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Introduction
A work item for NR was agreed in RAN#75 [1]. The detailed objectives of the WID included the design of “Physical layer channels for control and data based on associated waveform, numerologies and frame structure in line with the conclusions of the study item, including mini-slot design”. 
In RAN#88, the following was agreed [2].
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

In this contribution, we discuss some aspects related to repetition of UCI in the PUCCH in long duration (long PUCCH).
Discussion
Repetition of UCI bits across slots can be used to enhance the coverage of the long PUCCH. As shown in [3], the possible operating SNR for the PUCCH in a long duration varies depending on the length of the long PUCCH as well as the channel characteristics. Therefore, the additional coverage achieved via repetition is more useful in some cases, notably when shorter durations are used for the long PUCCH. 
The particulars of how repetition is performed need to be considered carefully including the complexity of reception of the repeated long PUCCH. We first consider the question of whether the N slots in which the long PUCCH is repeated may or may not be adjacent in slots where the long PUCCH is configured for the UE. If the long PUCCH is not adjacent in slots where the long PUCCH is configured for the UE, the delay in delivering the UCI is increased. This is undesirable for all types of UCI that will be carried in the long PUCCH and is not worth the extra time diversity that may be gained by spreading the long PUCCH repetitions further apart. We therefore propose the following. 
Proposal: Repetitions of the long PUCCH are performed in N slots that are adjacent in slots where the long PUCCH is configured to the UE.

The number of repetitions may either be configurable or could be fixed in the specification. Considering the diversity of scenarios that NR may need to serve, configurability of the number of slots, N, carrying the repeated long PUCCH, can provide increased flexibility. However, the maximum configured value for N needs further study. 
Proposal: The number of slots, N, in which the repeated long PUCCH is transmitted is configurable. The maximum value of N should be studied further.

The repeated long PUCCH transmissions may use the same format or could use different formats, for instance, the length of the long PUCCH transmission could potentially be different. We note that in a system where repeated PUCCH is being used, there clearly must be UEs that need the repetitions to enhance coverage. In such a system, it is likely that the long PUCCH will be configured with higher number of symbols. For coverage limited UEs, coverage is enhanced if each repeated transmission uses this higher number of symbols rather than using a long PUCCH with fewer symbols for some of the repetitions. This also simplifies the receiver. Hence, it is better for the repetitions of the long PUCCH to have the same format.
Proposal: The transmissions of the repeated long PUCCH should use the same format including the length of the long PUCCH.

The agreement from RAN1#88 leaves the question of whether repeated transmissions of UCI greater than 2 bits in long PUCCH should be supported. This question needs further consideration and depends to some extent on the design details of the long PUCCH. Therefore, the question of whether repeated transmissions should be allowed for UCI greater than 2 bits should be deferred to a future RAN1 meeting. 
Another aspect left for further study was whether long PUCCH transmissions should be repeated within a slot. The use case for which repetitions within the same slot are beneficial is not clear. If multiple PUCCH transmissions are needed within a slot, it is potentially simpler to just configure a long PUCCH spanning the whole slot since the coverage is probably the same or better than using repeated PUCCH transmissions in two long PUCCH transmissions within a slot with fewer symbols in each transmission. Therefore, we propose the following.
Proposal: Each transmission of a long PUCCH in a sequence of repeated long PUCCH transmissions should occur in a different slot.

Conclusion
This contribution discussed repetitions of the UCI in PUCCH in a long duration. The following was proposed.
Proposal:	
· Repetitions of the long PUCCH are performed in N slots that are adjacent in slots where the long PUCCH is configured to the UE.
· The number of slots, N, in which the repeated long PUCCH is transmitted is configurable. The maximum value of N should be studied further.
· The transmissions of the repeated long PUCCH should use the same format including the length of the long PUCCH.
· Each transmission of a long PUCCH in a sequence of repeated long PUCCH transmissions should occur in a different slot.
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