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1 Introduction
The following agreements on PUCCH in short-duration were achieved in the RAN1 Ad-hoc meeting [1]. 
	· For PUCCH in short-duration,

· At least following is supported for PUCCH in 1-symbol duration:

· UCI and RS are multiplexed in the given OFDM symbol in FDM manner if RS is multiplexed.
· Same SCS between DL/UL data and PUCCH in short-duration in the same slot.
· At least a PUCCH in short-duration spanning 2-symbol duration of a slot is supported.

· FFS actual structure and waveform.

· Same SCS between DL/UL data and PUCCH in short-duration in the same slot.

· At least semi-static configuration for the following is supported.

· A PUCCH resource of a given UE within a slot.

· i.e., short-PUCCHs of different UEs can be TDM’ed within the given duration in a slot.

· The PUCCH resource includes time, frequency and, when applicable, code domains.

· FFS details e.g., if the time in the PUCCH resource includes both slot and symbol, or only symbol in a slot

· PUCCH in short-duration can span until the end of a slot from UE perspective
· No explicit gap symbol is necessary after the PUCCH in short-duration.

· For a slot having short UL-part (i.e., DL-centric slot):

· ‘Short UCI’ and data can be FDMed by one UE if a data is scheduled on the short UL-part.

· For a slot having long UL-part (i.e., UL-centric slot or UL-only slot), following are FFS:

· Whether/how a UL data in the long UL-part can be extended until the end of the slots.

· Whether/how a UL data can be scheduled on the short-duration.
· For further discussion of PUCCH in short-duration, UCI payload of 1 – at least a few tens of bits (or SR) is assumed.
· For further discussion of PUCCH in long-duration, UCI payload of 1 – at least a few hundreds of bits (or SR) is assumed.
· For PUCCH in long-duration, DFT-s-OFDM waveform is supported.
· For PUCCH in long-duration, transmit antenna diversity is supported.
· FFS: PUCCH in short-duration


In this contribution, we mainly present our consideration on the UL control structure in short duration. Two PUCCH formats are discussed respectively for a UCI payload of a 1 or 2-bit transmission and for more than 2-bit transmissions.  
2 Design principles for PUCCH in short duration

The short NR-PUCCH format may only contain one UL symbol. Assuming 15 kHz sub-carrier spacing is used for the NR numerology, the NR PUCCH duration will reduce to 1/14th of the LTE PUCCH. Therefore, 92.86% of the total power contained in 13 symbols will be lost for the case of power limited UL transmission. This would result in a significant coverage degradation, which even would be further decreased due to the loss of frequency hopping for a one-symbol PUCCH. As agreed in RAN1#86bis, NR supports a DFT-S-OFDM based waveform complementary to the CP-OFDM waveform, at least for eMBB uplink and for frequency ranges up to 40GHz. Also, it has been agreed in the last meeting that a DFT-s-OFDM waveform is supported for PUCCH in long-duration.. In order to mitigate the performance loss of the PUCCH in short duration and to improve the PA efficiency, a DFT-s-OFDM waveform should be also supported for PUCCH in short duration.  
Proposal 1: For PUCCH in short duration, DFT-s-OFDM waveform should be supported. 
PUCCH Format 1/1a/1b/2/3 in LTE occupies one PRB in the frequency domain. One benefit is that the coherent bandwidth for most channel scenarios is usually in the range of one PRB. Therefore, the sequence orthogonality would be decreased if the PUCCH spans over multiple PRBs. In addition, for the case of power limited uplink transmission, there is no need to occupy too many frequency resources at least for a low payload size of the uplink UCI. Similarly, it is preferable to use one PRB for NR PUCCH in short duration, at least for a low payload size of the uplink UCI. Further, the length-12 Computer Generated Sequences (CGS) which are known from LTE can be reused in NR PUCCH design.
Proposal 2: PUCCH in short duration with one PRB in frequency domain should be considered at least for low payload sizes of the uplink UCI.
Proposal 3: The length-12 Computer Generated Sequences (CGS) in LTE can be reused in NR PUCCH design. 

