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1 Introduction
Initial details for the NR UL control channel framework have been discussed at the past two RAN1 meetings. At RAN1 #86, it was agreed that from a UE perspective, HARQ ACK/NACK feedback for multiple DL transmissions in time can be transmitted in one UL data/control region is supported. Subsequently, the following agreements were reached at RAN1 #86bis [1]:
Agreements:
· At least two ways of transmissions are supported for NR UL control channel

· UL control channel can be transmitted in short duration

· around the last transmitted UL symbol(s) of a slot
· FFS: How to define and treat the potential gap at the end of the slot
· FFS: in the other positions, e.g., the first UL symbol(s) of a slot

· TDMed and/or FDMed with UL data channel within a slot

· UL control channel can be transmitted in long duration

· over multiple UL symbols to improve coverage

· FDMed with UL data channel within a slot

· FFS how to multiplex with SRS

· The frequency resource and hopping, if hopping is used, may not spread over the carrier bandwidth

· Timing relationship between DL data reception and corresponding acknowledgement can be (one or more of, FFS which ones)

· dynamically indicated by L1 signaling (e.g., DCI)

· semi-statically indicated to a UE via higher layer

· a combination of indication by higher layers and dynamic L1 signaling (e.g., DCI)

· FFS: minimum interval between DL data reception and corresponding acknowledgement

· FFS: common channels (e.g. random access)

· For slot-based scheduling, NR specification should support the following

· DL data reception in slot N and corresponding acknowledgment in slot N+K1

· All UEs should support K1≥1 with exact values for K1 FFS

· Some UEs may support K1=0 (FFS conditions)

· At least asynchronous and adaptive HARQ is supported for eMBB.

· NR supports at least UL transmission of at least single HARQ-ACK bit.

· Consider whether/how to support more than one HARQ-ACK bits per TB.

· Consider whether/how to support single HARQ-ACK bit per multiple TBs, e.g., HARQ-ACK bundling.

· NR Support DFT-S-OFDM based waveform complementary to CP-OFDM waveform, at least for eMBB uplink for up to 40GHz

· FFS additional low PAPR techniques 

· CP-OFDM waveform can be used for a single-stream and multi-stream (i.e. MIMO) transmissions, while DFT-S-OFDM based waveform is limited to a single stream transmissions (targeting for link budget limited cases)

· Network can decide and communicate to the UE which one of CP-OFDM and DFT-S-OFDM based waveforms to use

· Note: both CP-OFDM and DFT-S-OFDM based waveforms are mandatory for UEs

· RAN1 should target for a common framework in designing CP-OFDM and DFT-S-OFDM based waveforms (without compromising CP-OFDM performance/complexity), e.g., control channels, RS, etc.

· Discuss further offline for possible refined evaluation assumptions/methodology for waveform evaluations

In this paper, we discuss the NR UL control channel design.  
2 Discussion
The data transmission time interval in NR system could be variable for both DL and UL transmission. The UL control channel is needed in the NR system for HARQ-ACK feedback and for reporting CSI measurements. The HARQ-ACK feedback time of each HARQ process can be dynamically indicated. HARQ-ACK feedback corresponding to multiple DL transmissions in time can be aggregated and transmitted in one UL control channel. In addition, multiple CSI reports may need to be transmitted in a given time instance – indeed, it is envisaged that more CSI reports may be needed in NR to support multi-beam operation. Thus, the NR UL control channel should support both short and long PUCCH formats given the variable UCI payload size. 
PUCCH formats 4 and 5 in LTE were designed to support variable payload size. A similar design framework may be adopted for both short and long NR UL control channel formats targeting high capacity and flexible resource allocation. The UL control channel should be capable of multiplexing UCI from different users. To support UCI multiplexing from multiple UEs, frequency domain OCC can be used for user separation. The OCC length should be designed with a nested structure in order to dynamically tradeoff spreading gain with multiplexing capacity.
Proposal 1: The NR UL control channel for short and long formats may follows the same design principles governing as LTE PUCCH formats 4/5 structure targeting high capacity and flexible resource allocation.  
Proposal 2: To support UCI multiplexing from multiple UEs on the same resource, frequency domain OCC can be used for user separation.

