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1 Introduction

At the RAN1#88 meeting, the following agreements were made regarding design principles for long PUCCH [1]:
· For a given UCI payload, long-PUCCH is designed such that:

· FFS: UE multiplexing capacity should be same/similar to LTE PUCCH

· PAPR/CM should be same/similar to LTE PUCCH except for NR CP-OFDM case (if supported)

· Frequency-diversity gain should be same/similar to LTE PUCCH

· Interference randomization should be enabled

· For more than 2 UCI bits, strive for scalable design with long-PUCCH with respect to the number of UCI bits

· Strive for scalable design with long-PUCCH with respect to the number of symbols

In addition, the following agreements were made on the number of symbols for long PUCCH [1]. 

· For PUCCH in long-duration, it may have variable number of symbols with a minimum of 4 symbols in a given slot

· FFS the set of supported values

Furthermore, the following agreements were made with regard to long PUCCH with one and multiple slot duration [1]:
· For PUCCH in long duration, 

· At least for 1 or 2 UCI bits, the UCI can be repeated within N slots (N>1)

· The N slots may or may not be adjacent in slots where PUCCH in long duration is allowed

· Details are FFS, including repetition scheme including same or different formats, the possible value(s) N, the mechanism to determine the value of N, etc.

· FFS for >2 UCI bits

· FFS the case of within a slot
In this contribution, we present our view on design aspects for long PUCCH.  
2 Long PUCCH in time domain
For NR, long UL-part of a slot can be used for transmission of PUCCH in long duration. Further, for UL data slot, UL data channel and UL control channel can be multiplexed in a FDM fashion to improve the link budget. In this section, we discuss the number of symbols allocated for long PUCCH transmission and signalling mechanisms for long PUCCH time resource. 
Long PUCCH duration

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 [3]. This indicates that for FDD system, long PUCCH 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 resource set size and GP duration. 
Figure 1 illustrates long PUCCH 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 for different slot durations and DL control region sizes. As agreed in RAN1#88 meeting [1], a minimum of 4 symbols is defined for long PUCCH, which is derived based on 7-symbol slot duration with DL control channel and GP spanning 2 and 1 symbol, respectively. 
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Figure 1. Long PUCCH with variable lengths

For NR, it can be envisioned that long PUCCH should be scalable in time domain, i.e., long PUCCH 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 long PUCCH. As a starting point, a set of values for the number of symbols for long PUCCH in a slot can be {4, 7, 11, 14}.  
Proposal 1

· RAN1 to define a limited set for the number of symbols for long PUCCH to reduce specification and implementation effort.
· As a starting point, a set of values for the number of symbols for long PUCCH in a slot can be {4, 7, 11, 14}.
In the design of long PUCCH, it is more desirable to first define a PUCCH channel structure with 4 and 7 symbol duration as a basic building block, which can help to minimize the specification and implementation effort. In case when 11 and 14 symbols are allocated for long PUCCH, it can be further specified from a concatenation of 4 and 7 symbol PUCCH. For instance, for 11 symbol duration, it can be created as a combination of 4 and 7 symbol long PUCCH while for 14 symbol duration, it can be created as a combination of two 7 symbol long PUCCH. 
Proposal 2
· RAN1 to first define a long PUCCH channel structure with 4 and 7 symbol duration as a basic building block. 

· Long PUCCH with 11 and 14 symbol duration can be specified based on a concatenation of 4 and 7 symbol PUCCH. 
Signalling mechanism for long PUCCH time resource
Depending on DL control resource set size and GP duration, the starting symbol for long PUCCH transmission can vary. In this case, certain mechanisms need to be defined to signal the time domain resource for long PUCCH in a slot in order to ensure proper decoding at receiver. As discussed in the RAN1#88 meeting, various options can be considered to determine the time resource for long PUCCH in a slot, including explicit and dynamic indication, explicit semi-static configuration, implicit determination, or a combination thereof.
For NR, time domain resource allocation mechanisms for long PUCCH can be different for various UCI types. With regard to long PUCCH time resource for HARQ-ACK feedback, one straightforward approach is to semi-statically configure it via higher layer signalling. This approach, however, may not fully exploit the scheduling flexibility. Assuming that DL control resource size is configured as 3 symbols and 1 symbol duration for GP, the starting symbol for long PUCCH carrying HARQ-ACK can be configured as symbol #4. However, depending on loading condition, gNB may only utilize one symbol for DL control transmission even if DL control resource size is configured as 3 symbols. In this case, resource waste is expected as long PUCCH starts from symbol #4. 

