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1. Introduction
At the RAN1#88bis meeting, following agreements were made [1]:
	Agreements:
· For long duration NR-PUCCH in a given slot, FFS the detailed NR PUCCH formats. Companies are encouraged to provide the corresponding details. 
· Some examples as a starting point:
· For small UCI payload with 1 or 2 bit(s), LTE PUCCH 1a/1b especially in light of # of symbols available for NR-PUCCH
· FFS: Time domain OCC is applied over allocated multiple symbols.
· For large UCI payload with X bits, LTE PUCCH format 4, or PUSCH
· FFS on applicability of (virtual) frequency domain OCC
· FFS for the value of X
· FFS for medium UCI payload with less than X bits
· Scalability of NR-PUCCH for different number of symbols available for NR-PUCCH
· 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.

Agreements:
· For DFTsOFDM in long-PUCCH, the following schemes are candidates for transmit diversity:
· Low PAPR Alamouti-based transmit diversity applied in frequency or time domain, transparent transmit diversity (e.g. short delay CDD), time domain beam/precoder cycling or SORTD
· FFS: for which PUCCH format and/or payload size 
· Other schemes with low PAPR are not precluded.
· Companies proposing a certain transmit diversity scheme are encouraged to jointly propose PUCCH structure and the transmit diversity scheme.


Below, we propose a design of long-PUCCH for UCI of more than 2 bits. Designs of long-PUCCH for up to 2 bits are discussed in our companion contribution [2]
2. Long-PUCCH structure for UCI of more than 2 bits
Long-PUCCH has a role to realize LTE-like coverage, payload, and performance. PUCCH format 4 is listed as the starting point example of the long-PUCCH structure in the RAN1#88bis agreements. Following is our proposed long-PUCCH design for UCI of more than 2 bits based on that. In general, our preference is to base LTE PUCCH format 4 and 5 with variable spreading factor in virtual frequency-domain.
Waveform
In order to realize sufficiently large coverage, DFT-s-OFDM waveform is used for any case. So far, there has been no strong reason to support CP-OFDM waveform for long-PUCCH.
Frequency-hopping
In order to achieve frequency-diversity gain under the restriction of DFT-s-OFDM waveform, application of frequency-hopping during the transmission is essential. For long-PUCCH, wide variation of the number of OFDM symbols and the number of slots are considered. For long-PUCCH within a slot, frequency-hopping pattern should be determined taking into account RS pattern, commonality with other channels/transmissions, performance, etc.
Multiple PRBs per long-PUCCH
Long-PUCCH shall accommodate a few hundreds of UCI bits. In order to accommodate this with reasonably low coding rate, use of multiple PRBs is essential. Like LTE PUCCH format 4, contiguous RBs can be used for one long-PUCCH transmission.
CDM using virtual frequency-domain OCC
LTE PUCCH format 5 applies OCC with spreading factor 2 to each OFDM symbol before DFT-spreading. This enables CDM of 2 UEs, while reducing the number of REs per symbol to 6. For NR long-PUCCH, the same spreading is useful to increase the capacity. LTE PUCCH format 5 was made to accommodate large UCI payload required for LTE enhanced CA (up to 32 CCs). In order to fit the structure to less UCI payload, application of OCC with higher spreading factor should be considered. For example, OCC with spreading factor 12 enables 2 bits per UCI symbol. The UCI bits are encoded and rate-matched to fit with N x 12 / SF, where N is the number of UCI symbols and SF is the spreading factor of the virtual frequency-domain OCC. Note that time-domain OCC is not necessary as virtual frequency-domain OCC enables CDM capacity of up to 12 PUCCHs on one PRB.
RS density
Optimal RS density could be up to the UCI payload, SNR operating point, and the number of symbols. However, considering that long-PUCCH will have various numbers of symbols, payloads, and PRBs, it is preferable to minimize variations in RS densities. Below, 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. 1. Figure 2 illustrates the required SNR for achieving the performance requirements defined in the Table 1.
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(a) RS overhead 50 %					(b) RS overhead 25%
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(c) RS overhead 12.5%
Fig. 1	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%
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(a) UCI 8 bits					(b) UCI 32 bits
Fig. 2	Required SNR for achieving the requirements.
From the evaluation results, it can be observed that RS density of around 25% offers generally good performance. Besides, it can also be observed that regardless of RS density and the number of symbols, application of frequency-hopping is important. Therefore, we suggest that RS density is assumed to be around 25% (or less if the number of symbols is small) and frequency-hopping is applied by default. Note that for a long-PUCCH spanning more than one slot, frequency-hopping can be considered to be per slot; which should be separately discussed after fixing the long-PUCCH design within a slot.

Based on the discussion so far, our proposed design is following:
Proposals:
· DFT-s-OFDM waveform is applied.
· Frequency-hopping is performed by default.
· For any number of symbols in case of long-PUCCH within a slot.
· For any number of slots in case of long-PUCCH over multiple slots.
· Number of PRBs can be configurable.
· For one PRB case, OCC is applicable.
· OCC spreading factor can be {2, 3, 4, 6, 12}.
· RS density of around 25% as baseline value.
· For less number of symbols for a long-PUCCH, higher RS density may be required.
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Fig. 2	Long-PUCCH having variable spreading factors or variable number of PRBs.
After agreeing the above proposal, RAN1 should fix exact patterns of RS and UCI symbols for given numbers of OFDM symbols per long-PUCCH and for give numbers of slots per long-PUCCH in case the long-PUCCH spans more than one slot.
Proposal 2:
· Companies are encouraged to provide detailed patterns of RS and UCI symbols for given numbers of OFDM symbols for long-PUCCH within a slot, and for given number of slots for long-PUCCH across multiple slots.

3. Conclusion
In this contribution, we presented a design of long-PUCCH for UCI of more than 2 bits, and proposed the following:
Proposals:
· DFT-s-OFDM waveform is applied.
· Frequency-hopping is performed by default.
· For any number of symbols in case of long-PUCCH within a slot.
· For any number of slots in case of long-PUCCH over multiple slots.
· Number of PRBs can be configurable.
· For one PRB case, OCC is applicable.
· OCC spreading factor can be {2, 3, 4, 6, 12}.
· RS density of around 25% as baseline value.
· For less number of symbols for a long-PUCCH, higher RS density may be required.
Proposal 2:
· Companies are encouraged to provide detailed patterns of RS and UCI symbols for given numbers of OFDM symbols for long-PUCCH within a slot, and for given number of slots for long-PUCCH across multiple slots.
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