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1. Introduction
For long-PUCCH of up to 2 bits, following agreements were made at previous RAN1 meeting [1]:
	Agreements:
· For a long-PUCCH for UCI of up to 2 bits,
· Confirm the WA:
· DMRS always occurs in every other symbol in the long PUCCH
· FFS: even or odd symbols
· For a long-PUCCH,
· Frequency-hopping is enabled/disabled by RRC signaling.
· FFS: if frequency-hopping is always enabled for a long-PUCCH with larger than a certain duration

Agreements:
· Frequency-hopping for a PUCCH occurs within the active UL BWP for the UE
· FFS message 4 ACK/NACK
· FFS multiple active BWP
· The active BWP refers to BWP associated with the numerology of PUCCH
Agreements:
· 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
Agreements:
· NR studies a new set of sequences for short PUCCH and long PUCCH for UCI bits up to 2
· For a fair comparison of at least length 12 NR CGS designs for PUCCH, the companies are encouraged to provide/re-evaluate their proposed sequences based on the following all or a subset of performance metrics
· Maximum PAPR/CM, minimum PAPR/CM, mean PAPR/CM (assuming at least 8x oversampling)  
· Maximum cross-correlation
· Between the base sequences for new NR sequences by applying all CS values
· Between the base sequences for new NR and LTE sequences by applying all CS values (LTE CGS for 1 and 2 PRBs ,and ZC sequences for >2PRBs up to 100MHz bandwidth) considering all partial overlapping
· Other examples for metrics can be but not limited to
· Statistics of cross-correlation (mean/max/std dev/95% tile)
· with both Method 1 (with NFFT=12*32) and Method 5 (Based on R1-163437)
· Note: Timing miss-alignment with other values for oversampling can also be realized with Method 5.
· And/or with aperiodic cross-correlation for different timing arrivals
· Modulation type, EVM
· Receiver complexity
· LTE CGS are used as the reference for performance comparison
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 UCI of up to 2 bits, if frequency hopping is disabled, OCC multiplexing capacity of 2,3,4,5,6,7 are supported.
· For each duration of long PUCCH for UCI of up to 2 bits, there is only one OCC multiplexing capacity
Agreements:
· OCC multiplexing capacity for each long PUCCH duration for long-PUCCH for UCI of up to 2 bits is given as follows:
	Long-PUCCH duration N
	OCC Multiplexing capacity M

	
	with hopping
	without hopping

	4
	1
	2

	5
	1
	2

	6
	1
	3

	7
	[1]
	3

	8
	2
	4

	9
	2
	4

	10
	2
	5

	11
	[2]  
	5

	12
	3
	6

	13
	3
	6

	14
	3
	7


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
Agreements:
· 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
Agreements:
· 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


In this contribution, we discuss long-PUCCH for UCI of up to 2 bits.

2. FH boundary (time-domain)
2.1. Problem
[bookmark: _Hlk494564819]UL part duration could be different between slots depending on the usage of slots: for example, in case of no DL part in the slot, UL part spans the whole slot; in case DL part is present at the beginning of the slot, UL part duration depends on the durations of DL part and guard period. Long-PUCCH basically spans over the whole UL part of the given slot (at least for slot-based scheduling). Starting position of a long-PUCCH could depend on the number of DL symbols + GP in the slot. In other words, in most cases, it can be assumed that all UEs which are on the same / different PRB(s) have the same starting symbol of long-PUCCH at a certain slot. However, it is possible that short-PUCCH/SRS at the end of the slot is TDMed with the long-PUCCH within the same slot. For such case, the long-PUCCH should be shortened. Considering that short-PUCCH can span {1, 2} symbol(s) and SRS can span {1, 2, 4} consecutive symbol(s), long-PUCCH shortening at least on the last 1-symbol should be taken into account to design the structure of long-PUCCH. 
Figure 1 illustrates an example for the case that FH boundaries of two UEs are not aligned. As illustrated in figure 1, UE#1 has 14-symbol and UE#2 has 13-symbol of which the last 1-symbol is shortened by short-PUCCH/SRS of some UE(s). If FH boundaries is determined by only the duration of long-PUCCH, e.g. FH boundary = floor (N/2) for N-symbol long PUCCH, FH boundary of two UEs of which some of the UEs has different duration are not aligned; some of the resources are segmented and nobody can use these resources. For efficiently resource utilization, FH boundary of different UEs should be aligned as much as possible. 

