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1 Introduction

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

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#2

· 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.
· 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.
· For a long PUCCH in a slot,
· At most one hop for the long PUCCH is supported.
· FFS: details
Based on the previous agreements, this contribution will discuss the location of PUCCH with different symbol number on different slot types firstly. According to the location of PUCCH, structures for long PUCCH with up to 2 bits have been proposed, which include DMRS locations, frequency hopping boundary and time domain OCC. Further, sequence design for NR long PUCCH has been discussed.
2 Discussion
2.1 Supported number of symbols on different slot types
Based on the agreements in RAN1#88bis meeting, long PUCCH design should consider a set of symbol numbers (4-symbol to 14-symbol). Firstly, to keep the short PUCCH & SRS in the UL-only & UL-centric slot aligned with DL-centric slot, the UL symbol(s) to transmit short PUCCH & SRS should be located at the end of the slot. Further, considering symbol number of DL control (“D” in Figure 1), Guard Period (“G” in Figure 1), short PUCCH and SRS (“U” in Figure 1), we will discuss the potential locations of 4-symbol to 14-symbol long PUCCH for 7-symbol slot and 14-symbol slot respectively.

For 7-symbol slot, load of DL control will not be as much as the slot with 14-symbol, 1-symbol DL control channel may satisfy the requirement of scheduling possibly. What is more, in UL-centric slot, DL-control channel cannot be dynamically reused by DL data, 2-symbol DL control channel may lead to waste of resource in 7-symbol slot. According to the previous analysis, the preferred locations of 4-symbol to 7-symbol long PUCCH are shown in Figure 1(a). 

For 14-symbol slot, 1-symbol and 2-symbol DL control channel can be considered both, and the preferred locations of 8-symbol to 14-symbol long PUCCH are shown in Figure 1(b).
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Figure 1. Locations of long PUCCH in 7-symbol slot and 14-symbol slot.
Based on the location of long PUCCH, structures for long PUCCH are proposed in the following section.

Proposal 1: For long PUCCH, the supported number of symbols should relate to the slot type:

· For the UL-centric slot in 7-symbol slot, the supported number of symbols are {4,5};

· For the UL-only slot in 7-symbol slot, the supported number of symbols are {5,6,7};

· For the UL-centric slot in 14-symbol slot, the supported number of symbols are {8,9,10,11,12};

· For the UL-only slot in 14-symbol slot, the supported numbers of symbols are {12, 13, 14}.
2.2 Structures of long PUCCH with up to 2 bits
· DMRS locations
Based on the agreements on the last meeting, DMRS symbols and UCI symbol should be interleaved in the time domain, and the specific location of DMRS symbols need to FFS. For the DMRS locations, if they locate at the fixed locations in the 7-symbol slot and 14-symbol slot, it will reduce the complexity of channel estimation. In addition, if the neighbor cells use the long PUCCH with different symbol length, fixed DMRS locations will keep DMRS out of the interference of UCI. So, as shown in Figure 2 & Figure 3, for DMRS symbols of NR long PUCCH with up to 2 bits, even symbols of long PUCCH and odd symbols of long PUCCH are applied for different PUCCH location
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       (a) With frequency hopping                          (b) Without frequency hopping
Figure 2. Long PUCCH format with moderate payload for 4-7 symbols.
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Figure 3. Long PUCCH format with moderate payload for 8-14 symbols.
· Frequency hopping boundary
As agreed in previous meetings, intra-slot frequency hopping needs to be supported, while at most one hop is supported. To maximize the frequency diversity gain, the frequency hopping 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.

· 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-length to 7-length 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 only time domain spread will be not applied. For example, a 6-length long PUCCH is shown in Figure 4. However, if frequency hopping is disabled, 2-time time domain spread can be considered for the 4-length to 7-length long PUCCH, since there are at least 2 DMRS symbols.
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Figure 4. 1-time time domain spread for 6-symbol long PUCCH.
For the 8-length to 11-length 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 2-time time domain spread can be applied. For example, an 8-length long PUCCH is shown in Figure 5.
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Figure 5. 2-time time domain spread for 8-symbol long PUCCH.
For the 12-length to 14-length 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 3-time time domain spread can be applied. For example, a 12-length long PUCCH is shown in Figure 6.
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Figure 6. 3-time time domain spread for 12-symbol long PUCCH.
Proposal 2: For structures of NR long PUCCH with up to 2 bits, even symbols and odd symbols are applied for different PUCCH location to make the DMRS positions fixed for all PUCCH lengths in 7-symbol slot and 14-symbol slot, respectively.

