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1. Introduction

In RAN1#86bis, RAN1#87, and RAN1#AH meetings, the following agreements were made related to UL control channel transmission structure for NR [1-3]. 
	Agreements:
· 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
Agreements:
· In frequency-domain, a PRB (or multiple PRBs) is the minimum resource unit size for UL control channel.
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)
Agreements:
· For PUCCH in long-duration,

· Long UL-part of a slot can be used for transmission of PUCCH in long-duration.

· i.e., PUCCH in long-duration is supported for both UL-only slot and a slot with the number of uplink symbols greater than X (X >= 2).
· FFS exact value of X
· In addition to simultaneous PUCCH-PUSCH transmission, UCI on PUSCH is supported.
· Intra-slot frequency-hopping is supported

Agreements:
· For further discussion of PUCCH in short-duration, UCI payload of 1 – at least a few tens of bits (or SR) is assumed.
· For further discussion of PUCCH in long-duration, UCI payload of 1 – at least a few hundreds of bits (or SR) is assumed.
· For PUCCH in long-duration, DFT-s-OFDM waveform is supported.
· For PUCCH in long-duration, transmit antenna diversity is supported.
· FFS: PUCCH in short-duration


In this contribution, we discuss and provide our view on design of long duration UL control channel type for NR. Hereafter, UL control channel for NR is simply denoted as “NR-PUCCH”. 
2. Support of long duration NR-PUCCH format
Long duration NR-PUCCH format can be defined as a UL control channel structure occupying one or multiple slot(s), and it would be necessary to support sufficient UL coverage and large payload UCI transmission. On design of this long duration NR-PUCCH format, it was agreed that TDM between DMRS and UCI is supported at least for DFT-s-OFDM. DMRS part can consist of a sequence (e.g. Zadoff-Chu (ZC)) while UCI part can consist of either sequence (e.g. ZC) or UCI coded symbol (with DFT) according to UCI payload size or UCI type. This type of long duration NR-PUCCH can guarantee low PAPR comparable with current LTE PUCCH (for example, in case when ZC sequence is used for DMRS, and ZC sequence or DFTed UCI symbol is considered for UCI part), and also could support large UCI payload size by using more resources compared to short duration NR-PUCCH. Regarding PUCCH resource structure in terms of DMRS/UCI multiplexing, one possible approach can be to reuse LTE PUCCH design while potential impact by shortening PUCCH duration (e.g. reducing the number of PUCCH symbols) needs to be considered. The detailed consideration points for design of the long NR-PUCCH with TDMed DMRS and UCI will be discussed in Section 3.
In addition to TDMed DMRS/UCI structure, FDM between DMRS and UCI can be considered to enlarge resource efficiency of NR-PUCCH. In this case, DMRS and UCI are FDMed within each symbol, and then the symbol with FDMed DMRS/UCI is simply repeated over one or multiple slot(s) for a NR-PUCCH transmission. This type of long duration NR-PUCCH can provide resource efficiency by flexible DMRS/UCI ratio adjustment and commonality (and expandability) in design of multiple NR-PUCCH types with different duration while PAPR in UL might be increased compared to current LTE PUCCH structure. 

3. Design of long duration NR-PUCCH format
Regarding the long duration NR-PUCCH format with the agreed TDMed DMRS/UCI structure, there seems to be several consideration points as the followings. 
3.1. Resource mapping
Considering efficient resource utilization, low PAPR in UL, and frequency diversity transmission, both localized and distributed mapping are to be supported for the mapping of UL control resources (e.g. UL REG defined in [4]) belonging to a NR-PUCCH. Besides, in order to achieve more frequency diversity gain, frequency hopping of the UL control resource over symbols can be considered further while potential performance loss due to power transient period should be investigated. In this sense, frequency hopping would be desirable for long duration NR-PUCCH to achieve frequency diversity gain while distributed resource mapping would be more proper for short duration NR-PUCCH. The detailed resource configuration is discussed in our companion contribution [5].
3.2. DMRS/UCI density
If we recall the design of LTE PUCCH that the number of DMRS symbols is comparable to that of UCI symbols for LTE PUCCH format 1 while the number of DMRS symbols is smaller than that of UCI symbols for LTE PUCCH format 2/3/4/5, it seems to be reasonable that the ratio of the number of DMRS symbols to that of UCI symbols can be adjusted according to supportable maximum UCI payload size. For instance, comparable density between DMRS and UCI can be considered for small UCI payload size (e.g., composed of HARQ-ACK) to satisfy tight performance requirement (correspondingly, PUCCH multiplexing capacity is increased). For another instance, less density of DMRS compared to UCI can be considered for large payload size (e.g., composed of CSI) with relatively loose performance requirement (correspondingly, PUCCH multiplexing capacity is decreased).
Proposal 1: Consider DMRS/UCI density adjustment (and PUCCH multiplexing capacity) of long NR-PUCCH according to supportable UCI payload size by long NR-PUCCH.

3.3. DMRS symbol location
Two types of DMRS symbol location can be considered for this structure as: 1) front-loaded DMRS type where DMRS is transmitted in the first symbol(s) of NR-PUCCH, or 2) fixed-location DMRS type where DMRS is transmitted in the symbol(s) with certain index. Front-loaded DMRS type could be useful in the aspect of HARQ latency reduction by facilitating fast channel estimation while fixed-location DMRS type could beneficial in the aspect of UL resource flexibility by providing better multiplexing between NR-PUCCHs with different duration.
Proposal 2: Consider two types of DMRS symbol location for long NR-PUCCH: 1) front-loaded DMRS type (for latency reduction), 2) fixed-location DMRS type (for efficient multiplexing). 
3.4. NR-PUCCH multiplexing
To enhance the resource efficiency, multiple long NR-PUCCHs configured with same or different amount of resource can be multiplexed in FDM/TDM/CDM manner. For instance, UCI part or DMRS part configured with ZC sequence can be multiplexed in CDM manner by using different cyclic shift values. For another instance, UCI part configured with sequence or coded UCI symbols can be multiplexed in CDM manner by using time domain (or frequency domain) OCC.
Proposal 3: Consider multiplexing method between long duration NR-PUCCHs.
4. Conclusion
In this contribution, we discussed and provided our view on the design of long duration NR-PUCCH format, and the followings are proposed: 
Proposal 1: Consider DMRS/UCI density adjustment (and PUCCH multiplexing capacity) of long NR-PUCCH according to supportable UCI payload size by long NR-PUCCH.

Proposal 2: Consider two types of DMRS symbol location for long NR-PUCCH: 1) front-loaded DMRS type (for latency reduction), 2) fixed-location DMRS type (for efficient multiplexing). 

Proposal 3: Consider multiplexing method between long duration NR-PUCCHs.
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