 [image: ]
Fig. 1.	An example the case that FH boundaries of two UEs are not aligned
(e.g. FH boundary = floor (N/2) for N-symbol long PUCCH).
2.2. FH boundary alignment
Figure 2 illustrates the case that FH boundaries of two UEs are aligned. As shown in figure 2, FH boundaries of UE#1 (14-symbol) and UE#2 (13-symbol) are aligned; the 2nd hop of these long-PUCCH can be allocated to a PRB where another UE used for the 1st hop. FH boundary alignment can improve resource utilization efficiency because there is no segmented resource; the more PRBs can be used for PUSCH transmission compared to the case of figure 1.
In RAN1 #90b meeting, it was agreed that the maximum multiplexing capacity of time domain OCC is used for PUCCH format 1, and that FH boundary is determined by long PUCCH duration / start symbol of long PUCCH. According to these agreements, it is not possible to always align FH boundaries of long-PUCCH for any possible combination of durations / starting symbols. However, we would like to ensure at least that FH boundaries of UEs are aligned of which duration is N-symbol and N-1-symbol and the starting symbols of both UEs are the same. For this purpose, we propose two proposals.

[image: ]
Fig. 2.	The case that FH boundaries of two UEs are not aligned
(FH boundaries are determined by the proposals of this contribution).

2.3. Proposal (1)
In proposal (1), FH boundary is determined by following equation: 
· For N symbols long PUCCH for UCI of up to 2 bits, frequency hopping is occurred after
· ceil (N/2) symbols if the starting symbol is even
· floor (N/2) symbols if the starting symbol is odd
· Note: symbol index starts at #0.

Table 1 also shows FH boundary of proposal (1). Figure 3 also illustrates FH boundaries of proposal (1). As shown in figure 3, FH boundaries of UEs are aligned of which duration is N-symbol and N-1-symbol and the starting symbols of both UEs are the same.
Table 1 FH boundaries of proposal (1)
a) if the starting symbol = even                            b) if the starting symbol = oddStarting symbol
duration
FH
OCC
Odd
14
7, 7
3
Odd
13
6, 7
3
Odd
12
6, 6
3
Odd
11
5, 6
2
Odd
10
5, 5
2
Odd
9
4, 5
2
Odd
8
4, 4
2
Odd
7
3, 4
1
Odd
6
3, 3
1
Odd
5
2, 3
1
Odd
4
2, 2
1

Starting symbol
duration
FH
OCC
Even
14
7, 7
3
Even
13
7, 6
3
Even
12
6, 6
3
Even
11
6, 5
2
Even
10
5, 5
2
Even
9
5, 4
2
Even
8
4, 4
2
Even
7
4, 3
1
Even
6
3, 3
1
Even
5
3, 2
1
Even
4
2, 2
1
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Fig. 3.	FH boundaries of proposal (1).

Proposal 1:
· For N symbols long PUCCH for UCI of up to 2 bits, frequency hopping is occurred after
· ceil (N/2) symbols if the starting symbol is even
· floor (N/2) symbols if the starting symbol is odd
· Note: symbol index starts at #0

2.4. Proposal (2)
In proposal (2), FH boundary is determined by table. Table 2 shows FH boundary of proposal (2). Figure 4 illustrates FH boundaries of proposal (2). As shown in figure 4, FH boundaries of UEs are aligned of which duration is N-symbol and N-1-symbol and the starting symbols are the same. The difference between proposal (1) and proposal (2) is only the case of N = 6 of which the starting symbols is even. As emphasized in figure 4, for 6-symbol long-PUCCH, FH is (3, 3) in proposal (1); however FH is FH is (2, 4) in proposal (2). The advantage of proposal (2) is that we can keep DMRS density of 50 % for the case of 6-symbol. 
Table 2 FH boundaries of proposal (2)
a) if the starting symbol = even                            b) if the starting symbol = oddStarting symbol
duration
FH
OCC
Odd
14
7, 7
3
Odd
13
6, 7
3
Odd
12
6, 6
3
Odd
11
5, 6
2
Odd
10
5, 5
2
Odd
9
4, 5
2
Odd
8
4, 4
2
Odd
7
3, 4
1
Odd
6
3, 3
1
Odd
5
2, 3
1
Odd
4
2, 2
1

Starting symbol
duration
FH
OCC
Even
14
7, 7
3
Even
13
7, 6
3
Even
12
6, 6
3
Even
11
6, 5
2
Even
10
5, 5
2
Even
9
5, 4
2
Even
8
4, 4
2
Even
7
4, 3
1
Even
6
2, 4
1
Even
5
2, 3
1
Even
4
2, 2
1
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Fig. 4.	FH boundaries of proposal (2).












