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1 Introduction
In this contribution, we discuss long duration PUCCH formats to support in NR. Four formats are provided for different payload size or different types of UCI. The following agreement from the last RAN1 NR AH meeting is taken into account in the design of the long PUCCH formats.
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.
As NR long duration PUCCHs would have similar structures as LTE PUCCHs, LTE PUCCH structures can be taken as a starting point for consideration.  
2 Long PUCCH formats
In LTE, five PUCCH formats are supported as of Rel-13. In Rel-8, PUCCH formats 1/1a/1b and 2 were introduced and in Rel-10, PUCCH format 3 was added in order to support larger UCI payload and also to support transmission of HARQ-ACK and other UCI for multiple CA cells via PUCCH sent on a PCell. 
NR long PUCCH formats can be designed based on these LTE PUCCH formats. In doing so, to streamline the PUCCH formats seems necessary because some LTE formats are somewhat overlapped in use cases and functionality. Table 1 below proposes NR long PUCCH formats and the formats are mainly divided depending on the supported UCI payload size. The long PUCCH formats utilize the structure of LTE PUCCH formats 1/1a/1b, 3 and 5. It is noted that each format supports multiplexing of multiple UEs within the same PRB except for long PUCCH format 3 which is based on LTE PUCCH format 4. Each of the long PUCCH formats has a corresponding short PUCCH format, as presented in our companion contributions [1][2], except for the long PUCCH format 3 which supports the UCI payload size exceeding the limits of short duration PUCCHs.
Table 1. NR long PUCCH formats.
	Format
	Payload size (bit)
	UCI types
	Modulation
	# PRBs 
(in case w/o freq. div)
	Features

	0
	1
	SR
	OOK
	1
	based on LTE PUCCH format 1,
length-12 sequence per UL symbol 

	1
	1 or 2
	HARQ-ACK
	BPSK/
QPSK
	1
	based on LTE PUCCH format 1a/1b,
length-12 sequence per UL symbol, 
about x/2 DMRS symbols for PUCCH length x

	2
	~ a few tens
	all UCI types, 
UCI combinations
	QPSK
	1~ 2
	based on LTE PUCCH format 3, 
about x/3 DMRS symbols for PUCCH length x,
two PRBs configurable for large payload size

	3
	~ a few hundreds
	all UCI types, 
UCI combinations
	QPSK
	up to several PRBs
	based on LTE PUCCH format 4, 
PUSCH like structure,
number of PRBs depends on payload size,
FFS: UE multiplexing within the same PRB


Multiple values for the number of UL symbols within a long PUCCH transmission are to be supported with a minimum of 4 symbols as agreed in RAN1#88. The various transmission lengths can necessitate additional DMRS structures to be introduced in addition to the ones defined for LTE PUCCH formats. For example, for long PUCCH format 1 in Table 1 (based on LTE PUCCH format 1a/1b), two and four DMRS symbols can be configured in cases of PUCCH lengths 4 and 7, respectively, in order to achieve optimal performance at the gNB receiver. Detailed structure of the long PUCCH format 1 to support the wide range of lengths {4, 5, …, 13, 14} symbols is presented in our companion contribution [4].
Multiplexing of multiple long PUCCHs and multiplexing between different UEs within the same PRB can be supported as done by LTE PUCCH formats. Long PUCCH formats 1 and 2 in Table 1 can be multiplexed by using a different cyclic shift for each of the PUCCHs. On the other hand, enhancement of the multiplexing capacity by orthogonal code covering should be further investigated taking into account complexities incurred by the varying lengths of long PUCCH transmissions. 
In order to minimize under-utilization of the resource for cases that long PUCCH format 3 (based on LTE PUCCH format 4) is used to carry just a few dozens of UCI bits, configuring up to 2 PRBs with long PUCCH format 2 can be considered, unlike only one PRB can be configured for LTE PUCCH format 3.
3 Conclusion 

In this contribution, we have discussed and presented four formats for NR long duration PUCCH for different payload size or different types of UCI. We propose that the four long PUCCH formats provided in Table 1 are considered for NR.
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