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1. Introduction
In this contribution, initial views on PUCCH design for URLLC low latency is discussed.
2. PUCCH for URLLC low latency
One of the use-case of NR is URLLC, in which U-plane latency of 0.5ms ~ 1ms is required. For this, TTI shortening is promising. NR supports two realizations of TTI shortening:
· Realization 1: Using higher SCS compared to eMBB.
· For example, SCS of 60kHz with a slot length of 7 symbols can realize TTI length of around 0.125ms.
· Realization 2: Using mini-slot.
· 2 symbol mini-slot with SCS of 15kHz can realize TTI length of around 0.14ms.
2.1. PUCCH using higher SCS
For realization 1, further investigation is necessary to see whether a simple re-use of eMBB short-PUCCH works. This highly depends on short-PUCCH structure.
In order to demonstrate this, link-level simulation is conducted. Two structures are evaluated:
· DMRS-based short-PUCCH
· UCI 2 bits are modulated by QPSK and mapped on odd REs.
· DMRS symbols are mapped on the other REs. 
· 4 RBs over one OFDM symbol is assumed for one short-PUCCH.
· In order to enable CDM, OCC per RB is assumed.
· Sequence-based short-PUCCH
· One sequence is selected based on which UCI 2 bits the UE transmits.
· The sequence is single CAZAC sequence on one OFDM symbol.
· 4 RBs over one OFDM symbol is assumed for one short-PUCCH.
Note: Detail of sequence-based short-PUCCH is as referred to our companion contribution [1], [2].
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Fig. 1	Evaluated short-PUCCH structures.
Figure 1 presents the average BER performance as a function of received SNR (dB). SCS of 15 kHz and 60 kHz are plotted for comparison. For DMRS-based short-PUCCH (Fig. 1 (a)), both SCS of 15 kHz and 60 kHz offers similar performance under the given channel model (ETU or EPA). Under the ETU environment, BER performance is improved than EPA environment due to higher frequency-diversity gain. For the case of EPA, 60 kHz offers slightly better performance than 15 kHz. This is also because of better frequency-diversity, thanks to the higher SCS.
For sequence-based short-PUCCH (Fig. 1 (b)), performance degradation is observed for both SCS of 15 kHz and 60 kHz under ETU channel environment, compared to EPA environment. This is because a sequence is mapped over 4 RBs. Wider SCS results in wider bandwidth, and the bandwidth of SCS 60 kHz over 4 PRB is equivalent to the bandwidth of SCS 15 kHz over 16 PRBs. Especially with the SCS of 60 kHz, the sequence mapping becomes wider bandwidth and hence, detection performance degrades.
Note that also for DMRS-based short-PUCCH, if OCC is defined over multiple RBs, similar degradation could be observed.
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(a) DMRS-based short-PUCCH				(b) Sequence-based short-PUCCH
Fig. 2	Average BER performances of short-PUCCH with SCS of 15 kHz and 60 kHz.

In order to alleviate this degradation, sequence-based short-PUCCH for higher SCS should be designed such that a sequence does not span excessively wider bandwidth, e.g., limited to 1 RB or 2 RBs. On the other hand, in general, shorter sequence length may not be robust against cross-correlation among different sequences, which could be used in the neighboring. Therefore, for the sequence-based short-PUCCH, trade-off between robustness against channel frequency-selectivity and better cross-correlation characteristic among different sequences should be investigated further.
Note that also for DMRS-based short-PUCCH, the OCC unit for the short-PUCCH should not be wide bandwidth, e.g., OCC unit could be limited to 1 RB or 2 RBs. Wider bandwidth of the short-PUCCH can be realized by concatenating multiple of narrow OCC units over frequency unless lower PAPR is targeted. However, too short OCC unit limits the multiplexing capacity.
Proposal 1:
· Take the use-case of URLLC into account for designing short-PUCCH.
· Length of sequence/OCC over frequency is determined taking the balance between multiplexing capacity and performance into account.

2.2. PUCCH for mini-slot
Short-PUCCH having 1 or 2 symbols can be used for mini-slot having 2 symbols or more. Therefore, channel structure of short-PUCCH defined for eMBB can simply be re-used for mini-slot case.
In [1], we propose discuss TDM and/or FDM of short-PUCCH and PUSCH for a given UE. It is proposed that FDM between short-PUCCH and PUSCH should not be a default. However, for the mini-slot operation, this should be useful since pure TDM between short-PUCCH and PUSCH in a given mini-slot results in low efficient resource utilization. 
Proposal 2:
· Re-use short-PUCCH having 1 or 2 symbols for mini-slot operation.
· Support FDM between short-PUCCH and PUSCH in a mini-slot as a typical mechanism.

3. Conclusion
In this contribution, NR-PUCCH for URLLC low latency is considered and following proposals are made:
Proposal 1:
· Take the use-case of URLLC into account for designing short-PUCCH.
· Length of sequence/OCC over frequency is determined taking the balance between multiplexing capacity and performance into account.
Proposal 2:
· Re-use short-PUCCH having 1 or 2 symbols for mini-slot operation.
· Support FDM between short-PUCCH and PUSCH in a mini-slot as a typical mechanism.
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Annex: Simulation assumption
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	Parameter 
	Value

	Subcarrier-spacing
	15 kHz, 60 kHz

	Channel model
	EPA, ETU

	Carrier frequency
	4 GHz

	Number of UCI bits
	2

	Antenna configuration
	1 x 2

	UE speed
	3 km/h

	Receiver 
	ML detection
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