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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Based on the agreements in 3GPP RAN1#88bis meeting and RAN1 NR Ad-hoc#3 meeting [1] [2], this contribution will discuss the structures for long PUCCH with up to 2 bits, which includes sequence design for UCI, frequency hopping, scheme of sequences hopping the FFS issue on time domain OCC.
Structures of long PUCCH with up to 2 bits
[bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK46][bookmark: OLE_LINK47]Sequence design for UCI of PUCCH format 1
In last meeting, the CGSs for NR have been determined which will be used as the sequences for DMRS, but the sequences for UCI is FFS still. In our opinion, the sequences for UCI should be the CGSs which are used for DMRS. For two neighbour cells, the number of symbols for DL control channel may be different, which leads to that the starting symbols of long PUCCH for different cells are different. Since the DMRS symbols are always located relatively to the start of the long PUCCH (i.e., at the even number indexed symbols), the DMRS symbol from one PUCCH (cell A) may overlap with the UCI symbol from the other PUCCH (cell B), which can be found in Figure 1. Since new CGSs were already adopted for DMRS for PUCCH format 1, to keep the low cross-correlation between two long PUCCHs, it is preferred to adopt the same set of sequences for UCI.
[image: ]
[bookmark: _Ref497750027]Figure 1. Example of two long PUCCHs from different cells, where the UCI and DMRS sequences will interfere with each other within the same OFDM symbol.
Proposal 1: The same length-12 CGSs as used for DMRS of PUCCH format 1 should be used for UCI of PUCCH format 1.
Sequence hopping and cyclic shift hopping
For the sequence hopping scheme of NR PUCCH format 1, format 3 and format 4, LTE PUCCH’s sequence hopping scheme can be considered. For example, the sequence-group number u in slot nslot is defined by a group hopping pattern fgh(nslot) and a sequence-shift pattern fss according to the following formula:


The group-hopping pattern fgh(nslot)  may be different for PUSCH, PUCCH and SRS and is given by


where  is slot index, pseudo-random sequence  is defined by TS 38.211 v1.1.1 section 5.2.1,  is initiated by a configurable ID  with a bitwidth of 10 bits  and = is a sequence shift pattern.
For the cyclic shift hopping, the mechanism of LTE PUCCH format 1 can be reused. The cyclic shift is a function of the slot index  and symbol index , i.e.,  where  is a pseudo-random sequence based on  used for sequence hopping and  is the PUCCH resource index in the slot.
In LTE, cyclic shift hopping scheme of PUCCH format 4/5 reused the same mechanism of PUSCH. In NR, the cyclic shift hopping scheme of PUCCH format 3/4 could also consider the same mechanism of LTE’s design. The cyclic shift is a function of the slot index , i.e.,  where  is a pseudo-random sequence,  is offset of cyclic shift indicated by gNB and  is offset of cyclic shift related to the index of pre-DFT-OCC sequence. For the , an example is showed as following,


