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Background
In control channel design, physical uplink control signalling should be able to carry at least hybrid-ARQ acknowledgements, CSI reports (possibly including beamforming information), and scheduling requests. A short PUCCH may consist of one or two symbols. A long PUCCH format may span multiple symbols and slots. 
In RAN1 #87, it was agreed that 
· Support FDM of ‘short UCI’ and data, both within a UE and between UEs at least for the case where the PRBs for short UCI and data are non-overlapping
· In order to support TDM of short PUCCH from different UEs in the same slot, a mechanism to tell the UE in which symbol(s) in a slot to transmit the short PUCCH on is supported at least above 6 GHz (exact mechanism FFS)
In this contribution, we discuss the FFS aspects of short PUCCH design.

1-symbol PUCCH
For a 1-symbol PUCCH, the resource should be allocated in RBs. A short PUCCH can occupy one RB or multiple RBs based on the payload size, multiplexing capabilities, etc.
Several options are considered for the UCI transmission.
Option 1: No RS is multiplexed in the OFDM symbol (e.g., sequence-based message)
This option can be used for both DFT-S-OFDM and CP-OFDM. The number of orthogonal sequences limits the UE multiplexing capability and payload sizes. For example, if the same Zadoff-Chu sequence is used as the spreading sequence in a RB, a total of 12 cyclic shifts are possible. If 2 bits can be reported by a short PUCCH, up to 3 UEs can be multiplexed on a single RB. 
Option 2: UCI and RS are multiplexed in FDM manner
For DFT-S-OFDM based waveform, this option will break the low PAPR property. Thus, this is applicable mainly for CP-OFDM based short PUCCH. 
The UCI/RS multiplexing provides better flexibility for resource scheduling, e.g. 
· Different RS patterns may be defined to provide different RS overhead and multiplexing capabilities. 
· Orthogonal sequences can be applied in time domain or frequency domain for UCI multiplexing among different UEs.
Option 3: Symbol splitting 
It is also considered to split a symbol duration into multiple symbols with higher subcarrier spacing (SCS) for a 1-symbol PUCCH. However, this essentially results in a 2-symbol PUCCH design. Furthermore, if the eNB can configure the waveform and/or numerologies of a DL and a UL channel separately, this can be achieved by eNB configuration. Thus, this option should not be treated as a 1-symbol PUCCH.
Based on the analysis, we propose that:
Proposal 1: RS and UCI multiplexing should be used for CP-OFDM based 1-symbol PUCCH. 

2-symbol PUCCH
For a 2-symbol PUCCH, the resource should be allocated in RBs. A short PUCCH can occupy one RB or multiple RBs based on the payload size, multiplexing capabilities, etc. For 2-symbol PUCCH, both CP-OFDM and DFT-S-OFDM may be supported.
In case of DFT-S-OFDM waveform, the RS pattern and UCI information bit can be multiplexed in TDM manner, i.e. one symbol is used to carry DMRS, the other symbol is used for coded UCI information bits. LTE Zadoff–Chu (ZC) sequences and cyclic shifts can be reused for the DMRS pattern. 
As a simple method, the RS should always be transmitted before the UCI carrying symbol. However, if a short PUCCH can start from any symbol, the short PUCCH of different UEs can be misaligned with each other, thus cause interference on the RS. Therefore, the RS position or indication should be further studied.
In case of CP-OFDM waveform, the RS pattern in a symbol can be based on the RS pattern defined for 1-symbol CP-OFDM based PUCCH. Similarly, more studies are needed for the RS and UCI symbol multiplexing. For example, 
· Should the RS of different UEs be separated by different sequences or different RE locations?
· Should the RS be present in one symbol or all symbols?
· How to define and/or indicate the RS pattern and position?
Proposal 2: Both CP-OFDM and DFT-S-OFDM based 2-symbol PUCCH should be supported.
· FFS on the RS pattern and position.
Indication and position of short PUCCH
The short PUCCH should be mainly designed for HARQ-ACK and/or SR transmissions. 
A short PUCCH resource may be semi-statically configured by higher layer to provide a default HARQ-ACK timing for DL transmissions. In this case, the semi-statically configured short PUCCH should after DL/UL transmissions in a slot, e.g. at the last symbol(s) of a slot. 
On the other hand, the gNB may explicitly indicate the HARQ-ACK timing by a DCI. For example, if a UL slot follows a self-contained subframe, the eNB may postpone a PUCCH feedback to the later UL slot. In this case, a short PUCCH may be allocated before a DL/UL data transmission.
Proposal 3: Both semi-static and dynamic short PUCCH resource allocations are supported.

Other considerations of short PUCCH
A. Configurations of a short PUCCH
A short PUCCH should occupy an integer number of RBs in frequency domain. For better utilization of resources, the number of RBs for a short PUCCH may be different for different UEs. Moreover, different RS patterns and orthogonal sequence can be applied for different UE multiplexing capabilities and UCI payload sizes.
Frequency diversity is always desirable to combat frequency selective fading. If frequency diversity is supported, multiple PUCCH resource regions may be configured, and short PUCCH may be transmitted at two PUCCH resource regions by splitting the total number of RBs. 
Proposal 4: For short PUCCH, NR should support flexible configurations on the number of RBs, RS pattern and orthogonal sequences. 
B. Band and application specific considerations
For carriers above 6GHz, beam sweeping should be supported. A UE may not be able to transmit in all symbols. Therefore, multiple symbols may be configured for a UE. The UE may transmit on one symbol for 1-symbol PUCCH or two symbols for a 2-symbol PUCCH within the set of configured symbols. 
Proposal 5: Symbol selection should be supported for short PUCCH transmission at least for carriers above 6 GHz.
C. URLLC specific considerations
Ultra-reliable and low latency communications (URLLC) traffic requires ultra-reliability and low latency. To provide required reliability, HARQ-ACK should be supported for URLLC traffic. And the HARQ-ACK should be reported within a very short time after a DL URLLC transmission. Thus, a short PUCCH format should be used for HARQ-ACK feedback of URLLC traffic. The short PUCCH should be reported immediately after a DL URLLC transmission, e.g. with a one symbol gap period.
Several aspects should be considered for a short PUCCH design for URLLC
· Achieve the same or better reliability than URLLC traffic, e.g. BER of 10^-6. 
· Support only 1 HARQ process and 1 or 2 HARQ-ACK bits.
· More robust design, e.g. more RBs, dense RS pattern and less UE multiplexing capabilities
· Use a higher SCS, thus shorted symbol length than other PUCCH /PUSCH.
Proposal 6: A short PUCCH for URLLC traffic should be configured separately with a different set of parameters.  

Conclusion
In this contribution, we discuss the remaining issues of long control channel design for NR. Based on the discussions, we propose:
Proposal 1: RS and UCI multiplexing should be used for CP-OFDM based 1-symbol PUCCH. 
Proposal 2: Both CP-OFDM and DFT-S-OFDM based 2-symbol PUCCH should be supported.
· FFS on the RS pattern and position.
Proposal 3: Both semi-static and dynamic short PUCCH resource allocations are supported.
Proposal 4: For short PUCCH, NR should support flexible configurations on the number of RBs, RS pattern and orthogonal sequences. 
Proposal 5: Symbol selection should be supported for short PUCCH transmission at least for carriers above 6 GHz.
Proposal 6: A short PUCCH for URLLC traffic should be configured separately with a different set of parameters.  
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