In LTE, different PUCCH formats, i.e. PUCCH Format 1/1a/1b, Format 3 and Format 4/5 targeted for different UCI payloads are designed. This helps to adapt the used PUCCH format to the requirements of different scenarios. For example, the PUCCH Format 1a/1b is exclusively designed for 1/2-bit ACK/NACK transmission, which is the most frequent UCI transmission scenario. Therefore, PUCCH Format 1a/1b is designed to support a large multiplexing capacity. Correspondingly, PUCCH Format 3 and Format 4/5 are designed for a large UCI payload and the multiplexing capacity is not the top design priority. Similarly for NR PUCCH, at least two independent PUCCH formats should be supported for the UCI payload, one of 1/2-bit and another one for larger sizes.  
Proposal 4: At least two independent PUCCH formats should be supported, one for a UCI payload of 1/2-bit and one for more than 2-bit. 
In the latest RAN1 ad-hoc meeting, a PUCCH in short-duration spanning 2-symbol duration of a slot has been supported. To achieve a more flexible design and to reduce specification efforts, the structure used for the 2-symbol PUCCH can be obtained by repeating the same structure used for the 1-symbol PUCCH.  Of course, different frequency resources can be allocated for the two symbols to achieve frequency diversity gain. 
Proposal 5: The structure used for 2-symbol PUCCH can be obtained by repeating the same structure used for 1-symbol PUCCH.
3 Design structure for PUCCH in short duration
3.1 1/2-bit UCI transmission in short PUCCH Short PUCCH structure 
As an alternative to coherent transmission, the payload can be simply carried by pre-defined sequences, at least for a low payload size of the uplink UCI. The Length-12 CGS which are known from LTE can be reused in NR. As an example shown in Figure 1, 1-bit ACK/NACK can be carried by two pre-defined Length-12 sequences, W1(n) and W2(n). In case of 1-bit ACK, W1(n) is transmitted on the symbol, otherwise W2(n) is transmitted. For 2 bits ACK/NACK transmission, 4 orthogonal sequences could be used and each represents one of the four possible ACK/NACK combinations.  
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Figure 1 - Sequence-based PUCCH in one-symbol  

For sequence-based PUCCH, no channel estimation is needed and non-coherent detection can be used at the receiver side to save processing time.
CM analysis 
In Table 1, we present the CM for our proposed sequence-based structure and a RS-based structure. For the RS-based PUCCH used in Table 1, RS and UCI are interlaced in one symbol and no special processing is used to reduce the CM. The simulation assumption is shown in Table 2 in the Appendix. 
Table 1 CM comparison of two PUCCH alternatives
	Structure
	Sequence-based PUCCH
	RS-based PUCCH with RS and UCI interlacing in one symbol

	CM (dB)
	1.319
	3.49 


As shown in Table 1, the CM of sequence-based structure is about 2dB lower than that of RS-based PUCCH. 

Proposal 6: At least for payload size of 1/2-bit, a sequence-based PUCCH design can be considered for the short PUCCH.  
3.2 More than 2-bit UCI transmission in short PUCCH
For CSI transmission or ACK/NACK transmission in CA and TDD scenarios, NR PUCCH formats supporting more than 2-bit UCI should be considered. In this subsection, we present two alternatives for that.Alt.1 LTE PUCCH based design 
In LTE, PUCCH Format 3 is applied for no more than 22-bit HARQ-ACK/SR transmission. A wider range of payload sizes is supported by PUCCH format 4/5 with a variable number of RBs. Similarly, RM encoder or TBCC with 8 bits CRC used in LTE PUCCH formats can be reused in NR. Since there are only one or two symbols in short PUCCH, the allocated RB resources should be increased to support the large payload.  
Alt.2 NR PDCCH based design 
PDCCH and PUCCH with a large payload may have a similar size, NR PUCCH format supporting more than 2-bit UCI can share the same design structure with the NR PDCCH. This can reduce differences between gNB and UE, and would be beneficial to support forward compatibility. 

However, in case of an UL power limited scenario, the bit energy for both alternatives will be very low for large UCI transmission in short PUCCH. The detailed design should be further studied. 
Proposal 7:  Short PUCCH format supporting more than 2-bit UCI should be further studied considering the low bit energy.  
4 Conclusion

This contribution provides the following observations and proposal:
Proposal 1: For PUCCH in short duration, DFT-s-OFDM waveform should be supported. 
Proposal 2: PUCCH in short duration with one PRB in frequency domain should be considered at least for low payload sizes of the uplink UCI.
Proposal 3: The length-12 Computer Generated Sequences (CGS) in LTE can be reused in NR PUCCH design. 

Proposal 4: At least two independent PUCCH formats should be supported, one for a UCI payload of 1/2-bit and one for more than 2-bit. 

Proposal 5: The structure used for 2-symbol PUCCH can be obtained by repeating the same structure used for 1-symbol PUCCH.
Proposal 6: At least for a low payload size of the uplink UCI, a sequence-based PUCCH design can be considered for the short UL control channel.  
Proposal 7:  Short PUCCH format supporting more than 2-bit UCI should be further studied considering the low bit energy.  
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Appendix
Table 2 Simulation parameters

	Parameters
	Structure 

	
	Sequence-based
	RS-based 

	FFT size
	128
	128

	Subcarrier number
	12
	12

	Sequence type
	30 root CGS
	-

	Iteration number
	-
	100000
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