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1 Introduction

In RAN1#86bis, the following agreements were made in [1].
· 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)

· 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

· NR should support at least the following.
· In frequency-domain, a PRB (or a multiple of PRBs) is the resource unit size (may or may not including DM-RS) for control channel

· This is at least for the case where the DL control region consists of one or a few OFDM symbol(s) of a slot or a mini-slot

In this contribution, we discuss the UL control mapping and channel design.  
2 UL control mapping
As discussed in [1], there may be multiple methods to indicate the timing relationship, e.g. dynamical indication by DCI, semi-statical indication, or combination of these two. We introduce the following 4 options for UL control mapping.
Option 1: Semi-static indication
In Option 1, the timing relationship between DL data and corresponding ACK/NACK can be bundled with each type of service or determined by UE processing capability, DL data size and other factors like HARQ roundtrip time. Due to different implementation, different types of UE can have different processing capability, and each UE should acknowledge gNB its processing capability, so that gNB is able to choose the minimum timing for the UE to feedback. On the other hand, semi-static indication may cause less flexibility. Besides, such UL control may incur capacity issue, since several UL control demand may aggregate on the same subframe, as shown in Fig. 1.
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Fig. 1. Aggregated UL control demand at one subframe

Option 2: Dynamic indication
In Option 2, the timing of ACK/NACK is dynamically indicated to each UE. By doing so, the capacity issue shown in Fig.1 could be avoided by dynamically mapping some UEs. However, such indication introduces several bits of overhead in DCI.
Option 3: A combination of indication
In Option 3, a set of HARQ timing candidates can be configured by higher layer signaling (e.g. RRC signaling) or predefined according to services, UE capability, numerologies, control subbands, and/or TDD operations etc. The HARQ timing relationship of a UE is decided by the candidate set and the specific value of HARQ timing is indicated by DCI [2]. Compared to Option 2, Option 3 may save some indication overhead in DCI.
Proposal 1: A combination of indication for HARQ timing should be supported;
· A candidate set for HARQ timing can be configured by higher layer signaling or predefined;
· DCI should be used for HARQ timing indication.
3 UL control channel
3.1 Control channel resource 

For HARQ ACK/NACK, there are several options to indicate the resource index, including implicit indication, explicit indication or combined. 
Option 1: implicit indication

In implicit indication, UE can derive the resource index for HARQ ACK/ACK based on parameters associated with control channel or scheduled downlink data transmission similar as in LTE. The parameters may include frequency/time/code division index of the control channel or the data transmission. In addition, port number could also be considered. The implicit indication may lack flexibility.
Option 2: explicit indication
In explicit indication, eNB sends indication to indicate the HARQ ACK/NACK feedback. Such indication may contain frequency/code division parameters of the HARQ ACK/NACK. Such indication can be conveyed by RRC signalling or DCI.
Option 3: combined indication

In combined indication, the resource may be categorized into several groups, and the resource index can be determined by providing the group index and offset within the group. For example, the group index could be the PRB index within the system, and the offset could be the code division index. For such cases, the group index can be derived from parameters associated with channel or data transmission, and the offset can be indicated by explicit indication via RRC signalling or DCI. By doing so, combined indication may save the indication overhead of explicit indication.
Proposal 2: Details of indication for HARQ resource need further study.
3.2 Control channel duration 
If UE transmits UL control in different symbols, the transmission coverage is different. For example, if UE use 1 or 2 symbols to transmit UL control channel, the transmission coverage is smaller than UE using 7 or 14 symbols to transmit UL control channel. Therefore, it’s necessary to discuss UL control transmitted in different symbols.
In LTE, the duration of UL control last for 14 symbols. According to the agreements of RAN1#86bis[1], NR will support both short duration (e.g., 1 or 2 UL symbols) and long duration (e.g., multiple UL symbols). To meet different coverage requirements, multiple UL symbols may be needed as shown in Fig.2. In Fig.2, 1-symbol or 2-symbol UL control could be used for coverage level 1, and 7-symbol or 14-symbol UL control can suit for other coverage.
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Fig. 2. Symbols of UL control and coverage

To support UL control transmission in the multiple UL symbols, there are two options in the following. 

Option1: UL control channel can be transmitted in short duration.
As shown in Fig. 3, UE can transmit UL control during a short duration. For example, UE can transmit the last 1 or 2 symbols in a downlink domain slot, so that UE can achieve fast ACK/NACK feedback for the downlink transmission in one slot [3].
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Fig. 3. UL control channel in short duration
Option2: UL control channel can be transmitted in long duration.
Due to the coverage limitation, UE needs to transmit the UL control channel in long duration. UE can transmit the UL control channel FDMed with UL data channel within a UL slot (e.g., UL domain slot or UL only slot), as shown in Fig. 4. For example, the time domain of UL control part can occupy several symbols (e.g., 7 or 14 symbols) during one slot and the frequency domain of UL control part can occupy several PRBs in the system band (e.g., in the edge of system band). Other part may transmit UL data (e.g., PUSCH). If UL symbols in one slot can’t satisfy the transmission coverage, UE can combine 2 or 3 UL slots to transmit UL control channel, as displayed in “UL control 1” of both slots in Fig. 4.
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Fig. 4. UL control channel in long duration
Proposal 3: For short duration, the duration of the uplink control channel are 1, 2 symbols; for long duration, the duration of the uplink control channel are 7, or 14 symbols.
4 Conclusions
In this contribution, signalling design for UL control resource is discussed. Based on the discussion, we have the following proposals:
Proposal 1: A combination of indication for HARQ timing should be supported;
· Multiple candidate sets for HARQ timing can be configured by higher layer signaling or predefined;
· DCI should be used for HARQ timing indication.
Proposal 2: Details of indication for HARQ resource should be further studied;
Proposal 3: For short duration, the duration of the uplink control channel are 1, 2 symbols; for long duration, the duration of the uplink control channel are 7, or 14 symbols.
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