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Introduction
In the last several meetings, the following agreements have been made [1];
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

In this contribution, our views on long PUCCH over multiple slots are presented.
Discussion
[bookmark: _GoBack]In the RAN1 90bis meeting, it is agreed that for long PUCCH over multiple slots, at least support the case that the duration of long of PUCCH in each slot is the same. The details are still to be decided. Repetition scheme, the possible value(s) of N and the mechanism to determine the value of N need to be concluded. Determining the remaining slots, the symbol position and the number of PUCCH in the remaining slots should have clear rules.
The following method can be considered. The remaining slot locations can be obtained by implicit rules. Then, no signalling overhead between the base station and the UE is introduced.
Method 1: After the starting slot of PUCCH, if there is a slot that can provide the same symbol indexes for the PUCCH as those for the PUCCH in the starting slot, the slot is selected as remaining slot.
For example, if the PUCCH is configured with 2 slots and the PUCCH is used symbol 3~9 in the starting slot, then the next slot must also provide symbol 3-9 for the PUCCH. In this way, the base station and the UE determine the remaining slots according to the slot structure (SFI). In the same time, the UE should be configured to receive dynamic SFI, if gNB operate in dynamic slot type.
As such, the PUCCH will have the same number of symbols and symbol positions in multiple slots being configured. 
Method 2: After the starting slot of PUCCH, if there is a slot that can provide the same number of symbols for the PUCCH as the PUCCH in the starting slot, the slot is selected as remaining slot.
For example, if the PUCCH is configured with 2 slots and the PUCCH is used 6 symbols (e.g., symbol 3~8) in the starting slot, then a slot can provide 7 symbols for the PUCCH (e.g., symbol 4~10), the slot should be selected as the remaining slot. Further, the starting symbol of PUCCH is adjusted to symbol 4 in this type of slot, so that PUCCH will use symbol 4 ~ 9 in this remaining slot. Similarly, the base station and the UE determine the remaining slots according to the slot structure (SFI). 
PUCCHs configured with multiple slots will have the same number of symbols and possibly different symbol positions in multiple slots by this method.
Method 2 has few limits for the remaining slots. It is preferable to make the distance smaller among multiple slots of the PUCCH.
Proposal 1: For a cross-slot PUCCH, the remaining slots of the PUCCH should be determined by the implicit rules.
· Method 2 should be supported: 
· For a cross-slot PUCCH, the remaining slots of the PUCCH are following slots can provide the same number of symbols for as that for the PUCCH in the starting slot.
· In the remaining slots, the starting symbol of the PUCCH can be adjusted based on the available uplink symbol in the slot.

For a cross-slot PUCCH, its total number of symbols should allow more than 14 symbols for greater coverage. For the value of N, we think that 2, 4, 6 and 8 can cover the requirement.
Proposal 2: A cross-slot PUCCH can contain 2, 4, 6 and 8 slots.

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For the cross-slot PUCCH, if the frequency hopping of the PUCCH is enabled in the slot, the frequency hopping in each slot should be consistent. For PUCCH frequency hopping between slots, the method for PUCCH hopping within the slot can be used in order to determine the frequency domain position of the PUCCH in each slot.
For the resource allocation, time and frequency domain should be considered.
For long PUCCH over multiple slots, the possible parameters for resource allocation should be considered, and parameters are listed in the previous discussion for different structures. We should first determine the structure of the long PUCCH across multiple slots. Then the corresponding time domain resource allocation will be decided.
For resource allocation in the frequency domain, keeping slots uniform in the frequency domain should be sufficient at least in case only with intra-slot frequency hopping. The intra-slot frequency hopping should be configurable. If it is disabled, the inter-slot frequency hopping can be enabled to achieve the sufficient frequency diversity, which results shift of frequency resource among aggregated slots.
Proposal 3: For the intra-slot hopping and inter-slot hopping, the same frequency hopping rules are used. They are not enabled in same time.
Proposal 4: For a cross-slot PUCCH, the PUCCH resource allocation in each aggregated slot can be uniform in frequency as possible.
Conclusion
Based on the analysis given above, we have the following proposals regarding long PUCCH over multiple slots:
Proposal 1: For a cross-slot PUCCH, the remaining slots of the PUCCH should be determined by the implicit rules.
· Method 2 should be supported: 
· For a cross-slot PUCCH, the remaining slots of the PUCCH are following slots can provide the same number of symbols for as that for the PUCCH in the starting slot.
· In the remaining slots, the starting symbol of the PUCCH can be adjusted based on the available uplink symbol in the slot.
Proposal 2: A cross-slot PUCCH can contain 2, 4, 6 and 8 slots.
Proposal 3: For the intra-slot hopping and inter-slot hopping, the same frequency hopping rules are used. They are not enabled in same time.
Proposal 4: For a cross-slot PUCCH, the PUCCH resource allocation in each aggregated slot can be uniform in frequency as possible.
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