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1 Introduction
The following agreements on UL L1/L2 control channel designs for NR were achieved in RAN1 #86bis and #87 meeting [1] [2]. 
· At least two ways of transmissions are supported for NR UL control channel

· UL control channel can be transmitted in short duration

· around the last transmitted UL symbol(s) of a slot

· FFS: How to define and treat the potential gap at the end of the slot
· FFS: in the other positions, e.g., the first UL symbol(s) of a slot

· TDMed and/or FDMed with UL data channel within a slot

· UL control channel can be transmitted in long duration

· over multiple UL symbols to improve coverage

· FDMed with UL data channel within a slot

· FFS how to multiplex with SRS
· The frequency resource and hopping, if hopping is used, may not spread over the carrier bandwidth
· A UCI carried by long duration UL control channel at least with low PAPR design can be transmitted in one slot or multiple slots

· Transmission across multiple slots should allow a total duration of [1] ms at least for some cases
· FFS: more than [1] ms at least for some cases
· FFS the numbers of the slots
In this contribution, we mainly present our consideration on UL control structure in short duration. Both sequence-based and RS-based designs are discussed. 
2 UL control channel in short duration
For short NR-PUCCH format, it may only contain one UL symbol. Assuming 15 kHz sub-carrier spacing is used for the NR numerology, the duration will reduce to 1/14 of the LTE PUCCH. In power limited UL transmission, 92.86% of the total power, contained in 13 symbols will be lost. This would result in a significant coverage degradation, which even would be further decreased due to the loss of frequency hopping for a one-symbol UL control channel.
As agreed in RAN1#86bis, NR supports a DFT-S-OFDM based waveform complementary to CP-OFDM, at least for eMBB uplink and for frequency ranges up to 40GHz. In order to mitigate the performance loss of the NR short format PUCCH, a  transmission scheme with low peak-to-average power ratio (PAPR) / cubic metric (CM) should be supported for the UL control channel in short duration. 
Proposal 1: PUCCH transmission scheme with low PAPR/CM should be supported for the UL control channel in short duration.
In LTE, PUCCH Format 1/1a/1b/2/3 occupies one PRB in the frequency domain. One benefit is that the coherent bandwidth for most channel scenarios is usually in the range of one PRB. As a consequence, a sequence that would span multiple PRBs experiences a loss of orthogonality when being used for PUCCH transmission. In addition, for power limited uplink transmission there is no need to occupy too many frequency resources at least for a low payload size of the uplink UCI. Therefore, also for NR, it is preferable to use one PRB for the PUCCH in short duration, at least for a low payload size of uplink UCI. 
Proposal 2: UL control channel in short duration with one PRB in frequency domain should be considered at least for low payload sizes of the uplink UCI.
Regarding the PUCCH structure in short duration, one alternative is to use an RS-based transmission. Since TDM may not always be possible due to the limited number of symbols for UL control, RS and control information can be FDMed in the same symbol instead. However, a careful design is needed to maintain a low PAPR/CM. Another method is to apply sequence-based PUCCH which already has been introduced and discussed in [3]. In the following, we give further analysis on sequence-based PUCCH and also present a RS-based PUCCH structure with low PAPR/CM. 
2.1 Sequence-based PUCCH As an alternative to coherent transmission, the payload can be simply carried by pre-defined sequences. This is applicable for a low payload size of the uplink UCI. The length-12 Computer Generated Sequences (CGS) which are known from LTE can be reused in NR. As an example, shown in Figure 1, 1-bit ACK/NACK can be carried by two pre-defined length-12 sequences, W1(n) and W2(n). In case of 1-bit ACK, W1(n) is transmitted on the symbol and W2(n) is transmitted to indicate NACK. For 2 bits ACK/NACK transmission, 4 orthogonal sequences could be used and each represents one of the four possible ACK/NACK combinations. 
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Figure1. Sequence-based PUCCH in one-symbol  

For sequence-based PUCCH, the same PAPR/CM as for the LTE PUCCH is achieved. Meanwhile, no channel estimation is needed and non-coherent detection can be used at the receiver side to save processing time.
Proposal 3: At least for low payload sizes of the uplink UCI, a sequence-based PUCCH design can be considered for the short UL control channel.  
2.2 RS-based PUCCH with low PAPR/CM
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Figure2. RS-based PUCCH with RS on partial points of one sequence  
In LTE PUCCH Format 1/1a/1b, the modulated control information is carried by one length-12 sequence in each symbol and is TDMed with the RS. However, if the PUCCH only contains one symbol, TDM is no longer possible. In this case, control information and RS can be FDMed instead. Still, using only one sequence on each symbol will maintain a low PAPR. For example, the control information could only be modulated on some points of the sequence and the other points are used as RS. As shown in Figure 2, only one length-12 sequence is used for each UE. The BPSK/QPSK symbol sk is only modulated with W(n) on the even points of the sequence and then mapped onto the even sub-carriers. 
To achieve multiplexing of different UEs, the sequences must have the following properties, 

· Different sequences to be used for different UEs are mutually orthogonal.

