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1. Introduction

In NR SI phase, RAN1#88bis, and RAN#89, the following agreements were made related to UL control channel transmission structure for NR [1-6].
	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,

· Intra-slot frequency-hopping is supported

Agreements:
· For a given UCI payload, long-PUCCH is designed such that:

· FFS: UE multiplexing capacity should be same/similar to LTE PUCCH

· PAPR/CM should be same/similar to LTE PUCCH except for NR CP-OFDM case (if supported)

· Frequency-diversity gain should be same/similar to LTE PUCCH

· Interference randomization should be enabled

· For more than 2 UCI bits, strive for scalable design with long-PUCCH with respect to the number of UCI bits

· Strive for scalable design with long-PUCCH with respect to the number of symbols

Agreements:

· For PUCCH in long duration, 

· At least for 1 or 2 UCI bits, the UCI can be repeated within N slots (N>1)

· The N slots may or may not be adjacent in slots where PUCCH in long duration is allowed

· Details are FFS, including repetition scheme including same or different formats, the possible value(s) N, the mechanism to determine the value of N, etc.

· FFS for >2 UCI bits

· FFS the case of within a slot
Agreements:

· The set of the number of symbols for long duration NR-PUCCH in a slot includes {4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14}

· FFS whether or not it depends on the slot type, # of symbols per slot, etc.
Agreements:
· NR supports following long-PUCCH:
· One PUCCH format for UCI with up to 2 bits with high multiplexing capacity

· One PUCCH format for UCI with large payload with no multiplexing capacity

· FFS: One PUCCH format for UCI with moderate payload with some multiplexing capacity

· Note: this could be a variation of one of the former PUCCH formats.


In this contribution, we discuss and provide our view on design of long duration UL control channel especially for UCI payload with more than 2 UCI bits. Hereafter, UL control channel for NR is simply denoted as “NR-PUCCH”. 
2. Overall structure of long duration NR-PUCCH

Long duration NR-PUCCH is essential to support sufficient UL coverage and large payload UCI transmission. According to agreements in RAN1#88bis meeting, it is required to support long duration NR-PUCCH with all possible numbers of symbols in the range [4, 14]. In order to minimize NR specification impact and strive for scalable design with respect to the number of symbols, we propose to define PUCCH resource unit (PRU) having the minimum set of the number of symbols (i.e., {2,3,4,5,6,7}), and then, one long duration NR-PUCCH can be constructed by combining PRUs as shown in Table 1.

Table 1. Structure of long duration NR-PUCCH based on PRU combination

	Long PUCCH type
	# of symbols
	w/ frequency hopping
	w/o frequency hopping

	A
	4
	PRU(2)+PRU(2)
	PRU(4)

	B
	5
	PRU(2)+PRU(3)
	PRU(5)

	C
	6
	PRU(3)+PRU(3)
	PRU(6)

	D
	7
	PRU(3)+PRU(4)
	PRU(7)

	E
	8
	PRU(4)+PRU(4)
	PRU(4)+PRU(4)

	F
	9
	PRU(4)+PRU(5)
	PRU(4)+PRU(5)

	G
	10
	PRU(5)+PRU(5)
	PRU(5)+PRU(5)

	H
	11
	PRU(5)+PRU(6)
	PRU(5)+PRU(6)

	I
	12
	PRU(6)+PRU(6)
	PRU(6)+PRU(6)

	J
	13
	PRU(6)+PRU(7)
	PRU(6)+PRU(7)

	K
	14
	PRU(7)+PRU(7)
	PRU(7)+PRU(7)


In Table 1, PRU with contiguous X symbols in the same frequency resource is denoted as PRU(X). We can observe that each long PUCCH type corresponds to a specific number of symbols and is composed of two PRUs or one PRU depending on the number of symbols and according to whether frequency hopping is applied or not. When frequency hopping is applied for a long PUCCH type in a given slot, each PRU is per hopping leg and two PRUs have nearly equal number of symbols, considering RS overhead and UE multiplexing capacity. Figure 1 depicts an example of long PUCCH type H with combination of PRU(5) and PRU(6) for frequency hopping case. On the other hand, when frequency hopping is not applied, long PUCCH type A/B/C/D are configured with one PRU, respectively, and other long PUCCH types are composed of two PRUs on the same frequency resource. In case with odd number of symbols for PUCCH, allocating more symbols into the second hopping leg than the first hopping leg would be desirable with consideration of shortened long PUCCH for SRS (or short PUCCH) in the last part of a slot. It is worthwhile to note that all possible 11 long NR-PUCCH types with or without frequency hopping can be constructed based on combinations of only 6 kinds of PRUs.
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Figure 1. Example of long PUCCH type H with 11 symbols (PRU(5) + PRU(6))

Proposal #1: Long duration NR-PUCCH with all possible numbers of symbols in the range [4, 14] is constructed based on combinations of PUCCH resource units (PRUs) composed of consecutive {2, 3, 4, 5, 6, 7} symbols (as shown in Table 1).
3. Design of long duration NR-PUCCH for more than 2 UCI bits
In this section, we provide the detailed design of long NR-PUCCH in terms of regarding UCI composition and DMRS location for each PRU.
3.1. UCI composition
In RAN1#89, it was agreed to introduce one PUCCH format supporting large UCI payload with no multiplexing capacity. In this case, UCI coded bits with DFT transform can be mapped over multiple OFDM symbols, and can be rate-matched depending on the allocated number of symbols in a slot.