Proposal 3: For structures of NR long PUCCH with up to 2 bits, different time domain OCC can be applied for different cases:

· For 4-7 symbols, time domain spread will be not applied when frequency hopping is enabled;

· For 8-11 symbols, 2-time time domain spread can be applied;
· For 12-14 symbols, 3-time time domain spread can be applied.
2.3 Sequence design for long PUCCH
In LTE, sequences for DMRS and UCI both come from Computer Generated Sequences (CGSs), and the directions of optimization include low PAPR/CM and low cross-correlation. In NR, these two metrics are still important for the sequence design for long PUCCH. To evaluate the property of CGSs correctly, we should define the method of evaluation firstly.
· PAPR/CM

A low PAPR/CM property of transmitted signals can improve the coverage. So, a good CGS used for long PUCCH should be: after oversampling, the signal can keep a low PAPR/CM property. 
· Cross-correlation
A low cross-correlation property of received signals can reduce the interference to the neighbour cell. In the actual fading channel, transmitted sequences will go through phase rotation, while the granularity of phase rotation may small than the basic unit of cyclic shift. So, a good CGS used for long PUCCH should be: after a small granularity of phase rotation, the signal can keep a low cross-correlation with other signals. 
From the Table 2, we can find that although the selected sequences of LTE all have a low CM property, the PAPR of some selected sequences are not good enough (PAPR of some CGSs are higher than 4 dB). In NR, we should try to find a new set of CGSs which can keep low PAPR, low CM and low cross-correlation simultaneously.
In [3], a new set of CGSs have been proposed for short PUCCH, the PAPR of the new set of CGSs are all low enough (PAPR of all CGSs are below than 2.55 dB). But as shown in and Figure 7, the cross-correlation of QC’s sequences do not show a good performance, which will lead to more inter-cell interference. Based on the design target for sequences of NR long PUCCH, we propose a new set of CGSs, which can be found in the Table 1. For the proposed CGSs, all of PAPR are less than 3.0 dB and all of CM will are less than 1.12 dB, while all of cross-correlation are less than 0.6875.
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Figure 7. Cross-correlation of new set of CGSs.
3 Conclusion
In this contribution, structures of long PUCCH with moderate payload are given. Based on above discussions, following proposal and observations are given. 
Proposal 1: For long PUCCH, the supported number of symbols should relate to the slot type:

· For the UL-centric slot in 7-symbol slot, the supported number of symbols are {4,5};

· For the UL-only slot in 7-symbol slot, the supported number of symbols are {5,6,7};

· For the UL-centric slot in 14-symbol slot, the supported number of symbols are {8,9,10,11,12};

· For the UL-only slot in 14-symbol slot, the supported numbers of symbols are {12, 13, 14}.
Proposal 2: For structures of NR long PUCCH with up to 2 bits, even symbols and odd symbols are applied for different PUCCH location to make the DMRS positions fixed for all PUCCH lengths in 7-symbol slot and 14-symbol slot, respectively.

Proposal 3: For structures of NR long PUCCH with up to 2 bits, different time domain OCC can be applied for different cases:

· For 4-7 symbols,  time domain spread will be not applied when frequency hopping is enabled ;

· For 8-11 symbols, 2-time time domain spread can be applied;
· For 12-14 symbols, 3-time time domain spread can be applied.
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Appendix

Table 1. CM & PAPR of new CGSs
	Sequence index
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	CM (dB)
	PAPR (dB)

	0
	x(n) = -3, -3, -3, -3,  1,  1, -3, -3,  1, -3,  1, -3;
	0.0089190;
	  2.1494;

	1
	x(n) = 1, -3,  1, -3,  1,  1, -3, -3,  1,  1,  1,  1;
	0.0089190;
	  2.1494;

	2
	x(n) = -3,  3,  3,  1, -1, -3,  1, -3, -1,  1,  1,  3;
	0.4185969;
	  2.3486;

	3
	x(n) = -3,  1,  3, -1,  3,  1, -1, -1, -1, -1,  1,  1;
	0.4185969;
	  2.3486;

	4
	x(n) = 3,  1,  3,  1,  3,  1,  3, -3, -1, -3,  3,  1;
	0.3292650;
	  2.4069;

	5
	x(n) = -3,  3,  1,  3,  1, -1,  1,  3,  1,  3, -3,  3;
	0.3292650;
	  2.4069;

	6
	x(n) = 1,  3,  1, -1,  1, -1, -3, -1,  1, -1,  1,  3;
	0.3292650;
	  2.4069;

	7
	x(n) = 3, -1,  3, -1, -1, -1, -1,  3,  3, -1, -1,  3;
	0.3292650;
	  2.4069;

	8
	x(n) = -3, -1, -3,  3,  3,  3,  3, -1, -3,  3, -3, -1;
	0.7756492;
	  2.4753;

