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1 Introduction

At the RAN1 #86bis meeting, the following agreements were made regarding NR UL control channel [1]: 

· 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
In addition, the following agreements were made with respect to NR UL control channel with short duration [1]  
· For UL control channel in short duration.
· 1 symbol duration of a slot is supported.
· FFS: a few symbol duration of a slot is supported.  
· Mechanism enabling frequency-diversity is supported. 
Furthermore, the following agreements were made on minimum resource unit for UL control channel [1]  

· In frequency-domain, a PRB (or multiple PRBs) is the minimum resource unit size for UL control channel.
The following agreements were made with respect to DM-RS for NR PUCCH transmission [1]  

· UE-specific RS is used for PUCCH transmission.
In addition, the following agreements were made with respect to UCI transmission [1]  

· Study at least the following operations to be supported in NR, from a single UE perspective

· Case 1: UL data and UCI are FDMed where the resource for UCI is not a part of the resource allocated for UL data 

· Case 2: UL data and UCI are TDMed where the resource for UCI is not a part of the resource allocated for UL data 

· Case 3: UL data and UCI are multiplexed where the resource for UCI is a part of the resource allocated for UL data

· FFS: how different types of UCI are handled

· Further study on other possibilities is not precluded

In this contribution, we present our view on uplink control channel design with long duration for NR.  
2 UL control channel with long duration in time and frequency domain
As agreed in the RAN1#86bis meeting [1], multiple symbols can be allocated for UL control channel with long duration. Further, as illustrated in Figure 1, for UL data slot, UL data channel and UL control channel can be multiplexed in a FDM fashion to improve the link budget. 
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Figure 1. FDM based multiplexing of UL data channel and control channel with long duration

In this section, we discuss UL control channel resource with long duration in time and frequency domain. 
UL control channel with long duration in time domain

At the RAN1#86bis meeting, it was agreed that for subcarrier spacing of up to 60 kHz with normal CP, one slot has 7 and 14 symbols [1]. If both slot durations are supported in NR, this indicates that for FDD system, UL control channel may span one full slot with 7 or 14 symbols; while for TDD system, in UL data slot where both DL and UL control channel can exist, UL control region size may vary depending on slot duration, DL control region size and GP duration. Figure 2 illustrates UL control channel with long duration with variable lengths for slot duration of 7 and 14 symbols, respectively. In the figure, it can be observed that the number of symbols allocated for UL control channel can vary substantially for different slot durations and DL control region sizes. 
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Figure 2. UL control channel in long duration with variable lengths
In addition, it was agreed in the RAN1 #86 meeting [2] that “NR uplink should target at least the same link budget (i.e. MCL) as LTE uplink, under the same usage scenarios and similar deployment configurations (e.g., same carrier frequency)”. In order to achieve same link budget as LTE, UL control channel for NR may span more than one slot, especially for system operating a larger subcarrier spacing than 15kHz. 
Based on the analysis above, it can be envisioned that UL control channel design with long duration should be scalable in time domain, i.e., UL control channel may span either shorter than one slot, one slot or multiple slots. To minimize the specification and implementation effort, it is desirable to define a limited set of number of symbols for UL control channel with long duration. The exact length for UL control channel with long duration should at least support slot duration of 7 and 14 symbols, while other values can be further studied with considerations of deployment scenario and duplex mode. 
Proposal 1
· NR UL control channel with long duration should be scalable in time domain. 

· RAN1 to define a limited set for the number of symbols for UL control channel with long duration to reduce specification and implementation effort.


UL control channel with long duration in frequency domain

As described in our companion contribution [3], resource allocation mechanism for UL control channel can be different for various UCI types. For HARQ-ACK feedback, explicit signalling of resource index on UL control channel with short or long duration should be supported to allow frequency dependent scheduling for improved system level performance. Further, resource allocation for periodic CSI report on UL control channel can be configured by higher layer signalling. 