Proposal 2: For NR PUCCH format 1, format 3 and format 4, sequence hopping scheme is same as design of LTE’s sequence hopping 
· Base sequence hopping between slots is performed according to , where is a pseudo-random sequence initiated with a configurable ID  with a bitwidth of 10 bits and = is a sequence shift pattern.
 Proposal 3: For NR PUCCH format 1, cyclic shift hopping scheme is same as design of LTE PUCCH format 1 
· Cyclic shift hopping is a function of the slot index  and symbol index , i.e.,  where  is a pseudo-random sequence based on  used for sequence hopping and  is the PUCCH resource index in the slot.
Proposal 4: For NR PUCCH format 3 and format 4, cyclic shift hopping scheme is same as design of LTE PUCCH format 4 and format 5.
· Cyclic shift is a function of the slot index , i.e.,  where  is a pseudo-random sequence,  is offset of cyclic shift indicated by gNB and  is offset of cyclic shift related to the index of pre-DFT-OCC sequence.
Frequency hopping
As agreed in previous meetings, intra-slot frequency hopping needs to be supported, while at most one hop is supported. When frequency hopping is enabled, the number of symbols of two long PUCCH paired in hopping shall be the same on a PRB pair, which can be found in Figure 2. For the frequency hopping boundary of PUCCH format 1 with odd number of symbols, the number of symbols in the second part should be larger than in the first part, which can support multiplexing with SRS and short PUCCH.  
[image: ]
[bookmark: _Ref497762280]Figure 2. Example of frequency hopping boundary for PUCCH format 1 using an odd number of symbols.
Proposal 5: For NR long PUCCH with up to 2 bits, if enabled, the frequency hopping boundary should locate around 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);
· Note: the starting symbol index is from 0.
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. If frequency hopping is enabled, the multiplexing capacity is given by the smallest multiplexing capacity of the two hops. In addition the multiplexing capacity is determined by the multiplexing capacity of the smallest multiplexing capacity of the DMRS and UCI. 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 multiplexing is not applicable. 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 multiplexing can be applied. Based on the previous analysis, we propose to confirm the WA on the OCC multiplexing for 7-symbol long PUCCH and 11-symbol long PUCCH
Proposal 6: Confirm Working assumption, 
· For long-PUCCH for UCI of up to 2 bits, if frequency hopping is enabled, the OCC multiplexing capacity for 7-symbol long PUCCH is 1, and for 11-symbol long PUCCH is 2.
[bookmark: OLE_LINK81][bookmark: OLE_LINK82][bookmark: OLE_LINK85][bookmark: OLE_LINK14][bookmark: OLE_LINK15]In 3GPP RAN1 90bis meeting, it is agreed to reuse OCC length 2, 3, 4 and 5 from LTE and to have OCC length 6 and 7 with OCC being FFS as they are not used in LTE. Since the OCC for length 3 and 5 use DFT sequences, the OCC of length 7 could adopt DFT sequence also. As for length 6, two alternatives can be considered:

Alternative 1: The length-6 OCCs are obtained as the rows from a Walsh-Hadamard matrix 

where S is a 3x3 DFT matrix.
Alternative 2: The length-6 OCCs are obtained as the rows from a 6x6 DFT matrix.

The OCCs of length 6 and 7 are listed in Table 1.

[bookmark: _Ref497750111]Table 1. The orthogonal sequences for PUCCH format 1.
	NSF
	


	
	i=0
	i=1
	i=2
	i=3
	i=4
	i=5
	i=6

	6
(Alt. 1: 2x length-3 DFT sequence)
	[0 0 0 0 0 0]
	[0 2 4 0 2 4]
	[0 4 2 0 4 2]
	[0 0 0 3 3 3]
	[0 2 4 3 5 1]
	[0 4 2 3 1 5]
	

	6
(Alt. 2: length-6 DFT sequence)
	[0 0 0 0 0 0]
	[0 1 2 3 4 5]
	[0 2 4 0 2 4]
	[0 3 0 3 0 3]
	[0 4 2 0 4 2]
	[0 5 4 3 2 1]
	

	7
	[0 0 0 0 0 0 0]
	[0 1 2 3 4 5 6]
	[0 2 4 6 1 3 5]
	[0 3 6 2 5 1 4]
	[0 4 1 5 2 6 3]
	[0 5 3 1 6 4 2]
	[0 6 5 4 3 2 1]



Since Alt 1 reuses the length-3 DFT sequence, it may be less complexity to be implemented. Given that reason, we propose that: 
Proposal 7: The OCCs of length-6 and length-7 are selected from the following table.
	NSF
	


	
	i=0
	i=1
	i=2
	i=3
	i=4
	i=5
	i=6

	6
	[0 0 0 0 0 0]
	[0 2 4 0 2 4]
	[0 4 2 0 4 2]
	[0 0 0 3 3 3]
	[0 2 4 3 5 1]
	[0 4 2 3 1 5]
	

	7
	[0 0 0 0 0 0 0]
	[0 1 2 3 4 5 6]
	[0 2 4 6 1 3 5]
	[0 3 6 2 5 1 4]
	[0 4 1 5 2 6 3]
	[0 5 3 1 6 4 2]
	[0 6 5 4 3 2 1]


