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1. Introduction

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


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. Design of long duration NR-PUCCH type
Long duration NR-PUCCH type 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 type, following structures are to be considered in terms of multiplexing between DMRS and UCI. 
· Time-domain repetition of FDMed DMRS/UCI structure
· Time-domain extension of TDMed DMRS/UCI structure
· Reuse (or modification) of LTE PUCCH structure
2.1. Time-domain repetition of FDMed DMRS/UCI structure
In this case, firstly, DMRS and UCI are FDMed within each symbol as one of one-symbol NR-PUCCH designs [2]. More specifically, DMRS part can consist of a sequence (e.g. Zadoff-Chu (ZC) or Pseudo-Random (PR) sequence), and UCI part can consist of either sequence (e.g. ZC or PR) or UCI coded symbol according to UCI type or size. Then, this symbol structure containing FDMed DMRS/UCI is simply repeated over one or multiple slot(s) configured for a UL control channel transmission. This type of long duration NR-PUCCH can provide commonality (and expandability) in design of various NR-PUCCH types having different duration while PAPR in UL might be increased compared to current LTE PUCCH structure based on single carrier property. 
2.2. Time-domain extension of TDMed DMRS/UCI structure
In this case, firstly, DMRS and UCI are TDMed with different symbols as one of short duration NR-PUCCH designs [3]. Similarly, DMRS part can consist of a sequence (e.g. ZC or PR) while UCI part can consist of either sequence (e.g. ZC or PR) or UCI coded symbol according to UCI type or size. Moreover, 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 of NR-PUCCH, or 2) fixed symbol index 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 symbol index DMRS type could beneficial in the aspect of UL resource flexibility by providing better multiplexing between NR-PUCCHs with different duration. 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 symbol is considered for UCI part), and also could provide common design at least with short duration NR-PUCCH type. 
2.3. Reuse (or modification) of LTE PUCCH structure
In this case, basically, current LTE PUCCH structure with multiple different format (e.g. PUCCH format 1/2/3/4/5) can be reused for long duration NR-PUCCH type, at least in case of UL only slot. In case of the slot consisting of both DL control and UL region, on the other hand, shortening of the LTE PUCCH duration may be required for each PUCCH format. For example, in case of PUCCH format 1/3, length of time-domain OCC (i.e., multiplexing capacity) is to be reduced while maximum UCI payload size (for a given maximum UCI code rate) on PUCCH is to be reduced. This approach can provide reusability of LTE PUCCH design while potential impact by shortening PUCCH duration (e.g. reducing the number of PUCCH symbols) need to be considered.
Proposal #1: Following structures are to be considered for long duration NR-PUCCH type. 

· Time-domain repetition of FDMed DMRS/UCI structure
· Time-domain extension of TDMed DMRS/UCI structure
· Reuse (or modification) of LTE PUCCH structure
3. Issues on long duration NR-PUCCH type

Regarding the long duration NR-PUCCH types including the above approaches, there might be several issues 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. 
3.2. Supported band
Long duration NR-PUCCH type would need to be supported at least for low frequency band (e.g. below 6 GHz) where NR system may operate with single beam. On the other hand, for high frequency band (e.g. above 6 GHz) where NR system may operate with multi-beam based on analog (or hybrid) beamformed transmission with consideration of cell coverage, it may be necessary to discuss whether long duration NR-PUCCH type is required to support for the high frequency band.
3.3. Coverage enhancement
Considering further coverage enhancement for particular UEs (e.g. mMTC UEs under poor coverage), time-domain repetition of long duration NR-PUCCH (e.g. single PUCCH transmission over multiple slots) might need to be considered. In this case, the number of slots and the location of slots (e.g. consecutive or discontinuous) used for one NR-PUCCH transmission may also need to be discussed with consideration of flexible DL/UL configuration. 
Proposal #2: Following aspects are to be considered for the support of long duration NR-PUCCH type. 

· Resource mapping (e.g. in terms of localized/distributed mapping, frequency hopping)
· Supported band (e.g. with/without multi-beam operation)
· Coverage enhancement (e.g. with time-domain repetition)
4. Conclusion
In this contribution, we discussed and provided our view on the design of long duration UL control channel type for NR, and the followings are proposed: 
Proposal #1: Following structures are to be considered for long duration NR-PUCCH type. 

· Time-domain repetition of FDMed DMRS/UCI structure
· Time-domain extension of TDMed DMRS/UCI structure
· Reuse (or modification) of LTE PUCCH structure
Proposal #2: Following aspects are to be considered for the support of long duration NR-PUCCH type. 

· Resource mapping (e.g. in terms of localized/distributed mapping, frequency hopping)
· Supported band (e.g. with/without multi-beam operation)
· Coverage enhancement (e.g. with time-domain repetition)
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