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1 Introduction

In RAN1#88, long PUCCH transmission over multiple slots was agreed [1]:
Agreements:
· 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
This contribution considers aspects related to supporting transmissions of long PUCCH over multiple slots.
2 HARQ-ACK Repetitions in LTE
Similar to long PUCCH transmissions over multiple slots, PUCCH format 1a/1b repetitions are supported for transmission of 1-2 HARQ-ACK bits by coverage-limited UEs as summarized below [2].
· Enabling/disabling of HARQ-ACK repetition: HARQ-ACK repetition is enabled/disabled by a UE-specific parameter ackNACKRepetition configured by higher layer signaling. Once enabled, HARQ-ACK transmissions repetition is maintained until HARQ-ACK repetition is disabled.
· The number of HARQ-ACK repetitions: The number of HARQ-ACK repetitions is  
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 which is configured by a higher layer signaling. Thus, a HARQ-ACK transmission is repeated on 
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 subframes.
· PUCCH resource for HARQ-ACK repetition
· For a PDSCH w/o a corresponding (E)PDCCH, 
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by a higher layer signaling is used 
· For a PDSCH w/ a corresponding (E)PDCCH, PUCCH resource for the first transmission of HARQ-ACK repetition is implicitly derived from (E)PDCCH CCE index and PUCCH resource for 
[image: image4.wmf]1

ANRep

-

N

  times repetition is 
[image: image5.wmf])

~

,

1

(

ANRep

 

PUCCH,

p

n

 by higher layer signaling
· Subframes for HARQ-ACK repetition
· For FDD, if a PDSCH is detected on subframe n-4, HARQ-ACK is transmitted on continuous 
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 subframes (i.e., subframes 
[image: image7.wmf]n

, 
[image: image8.wmf]1

+

n

, …, 
[image: image9.wmf]1

ANRep

-

+

N

n

).
· For TDD, if a PDSCH is detected within subframe(s) 
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 is defined in Table 10.1.3.1-1, HARQ-ACK is transmitted on subframes 
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3 Multi-slot Long PUCCHs for NR
The following aspects need to be considered for supporting long PUCCH transmissions over multiple slots in NR.
· Enabling/disabling of multi-slot long PUCCH transmissions: As in LTE, a higher layer signaling can enable/disable multi-slot long PUCCH transmissions. If enabled by the higher layer signaling, long PUCCH transmissions are repeated on multiple slots until it is disabled by the higher layer signaling.
· The number of repetitions for multi-slot long PUCCH transmissions: For the number of repetitions for multi-slot long PUCCHs, the number of symbols or, equivalently, the number of slots in case the number of symbols per slot does not vary, for long PUCCH transmission can be configured by higher layer signaling. For the number of symbols for long PUCCH transmission in a slot, one value can be configured by higher layers and a UE can assume the same number of symbols for long PUCCH transmission in each of the multiple slots. If sufficiently justified, more flexibility can be provided and the number of symbols per slots can be separately configured for each slot. This can be helpful in somewhat reducing the number of repetitions (number of required slots) when symbols used for SRS/short PUCCH transmissions or, in general, reserved symbols are configured by higher layers or GC-PDCCH have large variations per slot.
· PUCCH resource for multi-slot long PUCCH transmissions: As in LTE, a PUCCH resource configured by higher layer signaling can be used in the additional slots except the first slot for the multi-slot long PUCCH transmissions. This can simplify resource allocation in subsequent slots for long PUCCH transmissions. For transmission in the first slot, either explicit signaling in the DCI or a combination of explicit and implicit signaling, especially in case of high UE multiplexing per RB, can be used. 
· Slots for multi-slot long PUCCH transmissions: If L1 signaling indicates a slot for long PUCCH transmission (e.g. HARQ-ACK timing), long PUCCHs are transmitted on available slots including the slot indicated by the L1 signaling. It is noted that the available slots can be contiguous (in FDD) or non-contiguous (in TDD). Otherwise, a starting slot index for long PUCCH transmissions can be configured by higher layer signaling and long PUCCH is transmitted on available slots including the starting slot. For TDD, the available slots can be configured by higher layers over a period of slots in case of dynamic TDD or be determined by an UL/DL configuration in case of semi-static TDD.
Proposal 1: For long PUCCH transmissions over multiple slots
· UE-specific higher layer signaling enables/disables multi-slot long PUCCH transmissions.

· The number of slots for repetitions, the number of symbols in a slot, and the PUCCH resource in the additional slots are configured by the higher layer signaling.

· A starting slot for repetitions can be indicated by L1 or by higher layers.
4 Conclusion
In this contribution, we have discussed aspects related to supporting transmissions of long PUCCH over multiple slots and the following were proposed:
Proposal 1: For long PUCCH transmissions over multiple slots

· UE-specific higher layer signaling enables/disables multi-slot long PUCCH transmissions.

· The number of slots for repetitions, the number of symbols in a slot, and the PUCCH resource in the additional slots are configured by the higher layer signaling.

· A starting slot for repetitions can be indicated by L1 or by higher layers.
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