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Introduction
In this document some notes from the offline discussion on uplink control signaling are captured. The content should be seen as notes, not necessarily reflecting common agreement on the different topics.
Discussion
Time-frequency structures
· Support for different UL control structures?
· Uplink control can be located at the last OFDM symbol(s) of a slot?
· Uplink control may span multiple OFDM symbols in a slot?
· How to indicate which one to use? RRC, part of DCI, …?
· Bandwidth for uplink control?
· Different deployment scenarios and usage cases should be taken into account.

· For unlicensed operation, ACK should come quickly after the DL data (not necessarily at the end of a slot)
ACK timing relations 
· Need for multiple ACK timing relations?
· To handle different UE capabilities, i.e. not all UEs capable of same-slot ACK? How to configure this, e.g. RRC?
· To handle coex with e.g. TD-LTE or to reduce UL/DL switching overhead? How to indicate this, e.g. timing part of DCI?
· How many variations of HARQ-ACK timing are necessary?
· What is the feasible minimum/maximum HARQ-ACK timing?
· Max TA of UE-side and front-haul delay within eNB-side should be taken into account.
Multiplexing
· Support for simultaneous transmission (in same OFDM symbols) of uplink control and uplink data on different frequency resources? 
· Do the time/frequency resources used for UCI depend on whether there is an uplink data transmission in the same slot or is it independent (i.e. “UCI on PUSCH” or “simultaneous PUSCH-PUCCH”?
· How to multiplex multiple UEs in the uplink control regions? FDM, CDM, …?
· How to use the last OFDM symbol(s) in a slot if uplink control does not use all frequency resources?
· Multiplexing with SRS?

· When the last OFDM symbol(s) are used for uplink control signaling, and there are resources left, it should be possible to transmit uplink data on the same OFDM symbol

· Simultaneous transmission of uplink control and uplink data on different physical channels from one UE is possible. Uplink control uses the same basic structure for control+data as for control only.
· This does not preclude the possibility for structures for multiplexing UCI with data on the same channel.

· FFS: periodic scheduling request structure may not meet the latency requirements.	
Beamforming aspects
· How to support gNB-side analog/hybrid beamforming? Is there a need to have different UEs transmit UL control at different time instants (different OFDM symbols)?
· How/whether to support UE-side analog/hybrid beamforming and/or transmit diversity?
Unlicensed spectrum
· What needs to be prepared already in the first phase to support operation in unlicensed spectrum?
· Support for a frequency-dispersed uplink control mapping to fulfill regulatory requirements?
Waveform/sequence
· What waveform/sequence should be used for UL control channel(s)?
Other
· Any other high-level aspects you would like to add?
