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1 Introduction

In 3GPP RAN1#88bis meeting and RAN1 NR Ad-hoc#3 meeting [1] [2], uplink control channel design was discussed and the followings were agreed for long PUCCH for UCI up to 2 bits:

RAN1#88b

· 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.

RAN1 NR Ad-Hoc#3
· For long PUCCH for UCI of up to 2 bits, DM-RS is located in all the even symbols, where the symbol is indexed from the start of the long PUCCH of value 0
· For long-PUCCH for UCI up to 2 bits, up to 3 OCC multiplexing capacity are supported with frequency hopping

· FFS: OCC multiplexing capacity values without frequency hopping.

· FFS: whether to have the same multiplexing capacity w/ and w/o frequency hopping for a given duration of long PUCCH.

· OCC multiplexing capacity for each long PUCCH duration (including FFS values) as listed in the following table 

· FFS on OCC length

· Note: It doesn’t imply that the OCC multiplexing capacity for DMRS and UCI are the same
	Long-PUCCH duration N
	OCC Multiplexing capacity M

	
	with hopping
	without hopping FFS

	4
	1
	FFS [2]

	5
	1
	FFS[2]

	6
	1
	FFS[2]

	7
	FFS [1 or 2]
	FFS[2]

	8
	2
	FFS[3-4]

	9
	2
	FFS[3-4]

	10
	2
	FFS[3-5]

	11
	FFS [2 or 3]
	FFS[3-5]

	12
	3
	FFS[3-6]

	13
	3
	FFS[3-6]

	14
	3
	FFS[3-7]


Based on the previous agreements, this contribution will discuss the structures for long PUCCH with up to 2 bits, which includes frequency hopping and the FFS value of time domain OCC.
2 Structures of long PUCCH with up to 2 bits
2.1 Frequency hopping
As agreed in previous meetings, intra-slot frequency hopping needs to be supported, while at most one hop is supported. In last meeting, it was proposed [3] that frequency hopping (FH) boundary should be located at symbol 2n, for the cases where the duration of long PUCCH is 4n+2, n=1, 2 and 3. As shown in Figure 1, based on the link level simulation for the three agreed performance measures, we found the performance between locating FH boundary at 2n+1 and 2n are almost same. Considering the complexity of specification and maximizing the frequency diversity gain, the FH boundary should locate at the middle of long PUCCH. By this way, the frequency hopping boundary will be determined by the starting point and the duration of long PUCCH simultaneously.

For the 4-symbol to 7-symbol long PUCCH, the number of UCI symbols and DMRS symbols is small. By the analysis in the next section, if FH is enabled, OCC cannot be supported, which will limit the multiplexing capacity. But considering flexibility of design, there is no need to limit the number of symbol which can disable FH. So for 4-symbol to 14-symbol, enabling FH or disabling FH can be up to gNB.
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Figure 1. Comparison between frequency hopping boundary located at 2n+1 and 2n, while duration of long PUCCH is 4n+2 (n=1, 2 and 3).
2.2 Time domain OCC
To achieve the same/similar UE multiplexing capacity of LTE PUCCH format 1 in one RB, design of long PUCCH with up to 2 bits should strive for maximum multiplexing capacity. For the 4-symbol to 7-symbol long PUCCH, if frequency hopping is enabled, at least one frequency hopping part will include less than 4 symbols, which means either UCI or DMRS will include less than 2 symbols. So OCC is not applicable. For example, a 6-symbol long PUCCH without OCC is shown in Figure 2. However, if frequency hopping is disabled, a length-2 OCC can be considered for the 4-symbol to 5-symbol long PUCCH, while a length-3 OCC can be considered for the 6-symbol and 7-symbol long PUCCH.
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Figure 2. Example of 6-symbol long PUCCH with FH and without OCC.
For the 8-symbol to 11-symbol long PUCCH, both of two frequency hopping parts will include not less than 4 symbols, and at least one frequency hopping part will include less than 6 symbols, which means length-2 OCC can be applied. For example, an 8-symbol long PUCCH is shown in Figure 3.
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Figure 3. Example of 8-symbol long PUCCH with FH and length-2 OCC.
For the 12-symbol to 14-symbol long PUCCH, both of two frequency hopping parts will include not less than 6 symbols, and at least one frequency hopping part will include less than 8 symbols, which means length-3 OCC can be applied. For example, a 12-symbol long PUCCH is shown in Figure 4.
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Figure 4. Example of 12-symbol long PUCCH with FH and length-3 OCC.
For the 8-symbol to 14-symbol long PUCCH, when frequency hopping is disabled, they can support length-4 to length-7 OCC in theory. But for the small subcarrier spacing (SCS), such as 15 kHz, considering the time-variant characteristic of channel state, an over-long OCC length will degrade the performance of demodulation; on the contrary, for the large SCS, such as 60 kHz or larger SCS, duration of long PUCCH is short enough to support longer OCC length. To adapt requirement of different scene, when frequency hopping is disabled, OCC length can be up to gNB.
Based on the above analysis, our proposals are then given as follows: 

Proposal 1: For structures of NR long PUCCH with up to 2 bits, frequency hopping should locate at the middle of N-symbol long PUCCH:

· When N is even, the end of first frequency-hop is at symbol (N/2-1);

· When N is odd, the end of first frequency-hop is at symbol ((N+1)/2-1) or ((N-1)/2-1);
Note: the start of symbol index of long PUCCH is from 0.
Proposal 2: For structures of NR long PUCCH with up to 2 bits, different length of time domain OCC is applied depending on the number of symbols for the long PUCCH:

· If frequency hopping is enabled, 

· OCC multiplexing capacity is 1 for 7-symbol;
· OCC multiplexing capacity is 2 for 11-symbol;
· If frequency hopping is disabled,
· OCC multiplexing capacity can be configured by gNB.
3 Conclusion
In this contribution, structures of long PUCCH with up to 2 bits are given. Based on above discussions, following proposals are given. 
Proposal 1: For structures of NR long PUCCH with up to 2 bits, frequency hopping should locate at the middle of N-symbol long PUCCH:

· When N is even, the end of first frequency-hop is at symbol (N/2-1);

· When N is odd, the end of first frequency-hop is at symbol ((N+1)/2-1) or ((N-1)/2-1);

Note: the start of symbol index of long PUCCH is from 0.

Proposal 2: For structures of NR long PUCCH with up to 2 bits, different length of time domain OCC is applied depending on the number of symbols for the long PUCCH:

· If frequency hopping is enabled, 

· OCC multiplexing capacity is 1 for 7-symbol;
· OCC multiplexing capacity is 2 for 11-symbol;
· If frequency hopping is disabled,

· OCC multiplexing capacity can be configured by gNB.
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Appendix

Table 1. Simulation parameters of long PUCCH for UCI of up to 2 bits
	Parameter
	Value

	Carrier Frequency
	4 GHz

	System bandwidth
	20 MHz

	Subcarrier spacing
	15 kHz

	No. of subcarriers per PRB
	12

	Number of PRBs 
	1 RB

	Number of symbols
	6, 10 and 14 symbols

	antenna configuration
	1Tx * 2Rx

	Channel model
	TDL-C (300 ns) 

	UE velocity
	3 km/h

	Payload size
	2 bits

	Modulation
	QPSK

	Channel coding
	RM code

	Performance metric
	Required SNR for B(L)ER of 1 %


