSCH and PUCCH at least for the long PUCCH format’, i.e. transmit uplink control on PUCCH resources even in presence of data
· At least a low PAPR/CM design should be supported for the ‘long PUCCH’
· A combination of semi-static configuration and (at least for some types of UCI information) dynamic signaling is used to determine the PUCCH resource both for the ‘long and short PUCCH formats’
· It should be possible to dynamically indicate (at least in combination with RRC) the timing between data reception and hybrid-ARQ acknowledgement transmission as part of the DCI.
· Support FDM of ‘short UCI’ and data, both within a UE and between UEs at least for the case where the PRBs for short UCI and data are non-overlapping
· FFS: PUSCH in the short UL duration can be scheduled independently
· A UCI carried by long duration UL control channel at least with low PAPR design can be transmitted in one slot or multiple slots
· Transmission across multiple slots should allow a total duration of [1] ms at least for some cases
· FFS: more than [1] ms at least for some case
· FFS the numbers of the slots
· In order to support TDM of short PUCCH from different UEs in the same slot, a mechanism to tell the UE in which symbol(s) in a slot to transmit the short PUCCH on is supported at least above 6 GHz (exact mechanism FFS)

· For UL control channel with long duration, TDM between RS and UCI is supported at least for DFT-S-OFDM
· FFS on location of RS symbol(s) (e.g., front-loaded RS, fixed-location RS)




Design criterions for short format NR PUCCH
This section discusses design aspects for the “short PUCCH”. 

· Waveform: The agreement in RAN1#86bis regarding waveform is to use CP-OFDM as baseline and to also support DFT-S-OFDM for link budget limited cases. The main motivation to introduce two different formats for PUCCH is that long PUCCH is used to guarantee sufficient coverage (at the expense of latency) and short PUCCH is used for scenarios where coverage is not an issue at least for small or moderate UCI payloads. Therefore, CP-OFDM is consistent with the agreement in RAN1#86bis for short PUCCH. Further, since transmission in 1 symbol duration has to be supported for short PUCCH, it is more flexible to use CP-OFDM for multiplexing multiple PUCCHs and also for multiplexing UCI and DMRS.
· Multiplexing with UL data (PUSCH): In UL centric slot as shown in Figure 1, FDM of PUSCH and PUCCH may be beneficial from the resource utilization perspective. In this case, PUSCH can span from the 1st OFDM symbol of PUSCH (e.g., 3rd OFDM symbol of a slot) to the last OFDM symbol of a slot. However, whether FDM of UL data channel and PUCCH is supported in DL centric slot (or FDM of DL data channel and PDCCH is supported in UL centric slot) is FFS as no sufficient motivation is yet identified on top of mini-slot scheduling.
· Transmission structure: It was agreed that a PRB (or multiple PRBs) is the minimum resource unit size for PUCCH. However, it is FFS whether UE multiplexing applies within a PRB for the short UL control channel duration. As for the DL control channel, it is preferred for a UE to transmit short PUCCH in “PUCCH sub-band” that includes multiple PRBs as shown in Figure 1. The frequency band of the PUCCH sub-band should not be greater than the maximum UE BW. The PRBs of the PUCCH sub-band should be distributed, particularly when UE multiplexing on same PRBs is supported, in order to achieve frequency diversity gain. For larger UCI payloads, multiplexing of short PUCCH transmissions from multiple UEs in same PRBs may not be supported and in that case frequency-contiguous PRBs can also be considered either by network choice (e.g. gNB configures locations of PRBs) or implicitly in order to enable selection of PRBs where the UE experiences high SINR to improve coverage/BLER for the larger UCI payloads.   
· Number of symbols: 1 OFDM symbol is the baseline for short format PUCCH. More than one symbols may be beneficial for link budget. If more than one symbols are supported for coverage extension, short PUCCH can be repeated in multiple symbols with potential frequency hopping. However, for repetitions of short PUCCH, the distinction between short PUCCH and long PUCCH is gradually reduced.  
· Multiplexing of UCI and DMRS: FDM shows for sufficiently accurate channel estimation as evaluated in [4].
· Multiplexing of different UEs: An additional design issue for short PUCCH is how to multiplex different PUCCHs inside a PUCCH region. In LTE, the exact PUCCH resource is implicitly derived from the PDCCH resource (e.g. lowest CCE index as for PUCCH Format 1a/1b) or explicitly configured/indicated by DCI and RRC signaling (e.g. as for PUCCH Format 3/4/5 in LTE). However, unlike LTE where HARQ timing is fixed and there can be a rather simple one-to-one association between PDCCH resources and PUCCH resources even in TDD, NR HARQ timing can be dynamically and/or semi-statically indicated to a UE and this motivates a combination of semi-static configuration and explicit indication. If implicit derivation is to also be considered, there should be an additional mechanism to resolve PUCCH resource collisions due to the different HARQ timings. The ARO-based mechanism of LTE eIMTA for resolving PUCCH resource collisions between legacy UEs and eIMTA UEs can be re-used.
· Position of short format PUCCH inside one slot: In addition to using the last symbol(s) in a slot, placing the short PUCCH after the DL control region should also be supported by network configuration as it is associated with a series of favorable functionalities [5].
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Figure 1: Short PUCCH format

Proposal: For short PUCCH format
· CP-OFDM is supported
· FDM of PUSCH and PUCCH is supported in UL centric slot and FFS in DL centric slot
· PUCCH sub-band is defined by multiple PRBs and its frequency band should not be greater than the maximum UE BW
· For multiplexing of UCI and DMRS, FDM is preferred
· For PUCCH resource indication, implicit derivation and a combination of semi-static configuration and explicit indication can be considered 
Conclusions
This contribution discusses the design aspects for short format PUCCH and proposes following proposals.

Proposal: For short PUCCH format
· CP-OFDM is supported
· FDM of PUSCH and PUCCH is supported in UL centric slot and FFS in DL centric slot
· PUCCH sub-band is defined by multiple PRBs and its frequency band should not be greater than the maximum UE BW
· For multiplexing of UCI and DMRS, FDM is preferred
· For PUCCH resource indication, implicit derivation and a combination of semi-static configuration and explicit indication can be considered 
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