Proposal 3: Both short and long formats need to be designed with flexible capacity for carrying HARQ-ACK, CSI feedback, or both.
The radio resource in frequency domain of NR UL control channel can be indicated with two alternatives as follows:
· Alt 1: Different numbers of PRBs are semi-statically configured per-UE by higher layer signaling.
· Alt 2: A set of PRBs with different sizes can be semi-statically configured per-UE by higher layer signaling.  One of configured PRB size is used based on the desired capacity and indicated by the DCI in the DL control channel.
Alt 1 is used for more static payload sizes, such as CSI feedback. Alt 2 is used when the payload size varies in time. The capacity of UL control channel could be dynamically adjusted to support different payload sizes.
Proposal 4: The frequency domain resource of the NR UL control channel is indicated by the DL DCI associated with the NR UL control channel.   
Proposal 5: The frequency domain resource of the NR UL control channel for CSI feedback can be configured by higher layer.
The radio resource for NR UL control channel in time domain should be available in the UL transmission part of every mini-slot to support fast HARQ-ACK feedback in a self-contained structure. If the time-frequency resources for the NR UL control channel are allocated in the pre-configured mini-slot, it might lead to potential resource fragmentation for UL data transmission at UL transmission part of the slot. Alternatively, the NR network could define only a subset of mini-slots of UL transmission part in each slot to be used for NR UL control channel. 
The time domain resource of NR UL control channel in both short and long formats carrying HARQ-ACK can be dynamically indicated in DL DCI associated with the NR UL control channel with the following methods,
· Method 1: DL DCI indicates both the length and the starting position of time domain resource for NR UL control channel. This method has high flexibility to allocate resource of NR UL control channel but requires more DL signaling overhead.
· Method 2: DL DCI indicates the starting position of time domain resource for NR UL control channel. The length of time domain resource for NR UL control channel is predefined or pre-configured by higher layer signaling for each slot.
Proposal 6: The time domain resource of NR UL control channel in both short and long formats for HARQ-ACK can be indicated by DL DCI associated with the NR UL control channel with the following methods:
· Method 1: DL DCI indicates both the length and the starting position of time domain resource for NR UL control channel.
· Method 2: DL DCI indicates the starting position of time domain resource for NR UL control channel. The length of time domain resource for NR UL control channel is predefined or pre-configured by higher layer signaling for each slot.
For self-contained structure, the HARQ-ACK of DL data transmission in the DL transmission part is expected to be fed back at the UL transmission part in the same slot. The configuration of slot is UE-specific. The DL/GP/UL configurations for each UE could be different with respect to the subframe boundary as shown in Figure 1. The NR UL control channel for a UE could be allocated its own UL transmission part in each slot with variable time-frequency resources indicated by the corresponding DL DCI as discussed above. 
Proposal 7:  The starting symbol of a slot related to the subframe boundary is UE-specifically configured.   NR UL control channel resource is configured per UE at UL of each slot for self-contained structure.
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Figure 1 HARQ-ACK feedback timing for self-contained structure
Since CP-OFDM based waveform and DFT-S-OFDM based waveform are both supported for UL, a common RS framework for both OFDM and DFT-S-OFDM based waveform should be designed, so as to simplify the specification and receiver implementation, and enable MU-MIMO (in terms of multiplexing an OFDM UE and a DFT-S-OFDM UE in the same PRBs). For simplicity, the RS framework for NR UL control channel in both short and long formats should be common as well. Generally, the following RS mapping schemescan be considered for NR UL control channel:

· Scheme 1: UL data and DMRS can be transmitted in a TDM manner similarly to the LTE PUSCH and PUCCH.

· Can maintain the low PAPR performance for NR UL control channel with DFT-S-OFDM based waveform

· Cannot support NR UL control channel with 1 symbol duration
· Scheme 2: UL data and DMRS can be transmitted in a FDM manner similarly to the LTE CRS and DL DMRS.

· Can support for NR UL control channel with any symbol duration
· Cannot maintain the low PAPR performance for NR UL control channel with DFT-S-OFDM based waveform
Since Scheme 2 can support NR UL control channel with any symbol duration so as to achieve a unified RS framework for NR UL control channel with short and long durations, FDM based RS framework could be supported as a default RS framework. When multi-symbol is used for NR UL control channel, FDM based RS framework could be further considered as an enhancement especially for NR UL control channel with DFT-S-OFDM based waveform so as to achieve low PAPR performance.
Proposal 8: FDM based RS framework would be default with additional enhancement of TDM based RS framework when multi-symbol PUCCH is used.
3 Conclusions
Based on the above discussion, we have the following proposals:
Proposal 1: The NR UL control channel for short and long formats may follows the same design principles governing as LTE PUCCH formats 4/5 structure targeting high capacity and flexible resource allocation.  
Proposal 2: To support UCI multiplexing from multiple UEs on the same resource, frequency domain OCC can be used for user separation.

Proposal 3: Both short and long formats need to be designed with flexible capacity for carrying HARQ-ACK, CSI feedback, or both.

Proposal 4: The frequency domain resource of the NR UL control channel is indicated by the DL DCI associated with the NR UL control channel.   
Proposal 5: The frequency domain resource of the NR UL control channel for CSI feedback can be configured by higher layer.
Proposal 6: The time domain resource of NR UL control channel in both short and long formats for HARQ-ACK can be indicated by DL DCI associated with the NR UL control channel with the following methods:
· Method 1: DL DCI indicates both the length and the starting position of time domain resource for NR UL control channel.
· Method 2: DL DCI indicates the starting position of time domain resource for NR UL control channel. The length of time domain resource for NR UL control channel is predefined or pre-configured by higher layer signaling for each slot.
Proposal 7:  The starting symbol of a slot related to the subframe boundary is UE-specifically configured.   NR UL control channel resource is configured per UE at UL of each slot for self-contained structure.
Proposal 8: FDM based RS framework would be default with additional enhancement of TDM based RS framework when multi-symbol PUCCH is used.
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