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Introduction
In RAN1#87 the following was agreed [1] 
Agreements:
· 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 long PUCCH over multiple slots, the duration(s) of long PUCCH in each slot can be down-selected from following alternatives:
· Alt1: The duration of long PUCCH in each slot is the same
· Alt2: The duration(s) of long PUCCH in each slot could be different

In this document we provide our view on long PUCCH transmission over multiple slots. 
Discussion
In LTE, HARQ-ACK repetition was introduced for UL to improve coverage. For NR, especially with sub-carrier spacing (SCS) higher than 15kHz long PUCCH duration will be smaller than that of LTE due to which HARQ-ACK transmission on the UL can become a coverage liming factor. Also, even for the 15kHz SCS case, supporting long PUCCH repetition will enable NR to operate with the same link budget (i.e. MCL) as LTE uplink, under the same usage scenarios and similar deployment configurations, and should be supported.
The most natural way to enable or disable long PUCCH repetition is over RRC.
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Because of the importance of ACK/NACK reporting, resources should be focused on conveying HARQ-ACK and SR. CSI reports are not as critical and a few missed CSI opportunities for a UE in bad coverage is not a big problem.
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When a UE is in bad coverage all resources, as far as possible, should be used to convey the long PUCCH so that the number of repetitions can be kept to a minimum to minimize latency and control signaling overhead. Further, if there are unused parts of the affected slots they will most likely not be enough to convey any additional information in the current coverage situation.
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Once the long PUCCH repetition transmission has started it should not be interrupted or modified. If for example signaling could interrupt the repetitions or cancel specific slots this would increase the complexity of scheduling and introduce the problem of falsely detecting such interrupt requests. Also, if new downlink data, which needs to be ACKed, is received during the repetition of a previously started long PUCCH transmission these new HARQ-ACKs should not be jointly coded in the already ongoing transmission. If that was allowed it would complicate scheduling and HARQ codebook a lot and make coding/decoding of the message troublesome.
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Minimalistic design
[bookmark: _Hlk494373529]A design with a very small footprint could be to exactly repeat the long PUCCH transmitted in the first slot. This would include repeating existing intra-slot frequency hopping resources, slot layout and data for the long PUCCH. The main benefit of such a scheme is the very low extra signaling needed with only the number of repetitions to configure. The number of repetition slots can in this case be configured via RRC.
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The repetitions use the same resources as the first repetition of the same transmission.

[bookmark: _Toc494375068][bookmark: _Toc494377778][bookmark: _Toc494455106][bookmark: _Toc494468007][bookmark: _Toc494469503][bookmark: _Toc494469955][bookmark: _Toc494743507]UE determines the PUCCH resource for first repeated slot from corresponding DL DCI (as discussed in [1]), and the same PUCCH resource is used for all the subsequent repeated slots of the same transmission.
[bookmark: _Toc494375069][bookmark: _Toc494377779][bookmark: _Toc494455107][bookmark: _Toc494468008][bookmark: _Toc494469504][bookmark: _Toc494469956][bookmark: _Toc494743508]UE uses the long PUCCH configuration (i.e., starting position/length) determined for first repeated slot for all the subsequent repeated slots of the same transmission.
[bookmark: _Toc494377780][bookmark: _Toc494455108][bookmark: _Toc494468009][bookmark: _Toc494469505][bookmark: _Toc494469957][bookmark: _Toc494743509]If intra-slot frequency hopping is configured for the first repeated slot, intra-slot frequency hopping is used in all the subsequent repeated slots of the same transmission using the same resources. 
For latency reasons and to save buffer space in gNB, it is good to transmit all repetitions as quickly as possible. Hence the repetitions should be performed over N consecutive UL slots. For FDD that is every slot and for TDD that is every configured UL slot, until N repetitions have been transmitted. For TDD when higher layer indication for UL/DL slots is not present the long PUCCH repetitions should be performed over N consecutive slots and the network should ensure that relevant resources are reserved for this.
 
[bookmark: _Toc494377781][bookmark: _Toc494455109][bookmark: _Toc494468010][bookmark: _Toc494469506][bookmark: _Toc494469958][bookmark: _Toc494743510]Long PUCCH repetitions is performed over N consecutive UL slots. For FDD every slot and for TDD every UL slot until N repetitions have been transmitted.
[bookmark: _Toc494377782][bookmark: _Toc494455110][bookmark: _Toc494468011][bookmark: _Toc494469507][bookmark: _Toc494469959][bookmark: _Toc494743511]For TDD when higher layer indication for UL/DL slots is not present, long PUCCH is performed over N consecutive slots and the network ensures that relevant resources are reserved for this.

Alternative designs
Adjusting the design to add more flexibility comes at the cost of more control signaling. Natural alternative designs could be based on not using the same slot layout in all repetitions. This could span between a few different layouts spread across the slots to different layouts in every slot. Typically, the control signaling in this case would scale with the number of unique slot layouts. Either one massive DL-DCI could configure all slots at once or there could be one DL-DCI per slot. Using one DL-DCI per slot raises the question if this could be achieved when a UE is in bad coverage since that could require repetitions also of the DL-DCI message which would spread out the PUCCH repetitions in time and both complicate scheduling and increase latency. Further spreading out repetitions in time would require more buffer space in gNB since the PUCCH repetitions would be interlaced with other received messages in gNB. If instead one massive DL-DCI was used, that would put further stress on the already coverage limited link between gNB and the UE.

Conclusions
In this document, we discuss long PUCCH transmission over multiple slots and propose the following
[bookmark: _GoBack]Proposal 1	NR long PUCCH repetition is enabled/disabled via RRC configuration.
Proposal 2	Long PUCCH repetition is supported for HARQ-ACK.
Proposal 3	UE is not expected to transmit other physical channels/signals in slots where it performs a repetition-based long PUCCH transmission.
Proposal 4	An ongoing long PUCCH repetition cannot be interrupted or reconfigured.
Proposal 5	Number of repetition slots (N) is configured via RRC.
Proposal 6	UE determines the PUCCH resource for first repeated slot from corresponding DL DCI (as discussed in [1]), and the same PUCCH resource is used for all the subsequent repeated slots of the same transmission.
Proposal 7	UE uses the long PUCCH configuration (i.e., starting position/length) determined for first repeated slot for all the subsequent repeated slots of the same transmission.
Proposal 8	If intra-slot frequency hopping is configured for the first repeated slot, intra-slot frequency hopping is used in all the subsequent repeated slots of the same transmission using the same resources.
Proposal 9	Long PUCCH repetitions is performed over N consecutive UL slots. For FDD every slot and for TDD every UL slot until N repetitions have been transmitted.
Proposal 10	For TDD when higher layer indication for UL/DL slots is not present, long PUCCH is performed over N consecutive slots and the network ensures that relevant resources are reserved for this.
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