On top of the above, in order for better UL (control) resource efficiency by increasing UE multiplexing capacity, it may need to consider another PUCCH format supporting the UCI with medium payload size. One approach could be that encoded UCI bits can be mapped within one OFDM symbol in each hopping leg or PRU (i.e. like LTE PUCCH format 3) where DFT transform could be applied for the coded UCI bits for PAPR reduction. Then, the UCI mapped into one symbol can be transmitted repeatedly over multiple symbols and time domain OCC can be used over the repeated UCI symbols, considering different OCC length (and DMRS parameter) for variable number of UL control symbols in each slot.
Another approach would be that UCI coded bits with DFT transform can be mapped over multiple OFDM symbols, and can be rate-matched depending on the allocated number of symbols in a slot. Then, frequency domain OCC can be applied (similarly with LTE PUCCH format 5) not only to increase UE multiplexing capacity but also to maintain UCI coding rate regardless of the number of UCI symbols, where the OCC length could be determined in proportion to the number of UCI symbols. Assume that length-4 OCC is applied to long NR-PUCCH in frequency domain (similarly with LTE PUCCH format 5), if the time duration (i.e., the number of symbols) of long NR-PUCCH is reduced (e.g., from 4 to 2) for the same UCI payload, there can be two possible options in terms of applying frequency domain OCC. One is to keep the length of OCC for maintain UE multiplexing capacity while UCI coding rate is increased. The other one is to reduce the length of OCC for maintain UCI coding rate while UE multiplexing capacity is decreased. The former option would be better for multi-UE support while the latter option would be better for UCI performance. Figure 2 depicts an example case where the length of frequency domain OCC is determined in proportion to the number of UCI symbols.
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Figure 2. Example of OCC length for long NR-PUCCH per symbol duration

On the other hand, if the resource for long NR-PUCCH is scaled in both time and frequency domain by preserving the number of total REs, UCI coding rate as well as UE multiplexing capacity can be kept with the same length of frequency domain OCC as shown in Figure 3.
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Figure 3. Example of OCC length for long NR-PUCCH with time/frequency resource scaling

Proposal #2: Following two candidates can be considered for PUCCH format supporting medium UCI payload size.

· Candidate 1: UCI coded bits (with DFT) mapped on one symbol is repeated over multiple symbols with time domain OCC.
· Candidate 2: UCI coded bits (with DFT) are mapped over allocated multiple symbols and frequency domain OCC is applied over the multiple symbols. In order to preserve UCI coding rate and/or UE multiplexing capacity of long NR-PUCCH, variable length of OCC and/or number of PRBs can be considered according to the number of symbols composed of the long NR-PUCCH.
3.2. DMRS location
In case of long NR-PUCCH for more than 2 UCI bits, we can consider less density of DMRS compared to UCI, similar to LTE PUCCH format 2/3/4/5. To support UE multiplexing in CDM manner, it would be reasonable to fix DMRS location with respect to the length of PRU. In addition, considering the impact of power transient period, it seems beneficial to locate DMRS symbol in the middle of PRU. Therefore, based on the consideration of DMRS density, UE multiplexing, and power transient period, we propose DMRS location per PRU for more than 2 UCI bits as Table 2. In Table 2, PRU with contiguous X symbols is referred to as PRU(X). In particular, in case of PRU(6) and PRU(7), it may be necessary to further consider on how many DMRS symbols are appropriate for more than 2 bits.
Table 2. DMRS location per PRU for long NR-PUCCH supporting more than 2 UCI bits
	
	# of symbols
	# of DMRS symbol(s)
	DMRS location

(R: DMRS symbol, U: UCI symbol)

	PRU(2)
	2
	1
	RU

	PRU(3)
	3
	1
	URU

	PRU(4)
	4
	1
	URUU

	PRU(5)
	5
	1
	UURUU

	PRU(6)
	6
	1
	UURUUU

	
	
	2
	URUURU

	PRU(7)
	7
	1
	UUURUUU

	
	
	2
	URUUURU


When long duration NR-PUCCH consists of two PRUs, the same DMRS location within each PRU (or mirrored DMRS location) can be applied. Figure 2 depicts an example of long PUCCH type H with combination of PRU(5) and PRU(6) for frequency hopping case. Additionally, if we may take the aspect of HARQ latency reduction into account by facilitating fast channel estimation, front-loaded DMRS type can be considered on top of DMRS location shown in Table 2.
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Figure 2. Example of long PUCCH type H for more than 2 bits with 11 symbols (PRU(5) + PRU(6))

Proposal #3: For large UCI payload with more than 2 bits, DMRS location per PUCCH resource unit (PRU) for the long NR-PUCCH is to be determined with consideration of UCI payload size and performance (as provided in Table 2).
4. Conclusion
In this contribution, we discussed and provided our view on the design of long duration NR-PUCCH for more than 2 UCI bits, and the followings are proposed:
Proposal #1: Long duration NR-PUCCH with all possible numbers of symbols in the range [4, 14] is constructed based on combinations of PUCCH resource units (PRUs) composed of consecutive {2, 3, 4, 5, 6, 7} symbols (as shown in Table 1).
Proposal #2: Following two candidates can be considered for PUCCH format supporting medium UCI payload size.

· Candidate 1: UCI coded bits (with DFT) mapped on one symbol is repeated over multiple symbols with time domain OCC.
· Candidate 2: UCI coded bits (with DFT) are mapped over allocated multiple symbols and frequency domain OCC is applied over the multiple symbols. In order to preserve UCI coding rate and/or UE multiplexing capacity of long NR-PUCCH, variable length of OCC and/or number of PRBs can be considered according to the number of symbols composed of the long NR-PUCCH.

Proposal #3: For large UCI payload with more than 2 bits, DMRS location per PUCCH resource unit (PRU) for the long NR-PUCCH is to be determined with consideration of UCI payload size and performance (as provided in Table 2).
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