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1 Introduction
In RAN1#86, the following agreements were made [1]:
Agreements:
· The following is supported for NR 

· From UE perspective, HARQ ACK/NACK feedback for multiple DL transmissions in time can be transmitted in one UL data/control region is supported
· Some or all of the following timing relationships can be indicated to a UE dynamically by the L1 DL signaling (FFS: explicit or implicit)

· Timing relationship between DL data reception and corresponding acknowledgement

· Timing relationship between UL assignment and corresponding UL data transmission

· Note: Default value, if any, for each timing relationship is FFS (agreement from RAN1 #85)

· Note: Potential values for each timing relationship has to be studied further considering e.g., UE processing capability, gap overhead, UL coverage, and etc. (agreement from RAN1 #85)
· Note: Other means of indicating the timing relationship are not precluded
· Some or all of the following timing relationships can be indicated to a UE semi-statically (FFS: explicit or implicit)
· Timing relationship between DL data reception and corresponding acknowledgement

· Timing relationship between UL assignment and corresponding UL data transmission

· Note: Default value, if any, for each timing relationship is FFS (agreement from RAN1 #85)

· Note: Potential values for each timing relationship has to be studied further considering e.g., UE processing capability, gap overhead, UL coverage, and etc. (agreement from RAN1 #85)
· Note: Other means of indicating the timing relationship are not precluded
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 the transport of HARQ-ACK and the CSI feedbacks. The processing time and HARQ roundtrip time were agreed to be dynamic in NR. The HARQ-ACK feedback time of each HARQ process is dynamically indicated. The HARQ-ACK feedbacks of multiple DL transmissions in time can be aggregated and transmitted in one UL control channel. Thus, the UL control channel in the NR system should be designed with the flexibility of supporting variable payload size. The UL control channel would also carry the CSI feedbacks. Thus, the UL control channel in NR needs to be designed with flexible capacity of carrying HARQ-ACK, CSI feedbacks, or both.
PUCCH format 4/5 in LTE was designed to support variable payload size. The UL control channel in the NR system should be designed similar to LTE PUCCH format 4/5 structure with 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, the frequency domain OCC can be used as the code sequence for user separation. The OCC length should be designed with nested structure in order to dynamic adjust the spreading gain with different multiplexing capacity.
Proposal 1: The UL control channel in the NR system should be designed similar to LTE PUCCH format 4/5 structure with high capacity and flexible resource allocation.  
Proposal 2: To support UCI multiplexing from multiple UEs, the frequency domain OCC can be used as the code sequence for user separation.
Proposal 3: The UL control channel in NR needs to be designed with flexible capacity of carrying HARQ-ACK, CSI feedbacks, or both.
The coding rate of UL control channel could be designed with a predefined set of coding rates with UE-specifically configuration by higher layer signaling. The radio resource 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 in the DL control channel.
Alt 1 is used for more static payload size, such as CSI feedbacks. Alt 2 is used when the payload size varies in time. The UL control channel capacity could be dynamically adjusted to support different payload sizes. Proposal 4: The radio resource for the UL control channel is indicated by the DCI in the downlink control channel.   
Proposal 5: The radio resource of UL control channel for CSI feedback can be configured by higher layer.
The radio resource for UL control channel in time domain should be available in every mini-slot of the UL transmission part within the slot to support fast HARQ-ACK feedback in the self-contained structure. If the radio resource for UL control channel is 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 carrying  HARQ-ACK can be dynamically indicated in DL grant associated with the NR PUCCH with the following methods,
· Method 1: DL grant 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 grant 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 PUCCH for HARQ-ACK can be indicated by DL grant associated with the NR UL control channel with the following methods:
· Method 1: DL grant indicates both the length and the starting position of time domain resource for NR UL control channel.
· Method 2: DL grant 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 UL control channel for a UE could be allocated at its own UL transmission part in 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.
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Figure 1 HARQ-ACK feedback timing for self-contained structure
3 Conclusions
Based on the above discussion, we have the following proposals:
Proposal 1: The UL control channel in the NR system should be designed similar to LTE PUCCH format 4/5 structure with high capacity and flexible resource allocation.  
Proposal 2: To support UCI multiplexing from multiple UEs, the frequency domain OCC can be used as the code sequence for user separation. 
Proposal 3: The UL control channel in NR needs to be designed with flexible capacity of carrying HARQ-ACK, CSI feedbacks, or both.
Proposal 4: The radio resource for the UL control channel is indicated by the DCI in the downlink control channel.   
Proposal 5: The radio resource of UL control channel for CSI feedback can be configured by higher layer. 
Proposal 6: The time domain resource of NR PUCCH for HARQ-ACK can be indicated by DL grant associated with the NR UL control channel with the following methods: 
· Method 1: DL grant indicates both the length and the starting position of time domain resource for NR UL control channel.
· Method 2: DL grant 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.
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