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This is a revised version of R1-1713432 from last meeting RAN1 90. 
In RAN1 89 [1], the following are agreed for long PUCCH. 
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

Agreements:
· 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 RAN1 NR Ad-Hoc#2 [2], a few further agreements are agreed for long PUCCH with 1 or 2 bits UCI payload. 

Agreements:
· For a long PUCCH with up to 2 bits UCI:
· Working assumption:
· DMRS always occurs in every other symbols in the long PUCCH
· FFS: even or odd symbols
· The working assumption can be revisited if an issue is found in terms of transient period.
Agreements:
· The DMRS symbol(s) are formed as follows:
· DMRS for a PUCCH is a sequence (e.g. a cyclic shift of a CAZAC or computer generated sequence) in frequency domain with Orthogonal Cover Code (OCC) in time.
· Note: The data symbols are formed as the following:
· The modulated UCI bit(s) is multiplied with a sequence (e.g. a cyclic shift of a CAZAC or computer generated sequence) in frequency domain with Orthogonal Cover Code (OCC) in time.
· BPSK and QPSK modulations for 1 and 2 UCI bits, respectively.
· Note: The usage of OCC for DMRS and UCI symbols is effectively disabled for differentiation of the users that are assigned with the same OCC.

Agreements:
· For a long PUCCH in a slot,
· At most one hop for the long PUCCH is supported.
· FFS: details

In RAN1 90 [3], the following agreement was made for long PUCCH with up to 2 bits UCI payload 
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
In RAN1 90ah [4], the following agreement was also made. 
· Study further frequency hopping boundary for long PUCCH of up to 2 bits with N symbols focusing on the following options:
· Floor (N/2) 
· Ceiling (N/2) 
· N/2-1 where mod(N,4)=2; floor(N/2) otherwise
· Floor(Ceiling (N/2)/2) × 2
· Starting symbol driven frequency hopping boundary
· Companies are encouraged to perform further evaluations and analysis, also considering alignment (if necessary) of PUCCH of different durations

With the above agreements, the structure of long PUCCH with 1 or 2 bits UCI is basically in place, except that one important piece is missing. The missing piece is the frequency hopping position, if hopping is enabled by RRC. In this contribution, In this contribution, we share our proposal on this topic. 
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Furthermore, it’s been agreed in RAN1_90a that NR studies a new set of sequences for short PUCCH and long PUCCH for UCI bits up to 2. We need to study further the following alternatives:
o	Alt 1: The same set of sequences is used in short PUCCH and long PUCCH when each is used for transmission of up to 2 UCI bits on one PRB.
o	Alt 2: The different set of sequences can be used in short PUCCH and long PUCCH when each is used for transmission of up to 2 UCI bits on one PRB.
Using the same set of sequences for short and long PUCCH can simplify the design and also save CGS LUT tables. The same set of sequences can be used for short and long PUCCH as long as the sequence has constant modulus in frequency domain. In that way, different ACK/NACK/SR hypothesis and users may be separated with cyclic shifts and therefore, only 30 sequences are enough to support different cells. Otherwise, if we use different set of sequences for short PUCCH which is not constant modulus in frequency, we may need to define one sequence for each hypothesis or user per cell. 
We therefore have the following proposal:
Proposal 1: NR should use the same set of sequences in short PUCCH and long PUCCH for transmission of up to 2 UCI bits on one PRB.
Furthermore, as discussed in [5], the CGS sequences in Table 1 can be used as a new set of CGS sequences for 1 RB.
Proposal 2: Consider the sequences in Table 1 as CGS sequences for 1 RB in short and long PUCCH transmission of up to 2 bits of UCI. 
[bookmark: _Ref494737679]Table 1. New 30 CGS sequences with low PAPR
	Sequence index
	

	CM(dB)
	PAPR (dB)

	[bookmark: _Hlk481486282]0
	-3    -3    -3    -3     1     1    -3    -3     1    -3     1    -3
	  0.0075
	    2.1494

	1
	 -3     1    -3     1    -3    -3     1     1    -3    -3    -3    -3
	    0.0075
	    2.1494

	2
	-3     1    -1     3     3    -1     1    -3    -3    -3    -3    -3
	    0.2051
	    2.3349

	3
	-3     1     3    -1    -1     3     1    -3    -3    -3    -3    -3
	    0.2051
	    2.3349

	4
	-3    -3    -3    -3    -3     1    -1     3     3    -1     1    -3
	    0.2051
	    2.3349

	5
	-3    -3    -3    -3    -3     1     3    -1    -1     3     1    -3
	    0.2051
	    2.3349