Proposal 2:
· [bookmark: _Hlk492725987]Adopt following table for long-PUCCH for UCI of up to 2 bits when intra-slot FH is enabled
Table 2 FH boundaries of proposal (2)
a) if the starting symbol = even                            b) if the starting symbol = oddStarting symbol
duration
FH
OCC
Odd
14
7, 7
3
Odd
13
6, 7
3
Odd
12
6, 6
3
Odd
11
5, 6
2
Odd
10
5, 5
2
Odd
9
4, 5
2
Odd
8
4, 4
2
Odd
7
3, 4
1
Odd
6
3, 3
1
Odd
5
2, 3
1
Odd
4
2, 2
1

Starting symbol
duration
FH
OCC
Even
14
7, 7
3
Even
13
7, 6
3
Even
12
6, 6
3
Even
11
6, 5
2
Even
10
5, 5
2
Even
9
5, 4
2
Even
8
4, 4
2
Even
7
4, 3
1
Even
6
2, 4
1
Even
5
2, 3
1
Even
4
2, 2
1














3. Frequency-domain structure
3.1. Frequency-hopping bandwidth
For LTE, PUCCH frequency-hopping is symmetric for the center of the carrier, and PUCCH frequency-hops are at the edges of the system bandwidth. However, for NR, UEs may have different bandwidths of the active UL BWP for PUCCH transmission. If the frequency-hopping is for the edges of the UL BWP, spectrum fragmentation or inefficient resource usage is caused (see Fig. 5 (a)). In order to resolve this and to multiplex PUCCHs on different UL BWPs efficiently, it is desirable to make the PUCCH frequency-hopping pattern configurable by the NW in an independent manner from the bandwidth of the UL BWP (see Fig. 5 (b)). For example, by setting the frequency-hopping pattern such that the hopping is limited within a certain bandwidth, spectrum fragmentation can be minimized.

[image: ]
(a) FH bandwidth edges of the access BW.
[image: ]
(b) FH bandwidth configured parts.
Fig. 5.	FH bandwidth for long-PUCCH.

Proposal 3:
· Frequency-hopping bandwidth is configurable and is NOT derived only from the UL BWP bandwidth.

4. Symbol structure for UCI and DMRS
For long-PUCCH format for UCI of up to 2 bits, the symbol structure follows the design of LTE PUCCH format 1/1a/1b. For HARQ-ACK of 1 or 2 bits, each UCI symbol is a computer-generated sequence (CGS) modulated by the HARQ-ACK bit(s), while each DMRS symbols is a CGS. For scheduling request, UCI symbols are not modulated by the SR information; SR is detected based on the presence of the PUCCH. Inter-cell/TRP randomization should be considered once basic design is clarified.

Proposal 4:
· The same set of computer-generated sequence (CGS) is used for each symbol of a long-PUCCH for UCI of up to 2 bits.
· For HARQ-ACK,
· Each UCI symbol is CGS modulated by the HARQ-ACK bit(s).
· Each DMRS symbol is a CGS.
· For SR,
· Each UCI symbol is not modulated by the SR.
· SR is informed by the presence of the PUCCH.

[bookmark: _GoBack]
5. Conclusion
In this contribution, we discussed long-PUCCH for UCI of up to 2 bits and proposed following:
Proposal 1:
· For N symbols long PUCCH for UCI of up to 2 bits, frequency hopping is occurred after
· ceil (N/2) symbols if the starting symbol is even
· floor (N/2) symbols if the starting symbol is odd
· Note: symbol index starts at #0
Proposal 2:
· Adopt following table for long-PUCCH for UCI of up to 2 bits when intra-slot FH is enabled
Table 2 FH boundaries of proposal (2)
a) if the starting symbol = even                            b) if the starting symbol = oddStarting symbol
duration
FH
OCC
Odd
14
7, 7
3
Odd
13
6, 7
3
Odd
12
6, 6
3
Odd
11
5, 6
2
Odd
10
5, 5
2
Odd
9
4, 5
2
Odd
8
4, 4
2
Odd
7
3, 4
1
Odd
6
3, 3
1
Odd
5
2, 3
1
Odd
4
2, 2
1

Starting symbol
duration
FH
OCC
Even
14
7, 7
3
Even
13
7, 6
3
Even
12
6, 6
3
Even
11
6, 5
2
Even
10
5, 5
2
Even
9
5, 4
2
Even
8
4, 4
2
Even
7
4, 3
1
Even
6
2, 4
1
Even
5
2, 3
1
Even
4
2, 2
1














Proposal 3:
· Frequency-hopping bandwidth is configurable and is NOT derived only from the UL BWP bandwidth.
Proposal 4:
· The same set of computer-generated sequence (CGS) is used for each symbol of a long-PUCCH for UCI of up to 2 bits.
· For HARQ-ACK,
· Each UCI symbol is CGS modulated by the HARQ-ACK bit(s).
· Each DMRS symbol is a CGS.
· For SR,
· Each UCI symbol is not modulated by the SR.
· SR is informed by the presence of the PUCCH.
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