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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
Basically, there are six kinds of combinations for UCI repetition scheme, namely:
· Case a: Repetition of UCI in long PUCCH among multiple slots
· Case b: Repetition of UCI in short PUCCH among multiple slots
· Case c: Repetition of UCI in short PUCCH/long PUCCH among multiple slots
· Case d: Repetition of UCI in short PUCCH within a slot
· Case e: Repetition of UCI in short PUCCH/long PUCCH within a slot
· Case f: Repetition of UCI in long PUCCH within a slot
There were some discussions in RAN1#88 meeting on PUCCH repetition. For Case a, the agreements were made as follows [1]: 
Agreements:
· 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
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
However, supporting some of the other cases of PUCCH repetition still has some merits. And this contribution further discusses these possibilities and provides our proposals.
2. Design Philosophy
LTE supports ACK/NACK repetition among multiple uplink subframes, which provides better uplink coverage. Therefore it is valuable to study repetition schemes of PUCCH in NR as well. Some of the motivations for adopting PUCCH repetition can be for better uplink coverage, ultra reliable communication and so on.
Case b: Repetition of UCI in short PUCCH among multiple slots
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Figure b-1: non-contiguous short PUCCH repetition among multiple slots
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Figure b-2: contiguous short PUCCH repetition among multiple slots
The UCI can be repeated by N short PUCCHs. Two possible repetitions for case b are as follow,
· Case b-1: non-contiguous short PUCCH repetition among multiple slots (Figure b-1)
· N short PUCCH are NOT adjacent where short PUCCH is allowed.
· We see this case has no obvious additional benefits compared to case b-2 from reliability improvement. Once the UCI delivered in a short PUCCH is not successful received, the gNB need to wait more time for the next possible short PUCCH occurrence. 
· Case b-2: contiguous short PUCCH repetition among multiple slots (Figure b-2)
· N short PUCCH are adjacent where short PUCCH is allowed.
· It is good for the gNB to early detection of UCI and early encoding of upcoming PDCCH/PDSCH. As provided in Figure b-2A/2B, once the gNB successfully decoding UCI and time for starting next slot is enough for encoding the upcoming PDCCH/PDSCH, the gNB can immediately transmit PDCCH/PDSCH or other related downlink signals.
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Figure b-2A: early UCI decoding and PDCCH/PDSCH encoding succeeded
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Figure b-2B: early UCI decoding and PDCCH/PDSCH encoding failed
Proposal 1: The UCI can be repeated by N short PUCCHs in multiple slots, and N short PUCCHs are adjacent where short PUCCH is allowed

Case c: Repetition of UCI in short PUCCH/long PUCCH among multiple slots
If UCI can be repeated by N PUCCHs with different formats (i.e., long PUCCH and short PUCCH) among multiple slots, it would be difficult to combine the soft information of these two different PUCCH formats.
On the other hand, other implementation, e.g., splitting the long PUCCH into several short PUCCH, replace the short PUCCH with a long PUCCH, can also provide similar benefits in terms of reliability, gNB early encoding operation as described in case b-2.
Proposal 2: UCI repetition by short and long PUCCHs among multiple slots is NOT supported.

Case d: Repetition of UCI in short PUCCH within a slot
Early UCI decoding and PDCCH/PDSCH encoding are possible when the short PUCCH are adjacent. This is similar to the mechanism in case b-2.
Proposal 3: Repetition of UCI in short PUCCH within a slot is supported

Case e: Repetition of UCI in short PUCCH/long PUCCH within a slot
Similar to case c, other implementation, e.g., splitting the long PUCCH into several short PUCCH, replace the short PUCCH with a long PUCCH can also provide similar benefits. However, soft combing of different PUCCH format would be difficult.
Proposal 4: UCI repetition by short and long PUCCHs within a slot is NOT supported.

Case f: Repetition of UCI in long PUCCH within a slot
It is agreed that for PUCCH in long-duration, it may have variable number of symbols with a minimum of 4 symbols in a given slot. Typical length of a slot might be 7, 14 symbols or larger. Therefore, for the case when multiple long PUCCHs in a slot, UCI repetition with N long PUCCHs in a slot can provide better coverage.
Proposal 5: UCI repetition by PUCCHs within a slot is supported.
3. Conclusion
Six basic cases are compared for repetition scheme of UCI, namely:
· Case a: Repetition of UCI in long PUCCH among multiple slots
· Case b: Repetition of UCI in short PUCCH among multiple slots
· Case c: Repetition of UCI in short PUCCH/long PUCCH among multiple slots
· Case d: Repetition of UCI in short PUCCH within a slot
· Case e: Repetition of UCI in short PUCCH/long PUCCH within a slot
· Case f: Repetition of UCI in long PUCCH within a slot
Besides Case a which are already agreed in RAN1#88 meeting, the following proposals are made for case b-f
Proposal 1: The UCI can be repeated by N short PUCCHs among multiple slots, and N short PUCCHs are adjacent where short PUCCH is allowed
Proposal 2: UCI repetition by short and long PUCCHs among multiple slots is NOT supported.
Proposal 3: Repetition of UCI in short PUCCH within a slot is supported.
Proposal 4: UCI repetition by short and long PUCCHs within a slot is NOT supported.
Proposal 5: UCI repetition by PUCCHs within a slot is supported.
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