· The even points of different sequences to be used for different UEs are mutually orthogonal.

· The odd points of different sequences to be used for different UEs are mutually orthogonal.
We find that the CGS and Zadoff-Chu (ZC) sequences as known from LTE meet the above requirements. For a length-N CGS/ZC base sequence, there are N/2 available sequences from its in total N different phase rotated sequences.
In [4], another FDM method for the short UL control channel is proposed. In that proposal, however, two different sequences are used, one for the RS and one for the control information. This will break the single carrier property and may incur a higher PAPR/CM. Also, with the same frequency resource utilization, a base sequence with longer length can be used for our here introduced design. This results in more available base sequences, which offers benefits for inter-cell multiplexing. 
Proposal 4: RS-based PUCCH design with low PAPR/CM can also be considered for short UL control channel.  
2.3 Analysis on PAPR/CM In this section, we present a further analysis on the PAPR/CM for the sequence-based PUCCH and the RS-based PUCCH in one OFDM symbol. 
The CM for the two different PUCCH structures are shown in Table 1 and Table 2, in which length-12 CGS are used and the IFFT size is 128 points. It can be observed that the CM of the RS-based structure when carrying BPSK symbols on the odd/even points is the same as that of sequence-based PUCCH. The CM of the RS-based structure when carrying QPSK symbols on the odd/even points becomes on average only 0.74 dB higher than sequence-based PUCCH. Since the CM of the sequence-based PUCCH structure in the time domain is the same as that of LTE PUCCH Format 1/1a/1b, we make the following observations:
Observation 1: The CM of CGS for a RS-based structure when carrying BPSK symbols only on the even or odd points of the sequence are identical to that of sequence-based PUCCH and LTE PUCCH Format 1/1a/1b. 
Observation 2: The CM of CGS for a RS-based structure when carrying QPSK symbols only on the even or odd points of the sequence get on average only 0.74 dB higher than that of sequence-based PUCCH and LTE PUCCH Format 1/1a/1b.  
Table 1 – the CM of different PUCCH structures – Part 1
	The root indices of CGS
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	CM_0
	1.59
	1.08
	1.22
	1.47
	1.11
	1.02
	1.62
	1.37
	0.94
	0.95
	1.47
	1.43
	1.02
	1.52
	1.49

	CM_1
	1.59
	1.08
	1.22
	1.47
	1.11
	1.02
	1.62
	1.37
	0.94
	0.95
	1.47
	1.43
	1.02
	1.52
	1.49

	CM_2
	2.39
	1.77
	2.19
	1.94
	2.17
	2.20
	1.81
	2.15
	1.97
	1.82
	2.44
	2.55
	2.17
	1.83
	1.43

	(CM_2-CM_0)
	0.80
	0.69
	0.97
	0.47
	1.06
	1.18
	0.19
	0.78
	1.03
	0.87
	0.97
	1.12
	1.15
	0.31
	-0.06


Table 2 – the CM of different PUCCH structures– Part 2

	The root indices of CGS
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30

	CM_0
	1.27
	1.58
	1.56
	1.32
	1.47
	1.40
	1.42
	1.33
	1.08
	1.18
	1.10
	1.16
	1.60
	1.32
	1.35

	CM_1
	1.27
	1.58
	1.56
	1.32
	1.47
	1.40
	1.42
	1.33
	1.08
	1.18
	1.10
	1.16
	1.60
	1.32
	1.35

	CM_2
	2.58
	2.04
	1.88
	2.00
	2.73
	2.53
	1.81
	2.41
	1.77
	1.89
	1.65
	1.42
	2.28
	1.69
	2.07

	CM_2-CM_0
	1.31
	0.46
	0.32
	0.68
	1.26
	1.13
	0.39
	1.08
	0.69
	0.71
	0.55
	0.26
	0.68
	0.37
	0.72


Note: CM_0 is the CM of the sequence-based PUCCH structure. CM_1 is the CM of the RS-based structure when carrying BPSK symbols on the odd/even points. CM_2 is the CM of the RS-based structure when carrying QPSK symbols on the odd/even points.  
3 Conclusion

This contribution provides the following observations and proposals:
Proposal 1: PUCCH transmission scheme with low PAPR/CM should be supported for UL control channel in short duration.

Proposal 2: UL control channel in short duration with one PRB in frequency domain should be considered at least for low payload sizes of the uplink UCI.

Proposal 3: At least for low payload sizes of uplink UCI, sequence-based PUCCH design can be considered for short UL control channel. 
Proposal 4: RS-based PUCCH design with low PAPR can also be considered for short UL control channel.  
Observation 1: The CM of CGS for a RS-based structure when carrying BPSK symbols only on the even or odd points of the sequence are identical to that of sequence-based PUCCH and LTE PUCCH Format 1/1a/1b. 

Observation 2: The CM of CGS for a RS-based structure when carrying QPSK symbols only on the even or odd points of the sequence get on average only 0.74 dB higher than that of sequence-based PUCCH and LTE PUCCH Format 1/1a/1b.  
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