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Introduction
At RAN1 #87, the following was agreed [2]:
Agreements:
· 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.
Agreements:
· 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 cases
· FFS the numbers of the slots
Agreements:
· 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)

In this contribution we discuss design criteria for long PUCCH and how many different formats are needed. We propose to define two different long PUCCH formats, a long PUCCH format for small payload sizes and a long PUCCH format for medium to large payload sizes.
Discussion
Design guidelines
LTE defines a multitude of different PUCCH formats, covering a large range of payload sizes: PUCCH Format 1/1a/1b, 2/2a/2b, 3, 4, and 5. Further differentiation arises from the fact of different PUCCH lengths, e.g. due to extended cyclic prefix or subframes with SRS transmission. 
In NR it is likely that long PUCCH duration can vary even more than in LTE:  NR defines slots of 7 and 14 symbols, slots with DL control region or without, the DL control region can be differently long, numerologies with extended cyclic prefix. 
Defining as many PUCCH formats as in LTE and considering different PUCCH lengths lead to an explosion of NR PUCCH formats. We propose therefore to try to keep the number of NR PUCCH formats small and make them transmission length agnostic, i.e. a format can support multiple PUCCH lengths.
Proposal 1: Strive to keep number of PUCCH formats small.
Proposal 2: Design PUCCH formats to support variable PUCCH transmission length.
Several PUCCH formats in LTE rely on time-domain block-spreading across DFTS-OFDM symbols to multiplex users. Adopting this scheme implies that block-spreading length changes according to the PUCCH length, effectively resulting in different PUCCH structures. Furthermore, to maintain orthogonality all multiplexed PUCCH transmissions must assume the same PUCCH length (and thus block-spreading sequence length). Therefore, multiplexing capability should not be based on time-domain block spreading across OFDM symbols but on multiplexing of different users within one OFDM symbol. PUCCH Format 5 is an example where UCI is block-spread prior DFT-precoding and users are multiplexed using different block-spreading sequences.
Proposal 3: Multiplexing of PUCCH does not rely on time-domain block-spreading across OFDM symbols. Multiplexing of PUCCH is done within an OFDM symbol.
Long PUCCH format for small payloads
LTE supports PUCCH Format 1/1a/1b for payload sizes 1 and 2 bits and PUCCH format 2/2a/2b for payload sizes up to 13 bits. PUCCH Format 1/1a/1b enables multiplexing of up to 36 users while PUCCH Format 2/2a/2b supports multiplexing of up to 12 users. For NR it is discussed to support more explicit PUCCH resource signaling than in LTE; it is doubtful whether an ACK/NACK resource indicator (ARI) would address up to 36 resources. Furthermore, multiplexing of 36 PUCCH Format 1/1a/1b transmissions onto the same time-frequency resource is in practice often limited by interference [3]. We believe it is sufficient to support up to 12 users on one time-frequency resource. PUCCH Format 1/1a/1b relies on time-domain block-spreading across DFTS-OFDM symbols and is therefore inflexible w.r.t. variable PUCCH length. On the other hand, PUCCH Format 2/2a/2b multiplexes users per DFTS-OFDM symbol using orthogonal sequences and is PUCCH-length agnostic.
Proposal 4: Consider design based on PUCCH Format 2 for NR long PUCCH format for payload sizes up to 13 bits. 
Long PUCCH format for medium to large payloads
In addition to a PUCCH format for small payloads at least one more PUCCH format is needed for medium to large payload sizes. 
Proposal 5: In addition to long PUCCH format for small payload size another PUCCH format for medium to large payload sizes is defined.
3GPP agreed in its simulation assumptions for control channel coding scheme on payload sizes up to 200 bits [1]. Such large payload sizes cannot rely on sequence modulation as in PUCCH Format 1/1a/1b and 2/2a/2b but require DFTS-OFDM-based design such as in PUCCH Format 3, 4, and 5. 
Proposal 6: Base long PUCCH format for medium to large payload size on DFTS-OFDM modulation.
To enable payload variability from 10 or so bits to a few hundred bits PUCCH bandwidth needs to be adjustable, as in PUCCH Format 4.
Proposal 7: Long PUCCH format for medium to large payload sizes supports variable number of PRBs to cope with large and wide range of payload size.
To enable multiplexing of users with smaller payload sizes onto the same time-frequency resource in a length-agnostic manner (Proposal 2) multiplexing should not rely on block-spreading across DFTS-OFDM symbols but on multiplexing of PUCCHs within a DFTS-OFDM symbol (Proposal 3). PUCCH Format 5 which applies block-spreading prior DFT-precoding is one example. Another possibility is to use FDM: a PUCCH only occupies a fraction (e.g. comb) of the allocated PUCCH PRB(s) subcarriers. For larger payload sizes all subcarriers of all allocated PRB(s) are assigned to one PUCCH while for smaller payload sizes multiple PUCCHs can share the allocated PRB(s). It is FFS if the capability to share a PRB across multiple PUCCHs is needed for the case of multi-PRB PUCCH.
Proposal 8: Consider for long PUCCH format for medium to large payload size multiplexing of PUCCHs based on block-spreading per DFTS-OFDM symbol or FDM. 
 Conclusion
This paper discusses long PUCCH format. It is proposed to define two different PUCCH formats: one for small payloads and one for medium to large payloads, respectively. Furthermore, the design should be PUCCH-length agnostic. A design for the small payload format is provided and detailed design guidelines for the medium to large payload format are listed. In detail, the following is proposed:
Proposal 1: Strive to keep number of PUCCH formats small.
Proposal 2: Design PUCCH formats to support variable PUCCH transmission length.
Proposal 3: Multiplexing of PUCCH does not rely on time-domain block-spreading across OFDM symbols. Multiplexing of PUCCH is done within an OFDM symbol.
Proposal 4: Consider design based on PUCCH Format 2 for NR long PUCCH format for payload sizes up to 13 bits.  
Proposal 5: In addition to long PUCCH format for small payload size another PUCCH format for medium to large payload sizes is defined.
Proposal 6: Base long PUCCH format for medium to large payload size on DFTS-OFDM modulation.
Proposal 7: Long PUCCH format for medium to large payload sizes supports variable number of PRBs to cope with large and wide range of payload size.
Proposal 8: Consider for long PUCCH format for medium to large payload size multiplexing of PUCCHs based on block-spreading per DFTS-OFDM symbol or FDM.
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