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1. Introduction

In RAN1#86bis and RAN1#87 meetings, following agreements were made related to UL control channel transmission structure for NR [1-2]. 
	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.
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:
· 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)
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 provide and summarize our overall view on structure of UL control channel for NR and suggest design principle of various UL control channel formats according to transmission duration in time (i.e., one-symbol, short duration, long duration). Hereafter, UL control channel for NR is simply denoted as “NR-PUCCH”. 
2. Definition of UL control resource unit
In order for the detailed design of NR-PUCCH structure, first of all, basic UL control resource unit can be defined as below, with consideration of the above agreements. 

· UL REG: consecutive PRB(s) in one symbol (e.g., N PRB(s) per REG where value of N is FFS)
· UL CCE: a set of REGs (e.g., K REGs per CCE where value of K is FFS)

· NR-PUCCH: consisting of one or multiple CCEs

First of all, regarding the UL REG, component N PRB(s) is considered to be consecutive in frequency-domain. Here, one REG can contain: 1) DMRS only, or 2) UCI only, or 3) both DMRS and UCI, according to multiplexing manner between DMRS and UCI for a given NR-PUCCH structure [3-5]. Regarding the UL CCE, for example (e.g. in case of short duration NR-PUCCH in below), one CCE can consist of K REGs in one symbol (i.e., aggregated in frequency-domain), and component K REGs can be either localized or distributed in frequency. As another example (e.g. in case of long duration NR-PUCCH in below), one CCE can consist of K REGs over multiple (k) symbols (i.e., aggregated in time-domain), and component REGs can be localized in frequency (for a certain time duration) or can have frequency hopping (between the time durations). Based on the above, one NR-PUCCH can consist of one or multiple CCEs. For example, multiple CCEs aggregated in frequency can be configured as one NR-PUCCH for larger UCI size or more diversity. As another example, multiple CCEs aggregated in time can be configured as one NR-PUCCH for more enhanced coverage.
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Figure 1: Example of UL control resource units for NR-PUCCH
Proposal #1: UL control resource unit is to be defined for design of NR-PUCCH structure. 

· UL REG: consecutive PRB(s) in one symbol (e.g., N PRB(s) per REG where value of N is FFS)
· UL CCE: a set of REGs (e.g., K REGs per CCE where value of K is FFS)

· NR-PUCCH: consisting of one or multiple CCEs

3. Classification of NR-PUCCH formats
Considering flexible DL/UL configuration, various usage scenarios, different UE conditions under the NR environments, following three formats of NR-PUCCH are to be defined. 
· One-symbol NR-PUCCH format 
· Long duration NR-PUCCH format (e.g. one or multiple slot(s))
· Short duration NR-PUCCH format (e.g. a few symbols smaller than one slot)
In case of one-symbol NR-PUCCH format, it could be employed for dynamic TDD operation with flexible DL/UL configuration and URLLC use case with HARQ latency reduction. In case of long duration NR-PUCCH format which may occupy, for example, one or multiple slots, it could be required to support sufficient UL coverage and large payload UCI transmission. In case of short duration NR-PUCCH which may occupy, for example, a few symbols smaller than one slot, it might be useful to support moderate coverage UE, large payload UCI, and to enable flexible DL/UL configuration. 
Based on the above, a UE can be configured with one or multiple NR-PUCCH format(s) by eNB according to usage scenario, UE coverage condition, and UCI type or size. Moreover, considering different coverage condition per UE and various payload size per UCI type, it should be supported that multiple different NR-PUCCH formats (for example, one-symbol (or short duration) NR-PUCCH and long duration NR-PUCCH) are coexisted (and multiplexed/transmitted simultaneously with proper handling) within a same time unit (e.g. slot), from both eNB and UE perspective. Furthermore, multiple different UL channels and signals (e.g. UL data channel, UL sounding RS) including NR-PUCCH could also be scheduled/configured simultaneously within a same time unit (e.g. slot) in NR [6]. 
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Figure 2: Example of UL channel multiplexing structure for NR
Proposal #2: NR-PUCCH format is to be classified with consideration of NR environments. 

· One-symbol NR-PUCCH format 
· Long duration NR-PUCCH format (e.g. one or multiple slot(s))
· Short duration NR-PUCCH format (e.g. a few symbols smaller than one slot)
4. Design of each NR-PUCCH format
For each NR-PUCCH format listed in the above, we briefly provide our view on design principle of each NR-PUCCH format, and the detailed design is provided in our companion papers [3-5]. 
4.1. One-symbol NR-PUCCH structure
On design of one-symbol NR-PUCCH format, following four structures are to be considered in terms of multiplexing between DMRS and UCI. 
· FDM between DMRS and UCI (with nominal sub-carrier spacing used for data channel)
· TDM between DMRS and UCI with sub-symbol duration (by enlarging sub-carrier spacing)