Conclusion
[bookmark: OLE_LINK79][bookmark: OLE_LINK80]In this contribution, structures of long PUCCH with up to 2 bits are given. Based on above discussions, following proposals are given. 
Proposal 1: The same length-12 CGSs as used for DMRS of PUCCH format 1 should be used for UCI of PUCCH format 1..
Proposal 2: For NR PUCCH format 1, format 3 and format 4, sequence hopping scheme is same as design of LTE’s sequence hopping 
· Base sequence hopping between slots is performed according to , where is a pseudo-random sequence initiated with a configurable ID  with a bitwidth of 10 bits and = is a sequence shift pattern.
 Proposal 3: For NR PUCCH format 1, cyclic shift hopping scheme is same as design of LTE PUCCH format 1 
· Cyclic shift hopping is a function of the slot index  and symbol index , i.e.,  where  is a pseudo-random sequence based on  used for sequence hopping and  is the PUCCH resource index in the slot.
Proposal 4: For NR PUCCH format 3 and format 4, cyclic shift hopping scheme is same as design of LTE PUCCH format 4 and format 5.
· Cyclic shift is a function of the slot index , i.e.,  where  is a pseudo-random sequence,  is offset of cyclic shift indicated by gNB and  is offset of cyclic shift related to the index of pre-DFT-OCC sequence.
[bookmark: _GoBack]Proposal 5: For NR long PUCCH with up to 2 bits, if enabled, the frequency hopping boundary should locate around 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);
· Note: the starting symbol index is from 0.
Proposal 6: Confirm Working assumption, 
· For long-PUCCH for UCI of up to 2 bits, if frequency hopping is enabled, the OCC multiplexing capacity for 7-symbol long PUCCH is 1, and for 11-symbol long PUCCH is 2.
Proposal 7: The OCCs of length-6 and length-7 are selected from the following table.
	NSF
	


	
	i=0
	i=1
	i=2
	i=3
	i=4
	i=5
	i=6

	6
	[0 0 0 0 0 0]
	[0 2 4 0 2 4]
	[0 4 2 0 4 2]
	[0 0 0 3 3 3]
	[0 2 4 3 5 1]
	[0 4 2 3 1 5]
	

	7
	[0 0 0 0 0 0 0]
	[0 1 2 3 4 5 6]
	[0 2 4 6 1 3 5]
	[0 3 6 2 5 1 4]
	[0 4 1 5 2 6 3]
	[0 5 3 1 6 4 2]
	[0 6 5 4 3 2 1]
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Appendix A
[bookmark: _Ref485202838]Table 2. 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 %



Appendix B
RAN1#90
Working assumption:
· For long-PUCCH for UCI of up to 2 bits, if frequency hopping is enabled, the OCC multiplexing capacity for 7-symbol long PUCCH is 1, and for 11-symbol long PUCCH is 2.
Agreements
· For long PUCCH for up to 2 UCI bits, the base sequence can be hopped for transmission of PUCCH in different slots
· The base sequence hopping can be enabled or disabled by cell-specific RRC parameters via RMSI
· Note this parameter for hopping is the same as the one used for short PUCCH for up to 2 UCI bits
· Hopping pattern is at least based on a configurable ID
· FFS on details of the hopping pattern
· The ID has a bitwidth of [10] bits
· FFS on cyclic shift hopping
· No RRC signaling impact
· If frequency hopping is enabled for long PUCCH for UCI of up to 2 bits and more than 2 bits, hopping boundary is determined by long PUCCH duration/start symbol of long PUCCH
· No RRC configuration is involved in determining the hopping boundary
· For long PUCCH, reuse LTE OCC code for OCC length =2,3,4,5
· FFS OCC code for OCC length =6,7
· Note: For long PUCCH for UCI of up to 2 bits,  
· If FH is enabled, support OCC length on DMRS  = number of DMRS symbol in each hop, support OCC length on UCI  = number of UCI symbol in each hop
· If FH is disabled, support OCC length on DMRS  = number of DMRS symbol in the long PUCCH, support OCC length on UCI  = number of UCI symbol in the long PUCCH
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