	6
	 -3     1     3    -3    -1    -1    -1    -3    -3     3    -1    -3
	    0.1945
	    2.4072

	7
	 -3     3    -1    -3    -3     3     3     3    -3    -1     1    -3
	    0.1945
	    2.4072

	8
	 -3    -1     3    -3    -3    -1    -1    -1    -3     3     1    -3
	    0.1945
	    2.4072

	9
	 -3     1    -1    -3     3     3     3    -3    -3    -1     3    -3
	    0.1945
	    2.4072

	10
	 -3     1     1     1     3    -3    -1    -3    -3    -3     1    -3
	    0.6541
	    2.4753

	11
	 -3     1    -3    -3    -3     3    -3    -1     1     1     1    -3
	    0.6541
	    2.4753

	12
	 -3     1    -3    -3    -3    -1    -3     3     1     1     1    -3
	    0.6541
	    2.4753

	13
	-3     1     1     1    -1    -3     3    -3    -3    -3     1    -3
	    0.6541
	    2.4753

	14
	-3     1    -1     3     3    -3    -3     3     3    -1     1    -3
	    0.2777
	    2.5194

	15
	-3     1     3    -1    -1    -3    -3    -1    -1     3     1    -3
	    0.2777
	    2.5194

	16
	-3     1    -1    -1     3     1     1     3    -1    -1     1    -3
	    0.2777
	    2.5194

	17
	 -3     1     3     3    -1     1     1    -1     3     3     1    -3
	    0.2777
	    2.5194

	18
	-3     3     1    -3    -1    -3    -1    -1    -1     3    -3    -3
	    0.4451
	    2.5196

	19
	 -3    -1     1    -3     3    -3     3     3     3    -1    -3    -3
	    0.4451
	    2.5196

	20
	-3    -3     3    -1    -1    -1    -3    -1    -3     1     3    -3
	    0.4451
	    2.5196

	21
	 -3    -3    -1     3     3     3    -3     3    -3     1    -1    -3
	    0.4451
	    2.5196

	22
	 -3     1    -1    -1     3     3    -3    -1    -1    -3    -1    -3
	    0.3331
	    2.5435

	23
	 -3    -1    -3    -1    -1    -3     3     3    -1    -1     1    -3
	    0.3331
	    2.5435

	24
	 -3     3    -3     3     3    -3    -1    -1     3     3     1    -3
	    0.3331
	    2.5435

	25
	 -3     1     3     3    -1    -1    -3     3     3    -3     3    -3
	    0.3331
	    2.5435

	26
	 -3    -1     1    -3     3    -3    -3     3    -1    -1    -1    -3
	    0.4355
	    2.5500

	27
	-3    -1    -1    -1     3    -3    -3     3    -3     1    -1    -3
	    0.4355
	    2.5500

	28
	-3     3     3     3    -1    -3    -3    -1    -3     1     3    -3
	    0.4355
	    2.5500

	29
	-3     3     1    -3    -1    -3    -3    -1     3     3     3    -3
	    0.4355
	    2.5500



The following tables summarize the PAPR and cross-correlation comparison between new CGS sequences and other sequences. We can see that for mean PAPR, our new sequences outperform LTE sequences by 1.7dB. for maximum PAPR, our new sequences outperform LTE sequences by 1.5dB. The cross-correlation of our new sequences are close to LTE sequences with marginal loss. Figure 1 shows the cross-correlation comparison between the new 30 sequences with other sequences. Figure 2 compares the PAPR. We can see that the cross correlations are all very close. CATT’s sequence in [2] has slightly better PAPR and small mean cross-correlation but much larger max. cross-correlation compared to our sequences. Huawei’s sequence in [1] has .5dB loss in PAPR though has better max. cross correlation. However, if we look at even the 99.5% tile, the cross-correlation is still very close. In summary, our sequences offer a better trade-off between PAPR and cross-correlation. The cross-correlation with length-12 LTE sequences are comparable.
Table 2. PAPR comparison between new CGS sequences and LTE sequences
	
	New 30 CGS sequences
	LTE sequences
	Huawei
	CATT

	Mean PAPR
	2.4566
	3.2070
	2.6299
	2.3453

	Max. PAPR
	2.5500
	4.0914
	2.9909
	2.4069

	Min. PAPR
	2.1494
	2.3349
	2.1494
	  2.1494



Table 3. CM comparison between new CGS sequences and LTE sequences
	
	New 30 CGS sequences
	LTE sequences
	Huawei
	CATT

	Mean CM
	0.3398
	0.5992
	0.5202
	0.2599

	Max. CM
	0.6541
	0.9248
	0.9402
	0.3530

	Min. CM
	0.0075
	0.1945
	0.0075
	0.0075



Table 4. cross correlation comparison between new CGS sequences and LTE sequences
	