· FDM between DMRS and UCI with sub-symbol duration (by enlarging sub-carrier spacing)
· Sequence type UCI transmission (without associated DMRS)
In the FDM case, basically, DMRS and UCI are FDMed in a same symbol (e.g., normal symbol with nominal sub-carrier spacing used for data channel, or sub-symbol with larger sub-carrier spacing than that used for data). More specifically, DMRS part can consist of a sequence (e.g. Zadoff-Chu (ZC) or Pseudo-Random (PR) sequence) while UCI part can consist of either sequence (e.g. ZC or PR) or UCI coded symbol according to UCI type or size. In the TDM case, within one normal symbol duration, DMRS and UCI are TDMed based on sub-symbol duration by enlarging sub-carrier spacing (SCS) compared to the nominal SCS. In case of the sequence type, for example, based on the (preconfigured) mapping between multiple UCI states (e.g. ACK, NACK) and multiple sequences, one of the multiple sequences is selected according to the UCI state and transmitted alone without associated DMRS. More detailed explanation and observations are provided in [3].
Proposal #3: Following structures are to be considered for one-symbol NR-PUCCH format. 

· FDM between DMRS and UCI (with nominal sub-carrier spacing used for data channel)
· TDM between DMRS and UCI with sub-symbol duration (by enlarging sub-carrier spacing)
· FDM between DMRS and UCI with sub-symbol duration (by enlarging sub-carrier spacing)
· Sequence type UCI transmission (without associated DMRS)
4.2. Short duration NR-PUCCH structure
On design of short duration NR-PUCCH format, following two structures are to be considered in terms of multiplexing between DMRS and UCI. 

· TDM between DMRS and UCI (with normal symbol duration based on nominal SCS)
· Time-domain repetition of one-symbol NR-PUCCH structure 
In the TDM case, DMRS and UCI are TDMed based on normal symbol duration by keeping nominal SCS for UL control channel. 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. Note in this case that two types of DMRS symbol location can be considered as: 1) front-loaded type, or 2) fixed symbol index type. In the repetition case, one-symbol NR-PUCCH structure provided in the above is simply repeated over multiple symbols configured for a UL control channel transmission. Moreover, multiple NR-PUCCH resources consisting of different number of symbols could be multiplexed in a same slot for UL resource flexibility. More detailed explanation and observations are provided in [4].
Proposal #4: Following structures are to be considered for short duration NR-PUCCH format. 

· TDM between DMRS and UCI (with normal symbol duration based on nominal SCS)
· Time-domain repetition of one-symbol NR-PUCCH structure 
4.3. Long duration NR-PUCCH structure
On design of long duration NR-PUCCH format, following two structures are to be considered in terms of multiplexing between DMRS and UCI. 
· Time-domain extension of short duration NR-PUCCH structure
· Reuse (or modification) of LTE PUCCH structure
In the extension case, short duration NR-PUCCH structure provided in the above is extended over one or multiple slot(s) configured for a UL control channel transmission. In the reuse case, current LTE PUCCH structure with multiple different format (e.g. PUCCH format 1/2/3/4/5) is reused (for example, in case of UL only slot) or modified (for example, by shortening PUCCH duration for the slot consisting of both DL control and UL region) for the NR. Moreover, with consideration of flexible DL/UL configuration for dynamic TDD operation in the NR, the resources configured for a single long duration NR-PUCCH transmission over multiple slots could be discontinuous in time domain. More detailed explanation and observations are provided in [5].
Proposal #5: Following structures are to be considered for long duration NR-PUCCH format. 

· Time-domain extension of short duration NR-PUCCH structure
· Reuse (or modification) of LTE PUCCH structure
5. Conclusion
In this contribution, we provided our overall view on the structure of NR-PUCCH formats and design principle of NR-PUCCH formats, and the followings are proposed: 
Proposal #1: UL control resource unit is to be defined for design of NR-PUCCH structure. 

· UL REG: consecutive PRB(s) in one symbol (e.g., N PRB(s) per REG where value of N is FFS)
· UL CCE: a set of REGs (e.g., K REGs per CCE where value of K is FFS)

· NR-PUCCH: consisting of one or multiple CCEs

Proposal #2: NR-PUCCH format is to be classified with consideration of NR environments. 

· One-symbol NR-PUCCH format
· Long duration NR-PUCCH format (e.g. one or multiple slot(s))
· Short duration NR-PUCCH format (e.g. a few symbols smaller than one slot)
Proposal #3: Following structures are to be considered for one-symbol NR-PUCCH format. 

· FDM between DMRS and UCI (with nominal sub-carrier spacing used for data channel)
· TDM between DMRS and UCI with sub-symbol duration (by enlarging sub-carrier spacing)
· FDM between DMRS and UCI with sub-symbol duration (by enlarging sub-carrier spacing)
· Sequence type UCI transmission (without associated DMRS)
Proposal #4: Following structures are to be considered for short duration NR-PUCCH format. 

· TDM between DMRS and UCI (with normal symbol duration based on nominal SCS)
· Time-domain repetition of one-symbol NR-PUCCH structure 
Proposal #5: Following structures are to be considered for long duration NR-PUCCH format. 

· Time-domain extension of short duration NR-PUCCH structure
· Reuse (or modification) of LTE PUCCH structure
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