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1 Introduction

In 3GPP RAN1-NR AH meeting and RAN1#88b meeting [1] [2], uplink control channel design was discussed and the followings were agreed:
· 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.
· For PUCCH in long-duration, DFT-s-OFDM waveform is supported.
· For PUCCH in long-duration, transmit antenna diversity is supported.
· FFS: PUCCH in short-duration
· For long duration NR-PUCCH in a given slot, FFS the detailed NR PUCCH formats. Companies are encouraged to provide the corresponding details. 

· Some examples as a starting point:

· For small UCI payload with 1 or 2 bit(s), LTE PUCCH 1a/1b especially in light of # of symbols available for NR-PUCCH

· FFS: Time domain OCC is applied over allocated multiple symbols.

· For large UCI payload with X bits, LTE PUCCH format 4, or PUSCH

· FFS on applicability of (virtual) frequency domain OCC

· FFS for the value of X

· FFS for medium UCI payload with less than X bits

· Scalability of NR-PUCCH for different number of symbols available for NR-PUCCH

· 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.

Based on the previous agreements, this contribution will analyze the requirement on UCI payload size. Then, according to the analysis, the contribution will discuss the potential long PUCCH formats for NR.
2 Discussion
In LTE, five PUCCH formats are introduced to carry HARQ ACK/NACK, CSI (CQI/PMI/RI) and SR (scheduling request). But, in fact, five PUCCH formats are redundant, since payload size of some PUCCH formats are overlapped (e.g. PUCCH format 2 -> 1~11 bits, PUCCH format 3 -> 1~22 bits). To simplify the design of NR long PUCCH, the reduced NR long PUCCH formats should be considered. In this section, we classify information carried by NR long PUCCH into three categories, and then give out three potential NR long PUCCH formats. 
· Small UCI payload size (1-2 bits)
Same as LTE, 1-2 bits HARQ ACK/NACK and SR transmission is a typical use case in NR. The NR long PUCCH format 1 needs to carry up to 2 bits. As a starting point, design of NR long PUCCH format 1 could refer to the LTE PUCCH format 1/1a/1b.
· Medium UCI payload size (dozens of bits)
Upon the basis of LTE’s CSI design (up to 11 bits), the resource selection indicator (RSI) (e.g., beam index) and the corresponding quality (e.g., RSRP) might be transmitted on PUCCH for beam management. Besides, a recovery request (RR) message to trigger the beam recovery/switch might be transmitted on PUCCH [2]. The combination of these parts will reach about dozens of bits. In addition, considering the higher peak rate requirement of NR, multiple bits’ feedback for one TB (CBG-based HARQ ACK/NACK) have been introduced to reduce the retransmission overhead and enhance the throughput. Meanwhile, since flexible HARQ timing has been supported in NR, UE may need to feed back acknowledgement of multiple PDSCH on one slot. The combination of these two conditions will require dozens of bits also. Above all, NR long PUCCH format 2 needs to carry dozens of bits. 
To simplify the specification effort, we can consider selecting LTE PUCCH format 2 or LTE PUCCH format 3 as design baseline. Since NR long PUCCH needs to support a variable symbol number in time domain (from 4 to 14 symbols), design based on LTE PUCCH format 2 and design of LTE PUCCH format 3 meet the limitation both, the concrete analysis are shown in the following:

a. Design based on LTE PUCCH format 2: Each UCI symbol carries one coded bit. With variable symbol number, the supported coded bit will not be fixed, while the multiplexing capacity is fixed to 6 users. For example, 4-symbol long PUCCH has 2 RS symbols and 2 UCI symbols (if frequency hopping is enabled), which means only 4 bits coded bits can be carried. Considering 1/2 coding rate, up to 2 bits payload size can be supported. Similarly, for 14-symbol long PUCCH can support up to 11 bits payload size.
b. Design based on LTE PUCCH format 3: Each UCI symbol carries half of coded bits (12 bits). With variable symbol number, the supported coded bits will be fixed to 48 bits, while the multiplexing capacity is changed from 1 user to 5 users. For example, 4-symbol long PUCCH has 2 RS symbols and 2 UCI symbols (if frequency hopping is enabled), which means 1 RB can only multiplex 1 user. Similarly, for 14-symbol long PUCCH can multiplex 5 users.
Table 1. Based on variable symbol number, design based on LTE PUCCH format 2 vs LTE format 3
	
	Based on

LTE PUCCH Format 2
	Based on

LTE PUCCH Format 3

	Coded bit size
	Variable (4-20 bits)
	Fixed (48 bits)

	Payload size 

(1/2 code rate)
	2-5 bits (7-symbol slot)

6-10 bits (14-symbol slot)
	24 bits

	Multiplexing capacity
	Fixed (6 users)
	Variable (1-5 users)


In our opinion, design based on LTE PUCCH format 2 with variable symbol number seems to have the more serious drawback. 
For the LTE PUCCH format 2 based design, some short symbol numbers (4-7 symbol long PUCCH) can only support few payload sizes (2-5 bits). To keep low PAPR property, gNB needs to schedule multiple PUCCH resources in time domain for one CSI and/or acknowledgements feedback, which will increase the delay of CSI feedback and weaken the timeliness of CSI. What is more, even 14-symbol PUCCH format 2 can support up to 11 bits, which cannot meet the requirement of the medium payload size. 
For the LTE PUCCH format 3 based design, although multiplexing capacity is not fixed, it means the reserved PUCCH resource on different slots may be changed. If UE and gNB both know the right symbol number of long PUCCH, there is have no impact on finding the right physical resource to transmit/receive long PUCCH. So, as a starting point, design of NR long PUCCH format 2 could refer to the LTE PUCCH format 3.
· Large UCI payload size (hundreds of bits)
To support 5-32 Component Carriers’ (CCs) CSI and/or HARQ ACK/NACK feedback, one PUCCH format needs to support large UCI payload size transmission. Based on the agreement in the [1], the NR long PUCCH format 3 needs to carry hundreds of bits, which is similar to the target of LTE PUCCH format 4. As a starting point, design of NR long PUCCH format 3 could refer to the LTE PUCCH format 4.
Proposal 1: NR long PUCCH should consider three formats according to the payload size, which are 
· NR Long PUCCH format 1 (1-2 bits): Refer to LTE PUCCH format 1/1a/1b;
· NR Long PUCCH format 2 (Dozens of bits): Refer to LTE PUCCH format 3;
· NR Long PUCCH format 3 (Hundreds of bits): Refer to LTE PUCCH format 4.
3 Conclusion
In this contribution, the potential NR long PUCCH formats have been discussed. Based on above discussions, the following proposal is given. 
Proposal 1: NR long PUCCH should consider three formats according to the payload size, which are 

· NR Long PUCCH format 1 (1-2 bits): Refer to LTE PUCCH format 1/1a/1b;

· NR Long PUCCH format 2 (Dozens of bits): Refer to LTE PUCCH format 3;

· NR Long PUCCH format 3 (Hundreds of bits): Refer to LTE PUCCH format 4.
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