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1 Introduction

At the RAN1 #87 meeting, the following agreements were made regarding NR UL control channel [1]: 

· Physical uplink  control signaling should be able to carry at least hybrid-ARQ acknowledgements, CSI reports (possibly including beamforming information), and scheduling requests

· Support ‘UCI on PUSCH’, i.e. using some of the scheduled resources for UCI in case of simultaneous UCI and data

· Support ‘simultaneous PUSCH and PUCCH at least for the long PUCCH format’, i.e. transmit uplink control on PUCCH resources even in presence of data

· At least a low PAPR/CM design should be supported for the ‘long PUCCH’

· A combination of semi-static configuration and (at least for some types of UCI information) dynamic signaling is used to determine the PUCCH resource both for the ‘long and short PUCCH formats’

· It should be possible to dynamically indicate (at least in combination with RRC) the timing between data reception and hybrid-ARQ acknowledgement transmission as part of the DCI.

In addition, the following agreements were made with respect to NR UL control channel with short duration [1]  
· Support FDM of ‘short UCI’ and data, both within a UE and between UEs at least for the case where the PRBs for short UCI and data are non-overlapping

· FFS: PUSCH in the short UL duration can be scheduled independently

· In order to support TDM of short PUCCH from different UEs in the same slot, a mechanism to tell the UE in which symbol(s) in a slot to transmit the short PUCCH on is supported at least above 6 GHz (exact mechanism FFS)

Furthermore, the following agreements were made on NR UL control channel with long duration [1].  

· A UCI carried by long duration UL control channel at least with low PAPR design can be transmitted in one slot or multiple slots

· Transmission across multiple slots should allow a total duration of [1] ms at least for some cases

· FFS: more than [1] ms at least for some cases

· FFS the numbers of the slots
· For UL control channel with long duration, TDM between RS and UCI is supported at least for DFT-S-OFDM

· FFS on location of RS symbol(s) (e.g., front-loaded RS, fixed-location RS)

In this contribution, we present our view on uplink control channel design with long duration for NR.  
2 Long UL control channel in time and frequency domain
For NR, 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. 

Long UL control channel in time domain

In case when slot duration of 14 symbols is defined in NR, this indicates that for FDD system, UL control channel may span one full slot of 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 14 symbols. 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

As agreed in the RAN1#87 meeting [1], transmission of UL control channel across multiple slots should allow a total duration of 1ms at least for some cases. The main motivation is to achieve same link budget as LTE for UL control channel. For system operating a larger subcarrier spacing than 15kHz, UL control channel may span multiple slots for a total duration of 1ms. 
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 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.

Long UL control channel in frequency domain

As described in our companion contribution [2], 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 Long UL control channel design 

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. As agreed in the RAN1#87 meeting [1], for UL control channel with long duration, TDM between DM-RS and UCI symbols is supported at least for DFT-s-OFDM based waveform. Note that DM-RS for LTE PUCCH can be considered as a starting point for NR UL control channel.

Further, exact position and the number of DM-RS symbols within one slot can be further investigated with considerations of UL control channel duration and formats. In one option, DM-RS can be placed in a fixed position for one particular UL control channel format regardless of UL control channel durations. This option can minimize the specification impact and simplify channel estimation and demodulation implementation at gNB receiver. Alternatively, DM-RS can be placed in the first symbol, which can help achieve early decoding of UL control channel. However, as the DL region size and GP duration may vary for different deployment scenarios and loading conditions, the DM-RS position is not fixed for this option, which may not be desirable in term of implementation complexity. 
Based on the discussion above, from the perspective of implementation complexity and specification impact, it is more preferable to place the DM-RS for UL control channel with long duration in a fixed position. The exact DM-RS position is FFS.  
Proposal 4:

· From the perspective of implementation complexity and specification impact, it is more preferable to place the DM-RS for UL control channel with long duration in a fixed position. 

· FFS: the exact DM-RS position

4 UL control channel design with multiple slot duration
As agreed in the RAN1#87 meeting [1], UL control channel with long duration may span multiple slots for a total duration of 1ms, especially for system operating a larger subcarrier spacing than 15kHz. For instance, when 60kHz subcarrier spacing is employed, 4 consecutive slots may be allocated for the transmission of UL control channel with 1ms duration. Note that the number of slots allocated for UL control channel with long duration can be semi-statically configured by higher layers.
For UL control channel spanning multiple slots, in case of dynamic TDD system, first and last symbol for the transmission of UL control channel can be different for different slots within aggregated slots. As illustrated in Figure 4, this may depend on DL control region sizes, GP duration or whether SRS is present in the same slot. In this case, certain mechanisms may need to be defined to signal the UL control channel position in each slot within aggregated slots for proper decoding at gNB receiver. 
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Figure 4. Different sizes for UL control channel within aggregated slots
Similar to UL control channel with 1 slot duration, frequency hopping can be applied for the transmission of UL control channel with long duration. In particular, intra-slot or inter-slot frequency hopping may be employed to further improve the link budget for UL control channel. Note that frequency hopping pattern needs to be carefully investigated with considerations of cross-slot channel estimation performance and frequency diversity gain. In one option, UE may transmit the UL control channel in one frequency resource in K consecutive slots before switching to another frequency resource, where K is defined as half of the number of slots allocated for long UL control channel. 
As mentioned above, for UL control channel carrying relatively small UCI payload, multiple UEs can be multiplexed in a CDM manner in a same physical resource, including cyclic shift in frequency domain and OCC in time domain. The design principle can be further extended to the case when UL control channel spans multiple slots. For instance, both intra-slot and inter-slot OCC can be applied for the transmission of UL control channel with multiple slot duration, which can help further increase UL control channel capacity. 
Proposal 5:

· For UL control channel spanning multiple slots:

· The number of slots allocated for UL control channel can be semi-statically configured by higher layers.

· Intra-slot and/or inter-slot frequency hopping can be employed to exploit the benefit of frequency diversity.
· Intra-slot and/or inter-slot OCC can be applied for robustness and larger capacity.
5 Conclusions

In this contribution, we shared our view on uplink control channel design with long duration for NR. Based on the discussion, 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:

· From the perspective of implementation complexity and specification impact, it is more preferable to place the DM-RS for UL control channel with long duration in a fixed position. 

· FFS: the exact DM-RS position

Proposal 5:

· For UL control channel spanning multiple slots:

· The number of slots allocated for UL control channel can be semi-statically configured by higher layers.

· Intra-slot and/or inter-slot frequency hopping can be employed to exploit the benefit of frequency diversity.

· Intra-slot and/or inter-slot OCC can be applied for robustness and larger capacity.
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