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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1#90bis [1], following agreements had been made on support of long-PUCCH over multiple slots.
Agreements:
· For long PUCCH over multiple slots, at least support the case that the duration of long PUCCH in each slot is the same
· FFS the case of different durations in different slots
Agreements:
· For long PUCCH over multiple slots, inter-slot hopping is supported by configuration
· FFS details
· For long PUCCH over multiple slots, the intra-slot hopping and inter-slot hopping are not enabled at the same time for a UE
Agreements:
· Each slot in the multiple slots for long-PUCCH over multiple slots is always contained with a slot
· For long PUCCH with more than 2 bits over multiple slots, all UCI bits are encoded and transmitted in each slot
Agreements:
· For long PUCCH over multi-slots, for the case duration of long PUCCH in each slot is the same, the number of slots with long PUCCH transmission is configurable in a UE-specific manner
· Up to 4 possible RRC configured numbers, detailed values FFS
This contribution further discusses the support of long-PUCCH over multiple slots.
Note: This contribution is revised from R1-1718258 [2].
Discussion
Support of different durations in different slots
The FFS point is whether to support the case of different durations in different slots or not. From the resource indication point of view, if PUCCH resource configuration signal is just to extend to multiple slot case, there is no difference on DCI signalling overhead between the same duration in the different slots and different durations in different slots. At first, a set of PUCCH resources is configured to a UE by high layer signalling. For the case of the same duration in different slots, each entry has the duration of long PUCCH which is common over multiple slots. On the other hand, for the case of different durations in different slots, each entry can contain the duration of each slot. Although from DCI overhead point of view, the case of different duration in different slots can keep the same DCI overhead as the case of the same duration in different slots, to have different entries for different length pattern over multiple slot increase the candidates. Then, more restriction on other parameters is required.
Above resource indication is the case of no SFI from group common PDCCH and no semi-static configuration. If semi-static DL/UL configuration and/or SFI is available, to follow semi-static resource or SFI for UL length are possible. Related agreements on SFI are summarized below.
Agreements: (RAN1#90bis)
· The UE is not expected to have conflict on link (DL or UL) direction between that of dynamic SFI and that of UE specific data (UE specific DCI triggered PDSCH, PUSCH (grant-based), and PUCCH with A/N for a PDSCH) in Rel-15
· Note: a link direction denoted as “unknown” in dynamic SFI is not deemed as in conflict with DL or UL
Agreements: (RAN1 email discussion [90b-NR-37])
· On overwriting rules across semi-static DL/UL assignment, dynamic SFI, DCI, etc
· …
· Consider the following directions of potential overwriting in Rel. 15:
· States from semi-static DL/UL assignment overwritten by measurement, dynamic SFI, or UE specific data
· State from measurement overwritten by dynamic SFI or UE specific data
· Dynamic SFI overwritten by UE specific data
· FFS: UE-specific data and measurement related signals not semi-statically configured by RRC overwritten by “unknown” in dynamic SFI
· The timing requirement for overwriting
· UE behavior will be the cancellation of the measurement/data reception or measurement/data related transmission
· …
For PUCCH transmission over multiple slots, UE-specific data comes first and SFI later would be usual situation except self-contained scheduling. Based on above agreements, if PUCCH duration indicated by UE-specific data is N symbols and SFI indicate (N - M) symbols for UL and M symbols for unknown in a slot, following two operation could be considered.
· Option 1: PUCCH sends N symbols as indicated by UE-specific data
· Option 2: PUCCH sends (N – M) symbols as indicated by SFI
Using implicit derivation for starting symbol and/or the number of symbols discussed in PUCCH resource allocation, Option 2 is possible. If PUCCH duration is explicit number, UE-specific data is stronger than SFI. While, if PUCCH duration indication is implicit, UE can follow SFI. Then we have following proposal.
Proposal 1: When semi-static DL/UL configuration and/or SFI is available and there is no explicit indication on PUCCH duration, different number of UL symbols in a slot is support for multiple slot usage case. Otherwise, the duration of long PUCCH in each slot is the same.

Inter-slot frequency hopping
For frequency hopping boundary of inter-slot hopping, following could be considered.
· Alt.1: Only 1 hop over multiple slots. The hopping boundary is ceil (N) or floor (N), where N is the number of slots.
· Alt.2: Hopping is occurred every slot.
· Alt.3: Hopping is occurred every M slots. 
From frequency diversity perspective, to have only 1 hop (Alt.1) would be sufficient. Alt.1 also achieves better channel estimation performance using channel estimation over multiple slots. Then, Alt.1 can be considered if multi-slot operation should be optimized for the use case of coverage enhancement. On the other hand, from resource utilization perspective, Alt.2 could achieve better multiplexing among PUCCH transmission with different number of slots. Alt.3 is middle operation between Alt.1 and Alt.2 which is also used in LTE eMTC.
Proposal 2: For inter-slot frequency hopping of multi-slot PUCCH, following hopping pattern is used.
· Hopping is occurred every M slots. 

Conclusion
In this contribution, we discussed the support of long-PUCCH over multiple slots. We have the following proposals:
Proposal 1: When semi-static DL/UL configuration and/or SFI is available and there is no explicit indication on PUCCH duration, different number of UL symbols in a slot is support for multiple slot usage case. Otherwise, the duration of long PUCCH in each slot is the same.
Proposal 2: For inter-slot frequency hopping of multi-slot PUCCH, following hopping pattern is used.
· Hopping is occurred every M slots. 
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