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1. Introduction
In this contribution, our view on long-PUCCH structure for UCI of up to 2 bits is presented.

2. Building of long-PUCCH
For NR, transmission of long-PUCCH over one or multiple slots is supported. Besides, various lengths of long-PUCCH from 4 symbols to up to at least one slot are supported. However, it is not desirable to define multiple PUCCH format having different lengths.
One approach is to define a minimum building block for long-PUCCH and concatenate the minimum building block to build a flexible length of long-PUCCH. The length of long-PUCCH can be flexibly controlled by the number of concatenated blocks. For example, the minimum building block can be 2-symbol structure having RS and UCI in TDM manner. Concatenation of this building block is preferable especially for low payload since (1) 50% of RS ratio is feasible for low payload case and (2) TDM between RS and UCI can maintain low PAPR waveform (i.e., DFT-s-OFDM).
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Fig. 1	Minimum building block for long-PUCCH.

Figure 2 illustrates two examples of long-PUCCH, which are suitable for UL-only slot and UL-centric slot. In the Fig. 2, not only just concatenating the blocks over time, but also frequency-hopping is applied to obtain frequency-diversity gain.
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(a) UL-only slot				(b) UL-centric slot
Fig. 2	Examples of long-PUCCH with different lengths.

For long-PUCCH, application of time-domain block-spreading increase the multiplexing capacity per PUCCH in CDM manner. However, different number of symbols in the transmission duration requires different block-spreading codes. In order to avoid this, spreading and multiplexing can be done over frequency-domain (i.e., over REs within a given symbol) only, and between different symbols, no CDM is applied, e.g., just repeated and scrambled. The benefit of this scheme is that common design is applicable to various transmission durations, while the drawback is that less CDM capacity due to the lack of time-domain spreading. 
Proposal 1:
· Consider to build a long-PUCCH for UCI of up to 2 bits by concatenating multiple building block(s).
· A building block is formed by RS and UCI symbols in TDM manner.
· A symbol of a building block is generated by CAZAC sequence or DFT-s-OFDM waveform.

3. Performance evaluation
Average BER performance is evaluated by link-level evaluation under the simulation parameters listed in Table 1. Different symbol numbers for PUCCH, i.e. [2, 4, 6, 8, 10, 12, 14] symbols, are evaluated by comparing to LTE-PUCCH format 1b. Evaluated PUCCH structures are illustrated in Fig. 3. 
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Fig. 3	Evaluated PUCCH structures.

Since the basic unit is kept for all the evaluated cases, RS overhead 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

	Carrier frequency
	4GHz
	28GHz

	Channel model
	EPA
	CDL-B UMi street canyon

	System bandwidth
	20MHz
	80MHz

	Subcarrier spacing
	15kHz
	60kHz

	Antenna configuration
	1x2
	2x32

	CP overhead
	6.6%

	UE speed
	3km/h

	UCI bits
	2bit

	Receiver
	MLD

	Encoding
	Repetition code

	Target BER
	0.1%

	Number of PRBs for PUCCH
	1



Figure 4 plots average BER performance as a function of received SNR in case of 4GHz carrier frequency. It is observed that the performance is improved as the number of OFDM symbols used for PUCCH increases. Comparing to LTE PUCCH format 1b, the PUCCH having 14 OFDM symbols has quite similar performance. Obviously, this is because they have similar RS overhead (around 1/2) and available resource for UCI bits.
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Fig. 4	Average BER performance.

With the required SNR for achieving target BER = 0.1%, link-budget is calculated. For simplicity, PUCCH structures having 2, 4, 12, and 14 symbols, are selected for calculation. In the link-level evaluation to derive the required SNR, we evaluated both 4GHz and 28GHz carrier frequencies.

Table 2 Link-budget (4GHz carrier frequency)
	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)
	-116.4
	-116.4
	-116.4
	-116.4

	(7) Required SNR (dB)
	7.5
	0.5
	-4
	-5

	(8) Receiver sensitivity  = (6) + (7) (dBm)
	-108.9
	-115.9
	-120.4
	-121.4

	(9) MCL = (1) - (8) (dB)
	131.9
	138.9
	143.4
	144.4

	Shadow fading 4dB margin (UMi, NLoS, Hex)
	127.9
	134.9
	139.4
	140.4

	 + 3dB margin
	124.9
	131.9
	136.4
	137.4

	Max distance (m)
	228
	355
	470
	501

	 + 6dB margin
	121.9
	128.9
	133.4
	134.4

	Max distance (m)
	189
	294
	390
	415

	 + 9dB margin
	118.9
	125.9
	130.4
	131.4

	Max distance (m)
	157
	243
	323
	344









Table 2 Link-budget (28GHz carrier frequency)
	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)
	-108.4
	-108.4
	-108.4
	-108.4

	(7) Required SNR (dB)
	-22
	-24.5
	-29.5
	-30

	(8) Receiver sensitivity  = (6) + (7) (dBm)
	-130.4
	-132.9
	-137.9
	-138.4

	(9) MCL = (1) - (8) (dB)
	153.4
	155.9
	160.9
	161.4

	Shadow fading 7.82dB margin (Umi street-Canyon, NLoS, Hex)
	145.6
	148.1
	153.1
	153.6

	 + 3dB margin
	142.6
	145.1
	150.1
	150.6

	Max distance (m)
	340
	400
	555
	573

	 + 6dB margin
	139.6
	142.1
	147.1
	147.6

	Max distance (m)
	279
	329
	456
	471

	 + 9dB margin
	136.6
	139.1
	144.1
	144.6

	Max distance (m)
	230
	270
	375
	387



Observation 1:
· Long-PUCCH for UCI of up to 2 bits using 14 symbols built by a minimum block can achieve quite similar BER performance with LTE PUCCH format 1a/1b.
· Long-PUCCH for UCI of up to 2 bits using various number of symbols can achieve various cell ranges.
· A cell range around 240m (4 symbols) ~ 350m (14 symbols) at 4GHz carrier frequency.
· A cell range around 270m (4 symbols) ~ 390m (14 symbols) at 28GHz carrier frequency.

4. Conclusion
In this contribution, long-PUCCH for UCI of up to 2 bits is discussed and following proposal/observation were made.
Proposal 1:
· Consider to build a long-PUCCH for UCI of up to 2 bits by concatenating multiple building block(s).
· A building block is formed by RS and UCI symbols in TDM manner.
· A symbol of a building block is generated by CAZAC sequence or DFT-s-OFDM waveform.
Observation 1:
· Long-PUCCH for UCI of up to 2 bits using 14 symbols built by a minimum block can achieve quite similar BER performance with LTE PUCCH format 1a/1b.
· Long-PUCCH for UCI of up to 2 bits using various number of symbols can achieve various cell ranges.
· A cell range around 240m (4 symbols) ~ 350m (14 symbols) at 4GHz carrier frequency.
· A cell range around 270m (4 symbols) ~ 390m (14 symbols) at 28GHz carrier frequency.
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