	New CGS sequences
	LTE sequences
	Huawei
	CATT

	Mean Corr
	0.237
	0.243
	0.244
	0.222

	Corr. 95% tile:
	0.503
	0.496
	0.495
	0.507

	Corr. 99.5% tile:
	0.67
	0.64
	0.62
	0.82

	Max. Corr.
	0.88
	0.8
	0.68
	0.95
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(a) Self cross correlation                                      (b) cross correlation with leng-12 LTE sequences 

Figure 1: Cross correlation comparisons between the new CGS sequences with other sequences
Hopping position
Once hopping is enabled, one question is on which symbol the hopping occurs. Intuitively, for best PUCCH performance, one principle for deciding the hopping position should be allow floating hopping position depends on the starting and ending symbol location, such that the hopping can occur roughly at the middle of the long PUCCH duration. However, this principle of hopping in the middle of long PUCCH duration may not lead to best PUCCH performance in certain cases. Such cases could be when long PUCCH has N=4M+2 symbols where M = 1, 2, 3, especially when M=1 which leads to long PUCCH with 6 symbols. With a 6-symbols long PUCCH, there are two reasonable choices of hopping position, as shown in Figure 2. With alternative 1, hopping occurs on symbol 3, which leads to equal length of two parts of PUCCH. However, the first part has two DMRS symbols and 1 data symbol. The second part has 1 DMRS symbol with 2 data symbols. Therefore, in each part, the pilot to data ratio is very different from 50%. As we know, for 1 or 2 bits UCI, the optimal pilot ratio should be 50%. Therefore, alternative 1 does not achieve optimal pilot ratio in both parts, which should lead to some performance degradation for PUCCH. On the other hand, with alternative 2, hopping occurs on symbol 2. Both parts can achieve the optimal pilot ratio. Therefore, we expect alternative 2 yields better performance than alternative 1, which is confirmed by simulation results as shown in Figure 3. For 10 symbol long PUCH, the similar observation is observed in Figure 4. The details of simulation assumptions are given in Appendix.  
For long PUCCH with other durations where N=4M, N=4M+1, N=4M+3, the hopping in the middle of long PUCCH duration should work fine. 


[bookmark: _Ref489906375][bookmark: _GoBack]Figure 2: Two alternative hopping positions for a 6-symbol long PUCCH
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[bookmark: _Ref489907596]Figure 3: Performance comparison of two alternative hopping positions for a 6-symbol long PUCCH
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[bookmark: _Ref492802092]Figure 4: Performance comparison of two alternative hopping positions for a 10-symbol long PUCCH
The rule to decide hopping position is summarized in the following Table 5.
[bookmark: _Ref450903402]Table 5 Hopping positions for N symbols long PUCCH with up to 2 bits payload
	PUCCH duration
(N symbols)
	# symbols in 1st half after hopping
	# symbols in 2nd half after hopping

	4
	2
	2

	5
	2
	3

	6
	2
	4

	7
	3
	4

	8
	4
	4

	9
	4
	5

	10
	4
	6

	11
	5
	6

	12
	6
	6

	13
	6
	7

	14
	6
	8
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As we discussed above, we propose the following for frequency hopping boundary of long PUCCH.
Proposal 3: For a long PUCCH with N symbols to carry 1 or 2 bits UCI, if hopping is enabled, the hopping boundary is determined as follows
· N/2-1 where mod(N,4)=2; floor(N/2) otherwise
Conclusions
To summarize, we discussed long PUCCH with up to 2 bits UCI payload.  We have the following proposals.
Proposal 1: NR should use the same set of sequences in short PUCCH and long PUCCH for transmission of up to 2 UCI bits on one PRB.
Proposal 2: Consider the sequences in Table 1 as CGS sequences for 1 RB in short and long PUCCH transmission of up to 2 bits of UCI. 
Proposal 3: For a long PUCCH with N symbols to carry 1 or 2 bits UCI, if hopping is enabled, the hopping boundary is determined as follows
· N/2-1 where mod(N,4)=2; floor(N/2) otherwise

Appendix

	Simulation assumptions for Section 2

	Numerology
	30Khz SCS 
(15kHz when it is mentioned)

	Hopping distance
	168 RBs

	Long PUCCH duration
	6 symbols and10 symbols

	# RBs for long PUCCH
	1 RB

	Payload size
	1 bit (2bit when it is mentioned)

	# eNB antenna
	2

	Channel and noise estimation
	MMSE channel estimation and genie noise estimation
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