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1 Introduction
For NR, uplink control information may be transmitted in both long and short duration PUCCH formats depending on the frame structure and/or slot format. 
At the RAN1 #89 meeting, the following agreements were reached on the long duration PUCCH structure [1]:
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
· 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 elaborate on our views regarding the design of the NR long duration PUCCH format for small UCI payloads.
2 Discussion
It was agreed that for small UCI payloads of 1 or 2 bit(s), the LTE PUCCH format 1a/1b based structure can be a starting point for the NR long PUCCH design. This design principle is evident in the RAN1 #89 agreements shown above, where a BPSK or QPSK symbol multiplies a sequence on a single DFT-S-OFDM or OFDM symbol and time domain OCC can be applied across multiple such OFDM symbols. Considering a single OFDM symbol using a CAZAC sequence practical multiplexing capacity is 6 UEs given typical channel delay spreads. Time domain OCC can be further used to increase the multiplexing capacity. However, given the different NR-PUCCH lengths, different lengths of OCC could be defined. Note that even with time domain OCC, the multiplexing capacity is limited by the number of RS symbols which scales with the PUCCH duration. Hence, if time domain OCC is supported, OCC can be configurable or predefined for different NR-PUCCH lengths. 
Frequency diversity can be enabled by configuring a UE with a pre-defined frequency hopping pattern. When frequency hopping is enabled, there should be at least one RS symbol in each frequency region to support channel estimation. The LTE frequency hopping pattern can be a starting point for the NR design. The detailed RS and data design depends on the number of symbols occupied by long duration PUCCH format. The following principle can be considered to determine the frequency hopping pattern. 
· Given N (N>=4) symbols for PUCCH, all symbols are partitioned into two group as equally as possible. For example, the number of symbols in group 1 is 
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. Alternatively, the number of symbols in group 1 is 
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If inter-slot frequency hopping is supported, multiplexing of different UEs in the same resource should be carefully studied since different UEs may have different number of slots to transmit long duration PUCCH.
Based on the above analysis, the following UCI and RS structures in Table 1 can be considered for each NR-PUCCH length and the corresponding multiplexing capacity for each length is given in Table 2. 
Two different methods were proposed at RAN1 #89 to generate the UCI and RS structure for different NR-PUCCH lengths, namely, an extension method and a truncation method. For the extension method, one or more basic units are defined as building blocks. Aggregations of these basic units are used to generate the long PUCCH structure for different durations with/without frequency hopping. In contrast, for the truncation method, a base format is defined for a slot with 7 symbols and 14 symbols. Thereafter, the long PUCCH structure for other durations with or without frequency hopping can be obtained by truncation. Regardless of which method is used between extension or truncation there should be a detailed description of the UCI and RS structure for all valid long PUCCH durations ranging from 4~14 symbols. We prefer to explicitly describe in the specification the UCI and RS structure for each long PUCCH structure as shown in Table1. 
Table 1 lists the UCI and RS structure for different PUCCH durations. The same structure can be used with/without frequency hopping. 
For length of 4~7 symbols, the performance of different long PUCCH structures should be further evaluated with and without frequency hopping. For example, for length of 4 symbols, if the performance of URRU and RURU for long NR-PUCCH with frequency hopping is similar, the URRU can be a unified structure for long NR-PUCCH with and without frequency hopping, or if the performance of RURU and URRU for long NR-PUCCH with length of 2 time domain OCC is similar, the RURU can be a unified structure for long NR-PUCCH with and without frequency hopping. For length of 6-symbol with frequency hopping, structures with 1/3 DMRS overhead or 1/2 DMRS overhead should be further evaluated. Since the multiplexing capacity of long NR-PUCCH with and without frequency hopping is different for length of 4~7 symbols, frequency hopping should be configurable according to the requirement of performance and multiplexing capacity.
For length of 8~14 symbols, although time domain OCC with length of 4 or more than 4 can be used to achieve higher multiplexing capacity, the orthogonality of time domain OCC among UCI with longer distance than 7 symbols may be not very good due to higher Doppler. Hence, the UCI and RS structure and time domain OCC used for the case with frequency hopping can be used for the case without frequency hopping to ensure small distance between different UCI symbols in time domain when OCC is used, and so as to achieve a unified structure. Since the same structure is used for long NR-PUCCH with and without frequency hopping for length of 8~14 symbols, frequency hopping can be defaulted so as to get the benefit both on performance and multiplexing capacity.
Table 1: UCI and RS structure for long NR-PUCCH with different lengths
	lengths
	Without FH
	With FH
	Comments

