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1. Introduction

In RAN1#89 and RAN1#NR Ad-Hoc#2, the following agreements were made related to UL control channel transmission structure for NR [1],[2].
	Agreements:
· Long duration NR-PUCCH for up to 2 bits in a given slot is composed as the followings:

· HARQ ACK by BPSK or QPSK modulation is repeated in time domain and multiplied with sequence(s)

· FFS: pi/2 BPSK usage
· Two states SR is based on on-off-keying

· Time domain OCC can be applied over multiple UCI/DMRS symbols per frequency hop
Agreements:
· Study whether to support frequency re-tuning within a slot for PUSCH or for PUCCH in the Rel.15 NR.

· More specifically, investigate the impact of frequency-hopping for PUSCH or for PUCCH for a given slot, i.e., intra-slot hopping, within a certain bandwidth or across bandwidths

· The certain bandwidth is maximum UE transmission bandwidth capability.
Agreements:
· For a long PUCCH with up to 2 bits UCI:
· Working assumption:
· DMRS always occurs in every other symbols in the long PUCCH
· FFS: even or odd symbols
· The working assumption can be revisited if an issue is found in terms of transient period.
Agreements:
· The DMRS symbol(s) are formed as follows:
· DMRS for a PUCCH is a sequence (e.g. a cyclic shift of a CAZAC or computer generated sequence) in frequency domain with Orthogonal Cover Code (OCC) in time.
· Note: The data symbols are formed as the following:
· The modulated UCI bit(s) is multiplied with a sequence (e.g. a cyclic shift of a CAZAC or computer generated sequence) in frequency domain with Orthogonal Cover Code (OCC) in time.
· BPSK and QPSK modulations for 1 and 2 UCI bits, respectively.
· Note: The usage of OCC for DMRS and UCI symbols is effectively disabled for differentiation of the users that are assigned with the same OCC.
Agreements:
· For a long PUCCH in a slot,
· At most one hop for the long PUCCH is supported.
· FFS: details


In this contribution, we discuss and provide our view on design of long duration UL control channel especially for UCI payload with 1 or 2 UCI bits. Hereafter, UL control channel for NR is simply denoted as “NR-PUCCH”. 
2. Design of long duration NR-PUCCH for up to 2 UCI bits
In this section, we provide the detailed design of long NR-PUCCH in terms of UCI and DMRS sequence, frequency hopping, DMRS location, and ON/OFF time mask.
2.1. UCI and DMRS sequence
Regarding long NR-PUCCH for 1 or 2 UCI bits, it was agreed that HARQ ACK by BPSK or QPSK modulation is repeated in time domain and multiplied with sequence(s). In general, the sequence defined for LTE PUCCH can be reused for UCI and DMRS sequences in NR-PUCCH with up to 2 UCI bits. 
To support sufficient UE multiplexing capacity, time domain OCC (on top of cyclic shift) was agreed to be applied over multiple UCI/DMRS symbols per frequency hop. In detail, OCC length can be different between frequency hops if each hop has different number of symbols. In this case, UE multiplexing capacity can be determined by the minimum OCC length among UCI and DMRS in each hop. For instance, in case of long PUCCH with 11 symbols as shown in Figure 1, maximum UE multiplexing capacity is determined by the number of RS symbols in the first hop for which shorter OCC length is used compared to UCI part or RS/UCI part in the second hop. In this case, for example, 2 OCC sequences and 12 CS indices can be used for RS and UCI in case of the first hop. In case of the second hop, on the other hand, it can be considered to use either 1) 2 OCC sequences and 12 CS indices or 2) 3 OCC sequences and 8 CS indices for supporting the same UE multiplexing capacity.
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Figure 1. Example of long PUCCH for up to 2 bits with 11 symbols

Furthermore, considering the support of multiplexing between long NR-PUCCHs without hopping and with hopping, basically, OCC structure defined for the case with hopping also has to be applied for the long NR-PUCCH without hopping to maintain the UE multiplexing capacity. Further study would be necessary to increase UE multiplexing capacity when frequency hopping is not performed.
Proposal #1: Reuse LTE PUCCH sequence for UCI and DMRS sequences in NR-PUCCH with up to 2 UCI bits.
2.2. Frequency hopping
When frequency hopping is applied for a long PUCCH in a given slot, each hopping leg has nearly equal number of symbols, considering RS overhead and UE multiplexing capacity. 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.
In addition, it may be necessary to further investigate on efficient frequency hopping considering RS overhead for PUCCH transmission and potential performance loss due to power transient period. For instance, considering RS overhead and power transient due to short hopping period, it would be reasonable to allow intra-slot hopping only for more than X symbols (i.e., disable intra-slot hopping for less than or equal to X symbols). For another instance, timing gap (e.g., 1 symbol) between hopping legs can be provided considering the impact of power transient period. Furthermore, for multi-slot NR-PUCCH transmission, inter-slot hopping without intra-slot hopping seems to be beneficial in terms of RS overhead.