To address this issue, gNB can dynamically indicate the starting symbol for long PUCCH transmission in the DCI, which can provide maximum scheduling flexibility. Following the above example, the starting symbol for long PUCCH can be indicated as symbol #2, which can also help to improve the link budget for long PUCCH transmission due to the fact the number of symbols is increased from 10 to 12 with 14 symbol slot duration. Note that this option may not be desirable due to potential signalling overhead in the DCI. 
To strive for a proper balance between scheduling flexibility and signalling overhead, a combination of higher layers signalling and dynamic indication in the DCI can be considered to indicate the time resource for long PUCCH carrying HARQ-ACK. For instance, 1 bit indicator can be included in the DCI to indicate whether symbol #0 or configured symbol index is used as the starting symbol for long PUCCH transmission.  
Note that UL control channel can also be used to carry periodic or SPS based CSI report, where resource allocation and deallocation can be configured by higher layer signalling. This resource allocation can include both time and frequency domain resource in case when CSI report is carried by long PUCCH. Hence, for long PUCCH carrying CSI report, starting symbol can be configured by higher layers. 

Proposal 3
· For long PUCCH carrying HARQ-ACK feedback, starting symbol can be indicated by a combination of higher layers signalling and explicit indication in DCI. 

· For long PUCCH carrying CSI report, starting symbol can be configured by higher layers.

3 Long PUCCH in frequency domain

As agreed in the RAN1 NR Adhoc meeting [2], intra-slot frequency hopping is supported for long PUCCH. To enable frequency hopping, long PUCCH 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 long PUCCH between two frequency resources. 
Figure 2 illustrates frequency hopping options for long PUCCH. 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 2. Frequency hopping for long PUCCH
As mentioned above, for long PUCCH with 11 and 14 symbol duration, it can be generated based on a concatenation of 4 and 7 symbol duration. In this case, switching point for frequency hopping can be defined in the middle of one slot, as shown in Figure 3.  
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Figure 3. Switching point for frequency hopping for long PUCCH with 11 and 14 symbols
Proposal 4:

· For intra-slot frequency hopping for long PUCCH:
· Whether to frequency hop or not can be semi-statically configured. 
· For long PUCCH with 11 and 14 symbol duration, switching point for frequency hopping can be defined in the middle of one slot.
4 Long PUCCH design with multiple slot duration
As agreed in the RAN1#87 meeting [4], long PUCCH 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 long PUCCH with 1ms duration. Note that the number of slots allocated for long PUCCH can be semi-statically configured by higher layers.
For long PUCCH spanning multiple slots, in case of dynamic TDD system, first and last symbol for the transmission long PUCCH 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 each slot. In this case, certain mechanisms may need to be defined to signal the long PUCCH position in each slot within aggregated slots for proper decoding at gNB receiver.
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Figure 4. Different sizes for long PUCCH within aggregated slots
Similar to long PUCCH with 1 slot duration, frequency hopping can be applied for the transmission of long PUCCH. In particular, intra-slot or inter-slot frequency hopping may be employed to further improve the link budget for long PUCCH. 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 long PUCCH 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 PUCCH. 
For long PUCCH 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. As agreed in the RAN1#88 meeting [1], at least for 1 or 2 UCI bits, UCI can be repeated within N slots. Hence, the design principle can be further extended to the case when long PUCCH spans multiple slots. For instance, both intra-slot and inter-slot OCC can be applied for the transmission of long PUCCH with multiple slot duration, which can help further increase UL control channel capacity. 
Proposal 5:

· For long PUCCH spanning multiple slots:

· The number of slots allocated for long PUCCH can be semi-statically configured by higher layers.

· 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

· RAN1 to define a limited set for the number of symbols for long PUCCH to reduce specification and implementation effort.
· As a starting point, a set of values for the number of symbols for long PUCCH in a slot can be {4, 7, 11, 14}.
Proposal 2
· RAN1 to first define a long PUCCH channel structure with 4 and 7 symbol duration as a basic building block. 

· Long PUCCH with 11 and 14 symbol duration can be specified based on a concatenation of 4 and 7 symbol PUCCH. 
Proposal 3
· For long PUCCH carrying HARQ-ACK feedback, starting symbol can be indicated by a combination of higher layers signalling and explicit indication in DCI. 

· For long PUCCH carrying CSI report, starting symbol can be configured by higher layers.

Proposal 4:

· For intra-slot frequency hopping for long PUCCH:
· Whether to frequency hop or not can be semi-statically configured. 
· For long PUCCH with 11 and 14 symbol duration, switching point for frequency hopping can be defined in the middle of one slot.
Proposal 5:

· For long PUCCH spanning multiple slots:

· The number of slots allocated for long PUCCH can be semi-statically configured by higher layers.

· 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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