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1. Introduction
At the RAN1 previous meetings, UL control channel for NR were discussed and following agreements were made [1]:
	Agreements at RAN1#87:
· 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
Agreements at RAN1#87:
· For UL control channel with long duration, TDM between RS and UCI is supported at least for DFT-S-OFDM
· FFS on location of RS symbol(s) (e.g., front-loaded RS, fixed-location RS)


In this contribution, we discuss the aspects related to UL control channel for NR (NR PUCCH) in long duration. The discussion about short PUCCH is in our companion paper [2].
2. NR-PUCCH structure in long duration
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]PUCCH in short-duration with more than 1-symbol duration
NR PUCCH in short duration could occupy one symbol duration of a slot, and could be a structure using one symbol (Format A) or split-symbols (Format B). Format A needs to be based on CP-OFDM waveform, while Format B good matches to DFT-s-OFDM waveform. A PUCCH in short-duration spanning a few symbol duration of a slot can be made based on Format A or Format B. For PUCCH in long-duration, DFT-s-OFDM waveform is preferable to achieve better coverage. PUCCH in short-duration based on Format B and PUCCH in long-duration with DFT-s-OFDM waveform can have large amount of commonality. Assuming 1/2 DMRS density as an example, the NR PUCCH with a few symbol duration of a slot could be attained as illustrated in Figure 1. This format could be used to construct NR PUCCH in long duration and ease the overall design with common structure.
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Figure 1	PUCCH in short-duration with 2-symbol
Common structure for NR PUCCH in long duration
By utilizing NR PUCCH in short duration as the unit, NR PUCCH in long duration can be implemented by repeating the units in time domain. As illustrated in Figure 2, since NR PUCCH in long duration is mainly used in the use case of UL only or UL centric, for one specific UE, the UCI payload could be spanned (spread/repeated/encoded) among the scattered symbols across time domain by concatenating multiple units. In this case, one common structure could be attained easily for PUCCH in long duration in both UL-only and UL-centric slot to avoid individual designs for them. gNB receives the NR PUCCH with multiple units and can combine these multiple units to improve performance/reliability. 
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(a) UL-only slot                                                   (b) UL-centric slot
Figure 2	NR PUCCH in long duration constructed by NR PUCCH in short duration
In order to offer frequency diversity gain, frequency hopping could also be implemented with this structure just by following similar way as LTE. Moreover, the consecutive units are not bound to be located on the same frequency resource, i.e. if more frequency diversity gain is expected to be exploited, they could be mapped onto totally different frequency resources.
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(a) UL-only slot                                                   (b) UL-centric slot
Figure 3	Frequency hopping
Beside reliability, the NR PUCCH in long period could also be used to convey higher UCI payload size. As illustrated in Figure 4, UE could be configured/indicated with how many units are used to transmit specific UCI. Frequency hopping could still be conducted to achieve frequency selective gain. From system point of view, the different UCI payload bits could come from the same UE of different UEs. 
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Figure 4	Different UCI payload bits with NR PUCCH in long duration
Nevertheless, the performance of this uniformly multiple unit structure still needs more investigation in terms of multiplexing capacity, robustness against inter-cell interference etc. 
Proposal 1:
· RAN1 to support PUCCH in long-duration in both UL-only slot and UL-centric slot.
· Consider to use one common structure for PUCCH in long-duration in both UL-only slot and UL-centric slot.
· Further study is needed for the performance of this common structure in terms of multiplexing capacity, robustness against inter-cell interference etc.
3. Performance Evaluation
3.1. BER performance of NR PUCCH in long period
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]In this sub-section, in order to observe the overage performance for NR PUCCH in long period with the structure proposed in section 2, the BER performance is evaluated by using link-level evaluation under the simulation parameters listed in Table 1. Different symbol numbers of NR PUCCH, i.e. [2, 4, 6, 8, 10, 12, 14] symbols, are evaluated by comparing to LTE-PUCCH format 1b, and the detailed structures are illustrated in Figure 5. Similar to LTE-PUCCH format 1b, QPSK modulation and frequency hopping are utilized to map the 2-bit UCI payload into the PUCCH REs.
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Figure 5	Cases for required SNR evaluation of NR PUCCH in long duration
Since the basic unit is kept for all the evaluated cases, DMRS density 1/2 holds for all of them. SCS 15 kHz is assumed to be comparable to LTE PUCCH although CP-OFDM is assumed for simplicity. Antenna configuration of {1Tx, 2Rx (uncorrelated)} at 4GHz under EPA channel is utilized.
Table 1 Simulation parameters
	Parameter
	Value

