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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1#88, following agreements had been made on support of long-duration NR-PUCCH over multiple slots [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 bits
· FFS the case of within a slot
This contribution further discusses the support of long-duration NR-PUCCH over multiple slots.
Discussion
The design of long PUCCH for UE whole coverage requires 14 symbols condition of 15 kHz subcarrier spacing
In order to achieve the same link budget as LTE uplink under the same usage scenarios and similar deployment configurations, for 15 kHz subcarrier spacing, it is necessary to support the coverage corresponding to 14 symbols for 15 kHz subcarrier spacing. In order to support such coverage, following operations could be at least considered for different slot-type configuration and different UL symbol availability. All operations try to achieve the same transmission length with 14 symbols with 15 kHz in different slot configurations. 
	Subcarrier spacing
	No. of symbols / slot
	No. of symbols used for UL
	Supported long PUCCH operation

	15 kHz
	14
	14 
(all symbols in slot)
	14 symbols with intra-slot hopping
(7 symbols + 7 symbols)

	
	
	7
	7 symbols with inter-slot hopping
(7 symbols + 7 symbols)

	
	7
	7 
(all symbols in slot)
	7 symbols with inter-slot hopping
(7 symbols + 7 symbols)

	
	
	4
	4 symbols with inter-slot hopping
(4 symbols + 4 symbols + 4 symbols + 4 symbols)



For larger subcarrier spacing, following operations could be at least supported:
	Subcarrier spacing
	No. of symbols / slot
	No. of symbols used for UL
	Supported long PUCCH operation

	30 kHz
	14
	14 
(all symbols in slot)
	14 symbols with inter-slot hopping
(14 symbols + 14 symbols)

	
	7
	7
(all symbols in slot)
	7 symbols with inter-slot hopping
(7 symbols + 7 symbols + 7 symbols + 7 symbols)

	60 kHz
	7
	7
(all symbols in slot)
	7 symbols with inter-slot hopping
(7 symbols + 7 symbols + 7 symbols + 7 symbols 
+ 7 symbols + 7 symbols + 7 symbols + 7 symbols)



In order to enable above operations, enabling inter-slot hopping is necessary function. In addition, when inter-slot frequency hopping is used, to apply intra-slot hopping would be redundant and disabling intra-slot hopping would be better to achieve good channel estimation. Therefore, enabling and disabling intra-slot hopping is also necessary function.
Proposal 1: Inter-slot hopping is supported for long-duration NR-PUCCH over multiple slots.
Proposal 2: Enabling and disabling intra-slot hopping should be supported.

In addition to above operations, there can be the situations when UL symbols are different among slots. Therefore, what is the behaviour if UL symbols are different between slots is the one of the issue. There would be following 3 options. Example of 3 options is also illustrated in Fig.1.
· Option 1: 14 symbols are used over multiple slots regardless of UL symbols in a slot. In this option, part of symbols in some slots may not be used. Example is, if 10 symbols are already sent in previous slots and next slot have 7 UL symbols for PUCCH, only 4 symbols are used.
· Option 2: All UL symbols used for long PUCCH in a slot are used. In this option, more than 14 symbols may be used. Example is, if 10 symbols are already sent in previous slots and next slot have 7 UL symbols for PUCCH, 7 symbols are used.
· Option 3: Different UL symbols over slots are not considered. Example is, 14-symbol transmission is only realized by slot with 7 UL symbols case and slot with 14 UL symbols case only.

[image: ]
Fig.1 Options for multiple slot usage case when number of UL symbols are different among slots.

Option 1 would achieve the best spectral utilization efficiency as the number of symbols to be used can be optimized. However, it would complicate signalling such as indication of the length of long PUCCH and misalignment of PUCCH length between different UEs. Option 2 would have excessive resource utilization. Option 3 would increase the latency.
Assuming long-PUCCH is designed based on within a given slot basis, Option 2 or 3 could be simple. If how construct multiple slots can be indicated, to support both Option 2 and 3 are possible.
Proposal 3: For long-duration NR-PUCCH, to concatenate the slots which have different number of UL symbols (i.e., different PUCCH durations) is supported for multiple slot usage case.
Proposal 4: For long-duration NR-PUCCH, available symbols for long-duration NR-PUCCH are fully utilized even if the necessary symbols are exceeded.

Conclusion
In this contribution, we discussed the support of long-duration NR-PUCCH over multiple slots. We have the following proposal:
Proposal 1: Inter-slot hopping is supported for long-duration NR-PUCCH over multiple slots.
Proposal 2: Enabling and disabling intra-slot hopping should be supported.
Proposal 3: For long-duration NR-PUCCH, to concatenate the slots which have different number of UL symbols (i.e., different PUCCH durations) is supported for multiple slot usage case.
[bookmark: _GoBack]Proposal 4: For long-duration NR-PUCCH, available symbols for long-duration NR-PUCCH are fully utilized even if the necessary symbols are exceeded.
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