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1 Introduction
From the RAN1 #91 to RAN1 #92 meeting, there had been several agreements on long PUCCH transmission over multiple slots [1]-[2]:
	Agreements at RAN1 #91:
· For long PUCCH over multiple slots
· The number of slots configured for a long PUCCH over multiple slot are  (1, 2, 4, 8)
· Inter-slot hopping is performed on every slot
· For intra-slot hopping or inter-slot hopping, the 1st hop and 2nd hop are performed on the frequency resources indicated by PUCCH resource allocations

· For long PUCCH over multiple slot
· The starting symbol of long PUCCH in the starting slot is indicated by PUCCH resource allocation
· The starting symbol of long PUCCH in subsequent slots is the same as the starting position in the starting slot.
Agreement at RAN1 #91:
· On SSB transmission
· SSB transmission can happen in semi-static DL
· SSB transmission can happen in semi-static unknown
· Symbols configured to transmit SSB cannot be overwritten to UL

Agreements from [91-NR-14] Email discussion after RAN1#91
· When a UE receives a grant to transmit the long PUCCH over K slots where K is configured by higher layers, with duration of N symbol in each slot indicated by the DCI grant, with transmission starting in slot M, the UE is expected to do the following 
· If the UE receives the semi-static UL/DL configuration, the UE is expected to transmit the long PUCCH on the slot(s), starting from slot M, where the number of consecutive UL (FFS:  and/or Unknown) symbols >= N starting at the starting symbol indicated by PUCCH resource allocation. This continues until the UE has transmitted K slot(s) of long PUCCH.
· If the UE does not receive any semi-static UL/DL configuration, the UE is expected to transmit long PUCCH over K consecutive slots, starting from slot M, starting at the starting symbol in each slot indicated by PUCCH resource allocation.

Agreements at RAN1 AH 1801
· The ‘unknown’ symbols in semi-static DL/UL assignment can be used for long PUCCH transmission over multiple slots when a UE receives a grant to transmit the long PUCCH

Agreements at RAN1 #92
· To capture that the UE does not transmit PUCCH if the PUCCH transmission would have its transmission overlapping in symbols configured for SS/PBCH transmission 


In this contribution, as remaining issues for PUCCH transmission over multiple slots, we discuss the UE behaviors on multi-slot PUCCH transmission considering implicit DL/UL switching gap and multi-slot long PUCCH transmission in case of assuming SS/PBCH block located in flexible symbol(s).
Discussion on Long PUCCH over Multiple Slots
Determination of slots for multi-slot long PUCCH transmission considering DL-UL switching gap
According to the agreements at RAN1#AH_1801 [2], DCI granted multi-slot PDSCH/PUSCH/PUCCH can be transmitted by the UE on unknown symbol(s) indicated by semi-static DL/UL assignment configuration. This implies that the unknown or flexible symbol(s) can be used for long PUCCH transmission over multiple slots when semi-static DL/UL assignment configuration indicates unknown regardless of indication by dynamic SFI or when no semi-static DL/UL assignment and UE-dedicated DL/UL assignment. 

However, unlike LTE, the DL/UL switching gap in NR can be set implicitly with one or two symbol(s) without any explicit signaling. Then  the consecutive DL symbol and (multi-slot) long PUCCH using flexible symbol without any DL/UL switching gap can occur in one slot format. Figure 1 shows the case for consecutive DL symbol and flexible symbol for multiple-slot long PUCCH without any DL/UL switching gap in one slot format (e.g.= 2 by higher layer and # of symbol for long PUCCH = 12 in one slot format). 
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Figure 1. The case for consecutive DL symbol and flexible symbol for multiple-slot long PUCCH without any DL/UL switching gap in one slot format.  

Therefore, when the UE determines slots for transmitting long PUCCH on multiple slots, the  slots for the multi-slot long PUCCH transmission should be determined by considering one or two flexible symbols(s) as the DL/UL switching gap. Also, it can be applied to DCI granted multi-slot PUSCH transmission as well. 
At the previous meeting, we discussed this issue, but we could not reach a conclusion. To avoid “NO” switching gap between DL and long PUCCH transmission, we propose the following alternatives as follows:
· Proposal 1:
· Alt 1. A UE does not transmit long PUCCH for UCI repetition in a slot having DL symbols if the number of “UL” & “Flexible” symbols in the slot is equal to the number of symbols for the long PUCCH. 
· Alt 2. A UE is not expected that the flexible symbol right after the last DL symbol in a slot is used for long PUCCH transmission.

Determination of slots for multi-slot long PUCCH transmission in case of assuming SS/PBCH block in flexible symbol(s).

According to the agreements at RAN1#91 [1], RAN1 agreed that SS/PBCH block can happen in both semi-static DL symbol(s) and semi-static unknown (or flexible) symbol(s), in which the symbols configured to transmit SS/PBCH block cannot be overwritten to UL. This implies that if symbols configured to transmit SS/PBCH block are ‘unknown’ symbol(s) by semi-static DL/UL assignment configuration, the unknown symbol(s) cannot be used for long PUCCH transmission over multiple slots and at least the next flexible symbol of SS/PBCH block cannot be also used for long PUCCH transmission over multiple slots similar to previous case (i.e. consecutive DL symbol and flexible symbol for multi-slot long PUCCH). Figure 2 shows the case for consecutive SS/PBCH block and flexible symbol for multiple-slot long PUCCH without any DL/UL switching gap in one slot format (e.g.= 2 by higher layer and # of symbol for long PUCCH = 8 in one slot format).
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Figure 2. The case for consecutive SS/PBCH block and flexible symbol for multiple-slot long PUCCH without any DL/UL switching gap in one slot format.  

Therefore, when the UE determines slots for transmitting long PUCCH on multiple slots, the  slots for the multi-slot long PUCCH transmission should be determined by excluding semi-static unknown symbols configured to transmit SS/PBCH block. In addition, in order to avoid the case of being configured without at least a DL-UL switching gap, we propose the reservation of at least a single of flexible symbol for DL/UL switching gap as follows:
· Proposal 2: A UE is not expected that the flexible symbol right after SS/PBCH block in a slot is used for long PUCCH transmission.
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Conclusion
In this contribution, we have discussed the remaining issue for long PUCCH transmission over multiple slots. Our view is summarized as follows:
· Proposal 1:
· Alt 1. A UE does not transmit long PUCCH for UCI repetition in a slot having DL symbols if the number of “UL” & “Flexible” symbols in the slot is equal to the number of symbols for the long PUCCH. 
· Alt 2. A UE is not expected that the flexible symbol right after the last DL symbol in a slot is used for long PUCCH transmission.
· Proposal 2: A UE is not expected that the flexible symbol right after SS/PBCH block in a slot is used for long PUCCH transmission.
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