	SCS
	15kHz

	No. of UCI bits
	2

	Antenna config.
	1 x 2

	CP overhead
	6.6%

	UE speed
	3km/h

	Channel est.
	Real

	Receiver
	MLD

	Encoding
	Repetition code

	Waveform
	CP-OFDM


According to Figure 2, it is observed that the performance gets better along with the increase of the number of OFDM symbols used for NR PUCCH. Apparently, this is due to the fact the redundancy level of NR PUCCH increases with the number of available OFDM symbols for the UCI bits. Besides, comparing to LTE PUCCH format 1b, the NR PUCCH under the structure with 14 OFDM symbols has quite similar performance. Obviously, this is because they have similar DMRS density (around 1/2) and available resource for UCI bits.
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Figure 6 	BER performance of NR PUCCH in long duration
Observation 1:
· NR PUCCH in long duration with the common structure could achieve similar BER performance to LTE PUCCH.
3.2. Link-budget analysis
In this subsection, possible communication distance of NR PUCCH in long duration is analyzed. Both 4GHz and 28GHz are considered for the link-budget analysis. The required SNR (dB) is the SNR satisfying A-to-N error probability <= 1%, N-to-A error probability <= 0.1%, and D-to-A error probability <= 1%. We assumed following four different symbol numbers of NR PUCCH, i.e. [2, 4, 12, 14] symbols, and the target SNR is obtained by the link-level simulations with the parameters listed in Table A1.
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Figure 7	Cases for link-budget analysis
In the following tables, maximum coupling loss (dB) is derived. Then, assuming a certain shadowing loss and margin, the possible communication distance is derived using the pathloss equation. From the analysis, it can be observed that NR PUCCH in long duration with the common structure scattering across multiple units, i.e. 2~14 symbols, can be used for a cell range around 200~600m at 4GHz and 250~700m at 28GHz. Further optimization should be targeted for NR to support better coverage such as the waveform.
Table 2	Link-budget analysis (for 1x2, 4GHz carrier frequency with SCS = 15kHz and EPA)
	Physical channel name
	2 Symbol
	4Symbol
	12 Symbol
	14 Symbol

	No. of PRBs
	1
	1
	1
	1

	Subcarrier spacing (kHz)
	15
	15
	15
	15

	Max Tx power  (dBm)
	23
	23
	23
	23

	(1) Actual Tx power (dBm)
	23
	23
	23
	23

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5
	5

	(4) Interference margin (dB)
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	180000
	180000
	180000
	180000

	 (6) Effective noise power= (2) + (3) + (4) + 10 log((5))  (dBm)
	-116.4472749
	-116.4472749
	-116.4472749
	-116.4472749

	(7) Required SNR (dB)
	2
	-3
	-7.5
	-8

	(8) Receiver sensitivity  = (6) + (7) (dBm)
	-114.4472749
	-119.4472749
	-123.9472749
	-124.4472749

	(9) MCL = (1) - (8) (dB)
	137.4472749
	142.4472749
	146.9472749
	147.4472749

	Shadow fading 4dB margin (UMi, NLoS, Hex)
	133.4472749
	138.4472749
	142.9472749
	143.4472749

	 + 3dB margin
	130.4472749
	135.4472749
	139.9472749
	140.4472749

	Max distance (m)
	323
	442
	586
	605

	 + 6dB margin
	127.4472749
	132.4472749
	136.9472749
	137.4472749

	Max distance (m)
	267
	366
	485
	501

	 + 9dB margin
	124.4472749
	129.4472749
	133.9472749
	134.4472749

	Max distance (m)
	221
	303
	402
	415



Table 3	Link-budget analysis (for 2x32, 28GHz carrier frequency with SCS = 60kHz and CDL-B)
	Physical channel name
	2 Symbol
	4Symbol
	12 Symbol
	14 Symbol