In general, UL control channel with long duration may occupy one or multiple PRBs in the frequency domain depending on specific UL control channel format or UCI payload size. Further, sub-slot frequency hopping can be employed to exploit the benefit of frequency diversity. To enable frequency hopping, UL control channel with long duration can be transmitted at or near edge of system bandwidth or UE specific transmission bandwidth, following a mirrored pattern within one slot. Alternatively, UE may perform frequency hopping for UL control channel with long duration between two frequency resources. 
Figure 3 illustrates frequency hopping options for UL control channel with long duration. It should be noted that whether to enable or disable frequency hopping can be semi-statically configured by higher layers or dynamically indicated in the DCI. For NR, enabling frequency hopping in a semi-static manner can be considered as a starting point and further investigation is needed on whether to employ dynamic indication to enable/disable frequency hopping.
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Figure 3. Frequency hopping for UL control channel with long duration
As mentioned above, UL control channel with long duration may span less than one slot, one slot or multiple slots depending on deployment scenarios and duplex mode. Given that multiple lengths may be defined in RAN1, switching point for frequency hopping may depend on exact duration of UL control channel with long duration. For instance, for slot duration of 14 symbols, switching point can be defined in the middle of one slot similar to LTE.  

Proposal 2:

· Sub-slot frequency hopping is supported for UL control channel with long duration.

· Whether to frequency hop or not can be semi-statically configured. FFS dynamic indication.

· Switching point depends on exact duration for UL control channel.

3 UL control channel design with long duration

When UL control channel with long duration carries small payload sizes, e.g., 1 or 2 bit HARQ ACK/NACK feedback or SR, multiple UEs can be multiplexed in a CDM and/or FDM manner. To maximize capacity for UL control channel, different cyclic shifts in the frequency domain and OCC in the time domain can be applied to multiplex UL control channel with long duration for multiple UEs. Note that as UL control channel duration can vary and have different number of symbols, OCC with variable lengths should be defined. 
Proposal 3:

· For UL control channel with on/off signaling or 1~ 2 bit payload, multiple UEs can be multiplexed in a CDM and/or FDM manner.

· Cyclic shift in frequency and OCC in time can be defined to multiplex UL control channel with long duration for multiple UEs. 

Given that UL control channel with long duration is mainly targeted for UEs in a coverage limited condition, it may be more desirable to employ DFT-s-OFDM based waveform or sequence with low PAPR to improve the link budget. In this regard, DM-RS can be multiplexed with UL control channel with long duration in a TDM manner. Exact position and the number of DM-RS within one slot can be further investigated with considerations of UL control channel duration and formats. To reduce the specification and implementation effort, it may be more beneficial to place DM-RS in a fixed position. Further, DM-RS for LTE PUCCH can be considered as a starting point for NR UL control channel. 
Proposal 4:

· DM-RS can be multiplexed with UL control channel with long duration in a TDM manner.

· DM-RS for LTE PUCCH can be considered for UL control channel for NR as a starting point.
4 Conclusions

In this contribution, we shared our view on uplink control channel design with long duration for NR. Based on the discussion presented, we summarize our views through the following proposals:
Proposal 1
· NR UL control channel with long duration should be scalable in time domain. 

· RAN1 to define a limited set for the number of symbols for UL control channel with long duration to reduce specification and implementation effort.

Proposal 2:

· Sub-slot frequency hopping is supported for UL control channel with long duration.

· Whether to frequency hop or not can be semi-statically configured. FFS dynamic indication.

· Switching point depends on exact duration for UL control channel.

Proposal 3:

· For UL control channel with on/off signaling or 1~ 2 bit payload, multiple UEs can be multiplexed in a CDM and/or FDM manner.

· Cyclic shift in frequency and OCC in time can be defined to multiplex UL control channel with long duration for multiple UEs. 

Proposal 4:

· DM-RS can be multiplexed with UL control channel with long duration in a TDM manner.

· DM-RS for LTE PUCCH can be considered for UL control channel for NR as a starting point.
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