	4
	URRU
	UR  RU

RU  RU
	· Length of 2 OCC can be used for the case without FH

· No OCC is used for the case without FH

	5
	URRUU
	UR  RUU

RU  URU
UR  URU

URU  RU
	· Length of 2 and 3 OCC can be used for RS and UCI respectively for the case without FH

· No OCC is used for the case with FH

	6
	URRRUU
	URR  RUU

URR  URU

URU  RRU

URU  URU 
	· Length of 3 OCC can be used for the case without FH

· No OCC is used for the case with FH

	7
	UURRRUU
	UUR  RRUU

URU  URRU

URRU  URU
	· Length of 3 and 4 OCC can be used for RS and UCI respectively for the case without FH

· No OCC is used for the case with FH

	8
	URRU  URRU
	· Length of 2 OCC can be used for both the cases without and with FH in each hop

	9
	URRU  URRUU

URRUU  URRU
	· Length of 2 OCC can be used for RS and UCI respectively for both the cases without and with FH in the first hop, and length of 2 and 3 OCC can be used for RS  and UCI respectively for both the cases without and with FH in second hop, or  vice versa.

	10
	URRUU  URRUU
	· Length of 2 and 3 OCC can be used for RS  and UCI respectively for both the cases without and with FH in each hop

	11
	URRRUU  URRUU 

URRUU  URRRUU
	· Length of 3 OCC can be used for RS and UCI respectively for both the cases without and with FH in the first hop, and length of 2 and 3 OCC can be used for RS  and UCI respectively for both the cases without and with FH in second hop, or  vice versa.

	12
	URRRUU  URRRUU
	· Length of 3 OCC can be used for RS  and UCI respectively for both the cases without and with FH in each hop

	13
	URRRUU  UURRRUU

UURRRUU  URRRUU
	· Length of 3 OCC can be used for RS and UCI respectively for both the cases without and with FH in the first hop, and length of 3 and 4 OCC can be used for RS  and UCI respectively for both the cases without and with FH in second hop, or  vice versa.

	14
	UURRRUU  UURRRUU
	· Length of 3 and 4 OCC can be used for RS  and UCI respectively for both the cases without and with FH in each hop


Table 2: multiplexing capacity for long NR-PUCCH with different lengths

	Lengths
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	Without FH
	12
	12
	18
	18
	12
	12
	12
	12
	18
	18
	18

	With FH
	6
	6
	6
	6
	12
	12
	12
	12
	18
	18
	18


3 Conclusions
Based on the above discussion, we have the following proposals:
Proposal 1: The UCI-RS structure for long NR-PUCCH format can be defined in the specification for each length including at least the following aspect:

· UCI and RS position

· Length of time domain OCC

· Frequency hopping point when frequency hopping is configured
Proposal 2: Further evaluation is required for length of 4~7 symbols to select one suitable structure for each length of long NR-PUCCH and also to see if a unified structure can be used for long NR-PUCCH with and without frequency hopping for each length.

Proposal 3: A unified UCI and RS structure should be used for the same length of NR-PUCCH with and without frequency hopping when the length is no less than 7 symbols.

Proposal 4: Frequency hopping should be configurable at least for the length of 4~7 symbols NR-PUCCH.

Proposal 5: Frequency hopping can be mandatory for the length of 8~14 symbols NR-PUCCH.

Proposal 6: When unified UCI and RS structure is used for the same length of NR-PUCCH with and without frequency hopping, frequency hopping point can be decided by partitioning the total length N into two groups as the following method:

· the number of symbols in group 1 is 
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· or, the number of symbols in group 1 is 
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