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1. Introduction
In this contribution, our view on long-PUCCH structure for UCI of more 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. This based on the same concept as for long-PUCCH for UCI of up to 2 bits [3]. However, in general, unlike low UCI payload case, lower RS overhead offers better performance for higher UCI payload. Therefore, the building block can be defined, e.g., as in Fig. 1. 
In Fig. 1, two examples are illustrated. Fig. 1 (a) is the case where RS is mapped at the beginning of the block. Similar to PUSCH/PDSCH, front-loaded RS offers possibility for better processing timeline. Fig. 1 (b) shows the case where RS is mapped at the end of the block. Since ending position of the UL part of a slot is always the end of the slot, placing RS at the end of the slot makes sure that the RS position is kept unchanged regardless of UL part duration of a slot. This placement would increase the processing timeline, but the use of long-PUCCH is not necessarily be optimized for fast processing. 
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Fig. 1	Examples of minimum building block for long-PUCCH.

Similar to the long-PUCCH for UCI of up to 2 bits, time-domain spreading is not preferable as it requires defining multiple cases corresponding to different transmission durations. Frequency-domain spreading (if applicable) and channel coding should be designed such that various transmission durations can easily be achievable.
Proposal 1:
· Consider to build a long-PUCCH for UCI of more than 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 and/or DFT-s-OFDM waveform.
· The RS overhead ratio can be lower than that for long-PUCCH for UCI of up to 2 bits.
· Time-domain spreading is not applied. Frequency-domain spreading can be applied.
· Channel coding is used.
3. Performance evaluation
Average BER performance of multiple long-PUCCH structures having different transmission durations with different RS overheads is evaluated for high UCI payload case. Simulation parameters are listed in Table 1. Number of symbols for a given long-PUCCH, RS mapping patterns, and frequency-hopping patterns assumed in the evaluations are illustrated in Fig. 2. 
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(a) RS overhead 50 %					(b) RS overhead 25%
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(c) RS overhead 12.5%
Fig. 3	Evaluated PUCCH structures.

Table. 1 Simulation parameters
	Parameter
	Value

	Carrier frequency
	4GHz

	Channel model
	EPA

	System bandwidth
	20 MHz

	SCS
	15 kHz

	Antenna config.
	1 x 2

	No. of UCI bits
	8, 32

	CP overhead
	6.6%

	UE speed
	3km/h

	Channel est.
	Real

	Encoding
	TBCC with 8-bit CRC

	Target requirement
	ACK-to-NACK error probability <= 1%
NACK-to-ACK error probability <= 0.1%
DTX-to-ACK error probability <= 1%



Figure 4 illustrates the required SNR for achieving the performance requirements defined in the Table 1. Following observations are made:
· For UCI of 8 bits;
· In general, RS overhead of around 25% offers the best performance in most cases. When the duration is 4-symbol, since frequency hopping is not applicable, RS overhead of around 50%, which could apply frequency hopping, offers better performance. 
· RS overhead of 12.5% cannot offer frequency hopping for up to 8 symbols and hence, the performance is largely degraded compared to other RS overheads.
· For UCI of 32 bits;
· Almost same tendency with the case of UCI of 8 bits; RS overhead of 25% offers the best performance.
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(a) UCI 8 bits					(b) UCI 32 bits
Fig. 4	Required SNR for achieving the requirements.

Proposal 2:
· Support RS overhead ratio 25% for the minimum building block for long-PUCCH of high payload.
· Support frequency-hopping for long-PUCCH of high payload.

4. Conclusion
In this contribution, long-PUCCH for UCI of more than 2 bits is discussed and following proposal/observation were made.
Proposal 1:
· Consider to build a long-PUCCH for UCI of more than 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 and/or DFT-s-OFDM waveform.
· The RS overhead ratio can be lower than that for long-PUCCH for UCI of up to 2 bits.
· Time-domain spreading is not applied. Frequency-domain spreading can be applied.
· Channel coding is used.
Proposal 2:
· Support RS overhead ratio 25% for the minimum building block for long-PUCCH of high payload.
· Support frequency-hopping for long-PUCCH of high payload.
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