	No. of PRBs
	1
	1
	1
	1

	Subcarrier spacing (kHz)
	60
	60
	60
	60

	Max Tx power  (dBm)
	23
	23
	23
	23

	(1) Actual Tx power (dBm)
	23
	23
	23
	23

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	7
	7
	7
	7

	(4) Interference margin (dB)
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	720000
	720000
	720000
	720000

	 (6) Effective noise power= (2) + (3) + (4) + 10 log((5))  (dBm)
	-108.426675
	-108.426675
	-108.426675
	-108.426675

	(7) Required SNR (dB)
	-24.5
	-27.5
	-32.5
	-33

	(8) Receiver sensitivity  = (6) + (7) (dBm)
	-132.926675
	-135.926675
	-140.926675
	-141.426675

	(9) MCL = (1) - (8) (dB)
	155.926675
	158.926675
	163.926675
	164.426675

	Shadow fading 7.82dB margin (Umi street-Canyon, NLoS, Hex)
	148.106675
	151.106675
	156.106675
	156.606675

	 + 3dB margin
	145.106675
	148.106675
	153.106675
	153.606675

	Max distance (m)
	400
	487
	675
	697

	 + 6dB margin
	142.106675
	145.106675
	150.106675
	150.606675

	Max distance (m)
	329
	400
	555
	573

	 + 9dB margin
	139.106675
	142.106675
	147.106675
	147.606675

	Max distance (m)
	270
	329
	456
	471


Observation 2:
· NR PUCCH in long duration with 2~14 symbols under the common structure as proposed in section 2 could be used for a cell range around 200~600m at 4GHz and 250~700m at 28GHz.
4. Conclusion
In this contribution, we discussed UL control channel for NR (NR PUCCH) in long period and proposed the following:
Proposal 1:
· RAN1 to support PUCCH in long-duration in both UL-only slot and UL-centric slot.
· Consider to use one common structure for PUCCH in long-duration in both UL-only slot and UL-centric slot.
· Further study is needed for the performance of this common structure in terms of multiplexing capacity, robustness against inter-cell interference etc.
Observation 1:
· NR PUCCH in long duration with the common structure could achieve similar BER performance to LTE PUCCH.
Observation 2:
· NR PUCCH in long duration with 2~14 symbols under the common structure as proposed in section 2 could be used for a cell range around 200~600m at 4GHz and 250~700m at 28GHz.
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Appendix
Table A1	Simulation parameters
	Parameter
	Value

	Carrier frequency
	4GHz
	28GHz

	Channel model
	EPA
	CDL-B UMi street canyon

	System bandwidth
	20MHz
	80MHz

	Subcarrier spacing
	15kHz
	60kHz

	Antenna configuration
	1Tx, 2Rx (uncorrelated)
	2Tx, 32Rx (polarized)

	CP overhead
	6.6%

	UE speed
	3km/h

	UCI bits
	2bits

	Receiver
	MLD

	Encoding
	Repetition code

	Number of subcarriers per PRB
	12

	Waveform
	CP-OFDM

	Phase-noise
	Not modelled



- 6/6 -
image3.png
For UL-only slot

(a)

DL

For UL-centric slot

(b)




image4.png
PUCCH for mini-slots

1

1T

—

|

;ﬁ!

RS Different UCI in each unit





image5.png
] [ERERER
Bl T
2 Symbol 6 Symbol 10 Symbol
[EREN [EESNEN]
LNl NN [IEIREE!
4 Symbol 8 Symbol 12 Symbol

14 Symbol

LTE PF1b




image6.png
1.00E+00

1.00E-01

1.00E-02

—e— 2 symbol
—e— 4 symbol
—— 6 symbol
—— 8 symbol
—=— 10 symbol
—=— 12 symbol
—&— 14 symbol
A L TE PF1b

1.00E-03





image7.png
2 Symbol

4 Symbol

12 Symbol

14 Symbol




image1.png
RS

ucl





image2.png
For UL-only slot

For UL-centric slot

T

/]

///

DL

—~ | —1

[

1

=

—

RS ucl

(a)

RS ucl

(b)