In RAN1#89, it was discussed whether to support frequency hopping across the configured bandwidth parts. Due to frequency retuning time, at least one symbol may need to be blanked, which leads to UCI performance loss within a slot and the decrease of UE multiplexing capacity. Therefore, frequency hopping within a slot should be performed within the assigned bandwidth part.

Proposal #2: When frequency hopping is applied for a long PUCCH with X symbols in a given slot, the first hopping leg has floor{X/2} symbols and the second hopping leg has X-floor{X/2} symbols.

Proposal #3: It can be considered to support the configurability on enabling/disabling of intra-slot hopping for long duration PUCCH, with consideration of RS overhead.
Proposal #4: Frequency hopping within a slot should be performed within the configured bandwidth part.
2.3. DMRS location
In RAN1#NR Ad-Hoc#2, it was agreed to make working assumption that DMRS always occurs in every other symbols in the long PUCCH. Table 1 shows our proposal for DMRS location based on following rules.
· The last symbol is fixed to UCI symbol, considering the impact of power transient period when SRS (or short PUCCH) is followed by long PUCCH.
· In case with odd number of symbols for long PUCCH, more symbols are allocated into the second hopping leg than the first hopping leg.

· Intra-slot frequency hopping can be disabled for long PUCCH with up to 7 symbols.
Table 1. DMRS location per the number of symbols for long NR-PUCCH supporting up to 2 UCI bits

	# of symbols
	DMRS location w/ hopping
(R: DMRS symbol, U: UCI symbol, “+”: hopping center)
	DMRS location w/o hopping
(R: DMRS symbol, U: UCI symbol)

	4
	RU + RU
	RURU

	5
	UR + URU
	URURU

	6
	RUR + URU
	RURURU

	7
	URU + RURU
	URURURU

	8
	RURU + RURU
	

	9
	URUR + URURU
	

	10
	RURUR + URURU
	

	11
	URURU + RURURU
	

	12
	RURURU + RURURU
	

	13
	URURUR + URURURU
	

	14
	RURURUR + URURURU
	


Proposal #5: DMRS always occurs in every other symbols in the long PUCCH where the last symbol of the PUCCH is fixed to UCI symbol (as provided in Table 1).
2.4. ON/OFF time mask
In this section, we discuss ON/OFF time mask of the long PUCCH, especially for intra-slot frequency hopping case and the starting/ending of long PUCCH. Note that ON/OFF time mask proposed in this section is also applicable to the long PUCCH for more than 2 bits, and ON/OFF time mask and transient period placement for other cases (e.g., TDM between short PUCCH and long PUCCH) which are treated in our companion paper [3].
Intra-slot frequency hopping
As shown in Table 1, one of two symbols in hopping boundary is RS symbol and the other is UCI symbol. Thus, transient period can be allocated only to UCI symbol for the protection of RS symbol (Option 1) or transient period can be allocated both to UCI symbol and RS symbol (Option 2). One of Option 1 and Option 2 can be chosen according to the number of symbols for the long PUCCH.
Starting/ending position
ON/OFF time mask for starting/ending position of the long PUCCH can be determined similar to LTE PUCCH (as shown in Figure 2), which means the start of the long PUCCH contains transient period but the end of the long PUCCH does not contain transient period. However, different ON/OFF time mask can be considered depending on the location of RS symbol, the length of the long PUCCH, and the starting/ending position in a given slot. For instance, if the first symbol of the long PUCCH is RS symbol, the RS symbol can be protected by locating transient period in front of the start of the long PUCCH. For another instance, if the length of the long PUCCH is smaller than Y symbols, the start as well as the end of long PUCCH can be protected where transient periods in both sides can be located out of the PUCCH resource. In addition, if the start of the long PUCCH is not the first symbol in a slot, transient period can be located in front of the start of long PUCCH.
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Figure 2. Example of ON/OFF mask for starting/ending position of the long PUCCH
Proposal #6: ON/OFF time mask for long PUCCH should be considered based on intra-slot frequency hopping, DMRS location, the number of symbols, and starting/ending position for the PUCCH.
3. Conclusion
In this contribution, we discussed and provided our view on the design of long NR-PUCCH for up to 2 UCI bits, and the followings are proposed:
Proposal #1: Reuse LTE PUCCH sequence for UCI and DMRS sequences in NR-PUCCH with up to 2 UCI bits.
Proposal #2: When frequency hopping is applied for a long PUCCH with X symbols in a given slot, the first hopping leg has floor{X/2} symbols and the second hopping leg has X-floor{X/2} symbols.

Proposal #3: It can be considered to support the configurability on enabling/disabling of intra-slot hopping for long duration PUCCH, with consideration of RS overhead.
Proposal #4: Frequency hopping within a slot should be performed within the configured bandwidth part.
Proposal #5: DMRS always occurs in every other symbols in the long PUCCH where the last symbol of the PUCCH is fixed to UCI symbol (as provided in Table 1).
Proposal #6: ON/OFF time mask for long PUCCH should be considered based on intra-slot frequency hopping, DMRS location, the number of symbols, and starting/ending position for the PUCCH.
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