	9
	x(n) = 1,  3,  1, -1,  3, -1,  3,  3,  1, -1,  1,  3;
	0.7756492;
	  2.4753;

	10
	x(n) = 1, -1,  1, -1, -1,  1,  3,  3, -1, -1, -3,  1;
	0.3950540;
	  2.5435;

	11
	x(n) = 1,  3,  1,  3,  3,  1, -1, -1,  3,  3, -3,  1;
	0.3950540;
	  2.5435;

	12
	x(n) = -3,  1,  3,  1,  3, -3, -3, -3,  3, -1, -3,  3;
	0.6759310;
	  2.6023;

	13
	x(n) = -1, -3,  3, -1, -3, -3, -3, -1,  1, -1,  1, -3;
	0.6759310;
	  2.6023;

	14
	x(n) = -1,  3, -1, -1, -1,  3, -1,  3,  3, -1, -1, -1;
	1.0032380;
	  2.6207;

	15
	x(n) = 1, -3,  1,  1, -3, -3, -3, -3,  1, -3, -3, -3;
	1.0032380;
	  2.6207;

	16
	x(n) = -1,  1,  3, -3,  1, -1,  1, -1, -1, -3,  1, -1;
	0.5725079;
	  2.6284;

	17
	x(n) = 1,  3,  3, -3,  1,  3,  1,  3,  3,  1, -1, -3;
	0.5725079;
	  2.6284;

	18
	x(n) = 3, -3,  3, -3,  3, -1,  1,  3, -3,  3,  1, -1;
	0.4302942;
	  2.7036;

	19
	x(n) = 1, -1, -3,  3, -3, -1,  1, -3,  3, -3,  3, -3;
	0.4302942;
	  2.7036;

	20
	x(n) = 3, -1, -3,  3, -3, -1,  3,  3,  3, -3, -1, -3;
	0.5725079;
	  2.7594;

	21
	x(n) = 1,  3,  1, -1,  3, -1, -1, -3,  3, -3, -1, -1;
	0.5725079;
	  2.7594;

	22
	x(n) = -1, -3,  3, -3,  1, -3, -3, -3, -1,  1,  3,  1;
	0.8165902;
	  2.9174;

	23
	x(n) = -1, -1, -1,  3, -3, -1, -3,  3, -1,  3, -1, -1;
	0.8165902;
	  2.9174;

	24
	x(n) = 3,  3, -1, -3,  3,  1,  3,  1, -3,  1, -3, -1;
	1.1149830;
	  2.9209;

	25
	x(n) = 1, -3,  3,  1, -1, -1,  3,  3,  3,  3,  1,  3;
	1.1149830;
	  2.9209;

	26
	x(n) = -3, -1, -3,  3, -1,  1, -1,  3, -3, -1, -3, -3;
	1.0503447;
	  2.9631;

	27
	x(n) = 1,  3, -1, -1,  1, -1,  1,  1, -3,  3,  3,  1;
	0.8569378;
	  2.9846;

	28
	x(n) = 3, -1, -1, -1, -3, -1, -3,  1,  1, -3,  3, -3;
	0.8569378;
	  2.9909;

	29
	x(n) = 3,  3, -1,  1, -1,  1, -3, -3,  1, -1, -3, -1;
	0.8569378 
	   2.9909 


Table 2. CM & PAPR value based on LTE 12-length sequence with QPSK modulation
	Sequence Group: u
	CM value
	PAPR value
	Sequence Group: u
	CM value
	PAPR value
	Sequence Group: u
	CM value
	PAPR value

	0
	2.96598
	5.4262
	10
	3.16086
	  5.5135
	20
	3.41983
	  5.1383

	1
	2.06795
	4.6678
	11
	3.43573
	   5.5533
	21
	1.80650
	   4.3406

	2
	2.85096
	4.9448
	12
	2.97067
	   4.7712
	22
	3.21505
	   4.9422

	3
	2.04517
	4.8145
	13
	1.74531
	   3.8230
	23
	2.06795
	   4.6678

	4
	2.89224
	4.9332
	14
	0.93105
	   3.4677
	24
	2.23158
	   4.5872

	5
	3.04466
	5.2288
	15
	3.61615
	   5.5097
	25
	1.75983
	   4.6146

	6
	1.58426
	4.1464
	16
	2.17602
	   4.0151
	26
	1.16025
	   3.6850

	7
	2.63220
	4.6546
	17
	1.81716
	   4.5313
	27
	2.71305
	   5.2329

	8
	2.62159
	 5.0408
	18
	2.33947
	   4.7195
	28
	1.63773
	   4.4441

	9
	2.28904
	 4.2597
	19
	3.78208
	   5.9160
	29
	2.46590
	   4.8500
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