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1 Introduction

In RAN1#90bis meeting, the following agreements for long-PUCCH over multiple slots were made in [1].
· 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 
In this contribution, we will discuss the case of different durations in different slots for long-PUCCH over multiple slots.
2 Structure of long-PUCCH over multiple slots
In RAN1 #90bis meeting, it was agreed that the duration of long PUCCH in each slot is the same for long PUCCH over multiple slots. Different duration of long PUCCH in each slot can be further studied. The benefit for different duration of long PUCCH in each slot can improve the UL resource utilization. To achieve the different duration of long PUCCH in each slot with a total duration of 1 ms or more than 1 ms over multiple slots, as shown in Figure 1-3. The slot structure of each aggregated slot can be different. Please note that Figure 1-3 also do not consider frequency hopping issue.
· Option 1: Long-PUCCH over multiple slots is transmitted always spanning all available long-PUCCH symbols of each aggregated slot. 
As shown in Figure 1, UE1 transmits the UCI in one long-PUCCH with 9 symbols in slot 1 and the other long-PUCCH with 13 symbols in slot 2. For 15 kHz numerology, the total duration of long-PUCCH for UE1 is more than 1 ms. The structure of each long-PUCCH, i.e., long-PUCCH with 9 symbols in slot 1 and 13 symbols in slot 2, is achieved from the structure of the long PUCCH with corresponding number of symbols within a slot.
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Figure 1. The structures of long-PUCCH over multiple slots for Option 1.
· Option 2: Long-PUCCH over multiple slots is transmitted based on the number of PUCCH symbols needed for coverage, such that the transmission has a length of at least 1 ms as in LTE. 
As shown in Figure 2, UE1 transmits the UCI in one long-PUCCH with 9 symbols in slot 1 and the other long-PUCCH with 5 symbols in slot 2 to achieve 1 ms with 15 kHz numerology. The remaining (right) part of UL resource with 8 symbols in slot 2 can be scheduled to transmit UCI or other UL signaling from other UEs. The structure of each long-PUCCH, i.e., long-PUCCH with 9 symbols in slot 1, long-PUCCH with 5 symbols in slot 2 and long-PUCCH with 8 symbols in slot 2, is achieved from the structure of the long PUCCH with corresponding number of symbols within a slot.
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Figure 2. The structures of long-PUCCH over multiple slots for Option 2.
· Option 3: Long-PUCCH over multiple slots is transmitted always spanning all available long-PUCCH symbols of each aggregated slot, except for the last slot where the number of symbols may correspond the number of symbols of  one frequency hop, or may correspond to all available symbols of the slot. 
If UE transmits the UCI with long PUCCH over multiple slots, the number of long-PUCCH symbol in the last slot is determined by the number of PUCCH symbols needed for coverage and the other aggregated slots. Before the last aggregated slot, UE always spans all available long-PUCCH symbols of each aggregated slot to transmit the UCI. According to the number of PUCCH symbols needed for coverage, if the number of the needed transmission PUCCH symbols in the last slot is smaller or equal to the length of one hopping leg of long-PUCCH within the last slot, the UE spans the number of one hopping leg of long-PUCCH symbols to transmit the UCI. If not, it spans all available long-PUCCH symbols in the slot to transmit the UCI. As shown in Figure 3, UE1 transmits the UCI in one long-PUCCH with 9 symbols in slot 1 and the other long-PUCCH in slot 2 to achieve 1 ms with 15 kHz numerology. The hopping point is in the near middle within slot 2, i.e., the number of hopping leg of long-PUCCH symbols is 6 or 7. So UE1 needs to transmit the UCI with 5 symbols in slot 2, which is smaller than the number of hopping leg of long-PUCCH symbols. The UE spans the number of one hopping leg of long-PUCCH symbols to transmit the UCI, for example, 6 long-PUCCH symbols. The remaining (right) part of UL resource with the other hopping leg of long-PUCCH, i.e., 7 symbols, in slot 2 can be scheduled to transmit UCI or other UL signaling from other UEs. The structure of each long-PUCCH, i.e., long-PUCCH with 9 symbols in slot 1, long-PUCCH with 13 symbols in slot 2, is achieved from the structure of the long PUCCH with corresponding number of symbols within a slot.
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Figure 3. The structures of long-PUCCH over multiple slots for Option 3.
The above 3 options can be considered to achieve the different duration of long PUCCH in each slot. Option 2 can achieve the highest resource utilization compared with other 2 options. For example, as shown in Figure 2, the long-PUCCH for UE1 has already achieved 1 ms with 15 kHz numerology. So, in slot 2, the remaining (right) part of UL resource with 8 symbols can be scheduled to transmit UCI or other UL signaling from other UEs to improve the resource utilization. But the complexity of scheduling for Option 2 will increase, as gNB needs to schedule another UE to occupy a part of UL resource to transmit long-PUCCH or other UL signaling within one slot and design multiplexing capacity for each aggregated slot. Option 3 is a tradeoff among these options. The resource utilization of option 3 is better than Option 1. The complexity of scheduling for Option 3 is lower than Option 2, as the hopping point is aligned within the long-PUCCH structure in the last slot. The multiplexing capacity in each aggregated slot does not need to be re-designed according to scheduling the long-PUCCH transmission over multiple slots.  
Proposal 1: 
· For long PUCCH over multiple slots, the duration(s) of long PUCCH in each slot can be different. 
· The following options can be considered for the structure of long-PUCCH over multiple slots:

· Option1: long-PUCCH over multiple slots spans all available long-PUCCH symbols of each slot 

· Option2: long-PUCCH over multiple slots spans all available long-PUCCH symbols of each slot except the last slot where the number of symbols used is calculated to make sure the total accumulated number of symbols in long PUCCH is equivalent to 1 ms duration as in LTE
· Option3: long-PUCCH over multiple slots spans all available long-PUCCH symbols of each slot except the last slot where it spans the  first frequency-hop or the whole slot to make sure the total accumulated number of symbols in long PUCCH is  equivalent to or larger than 1 ms duration as in LTE
3 Conclusions
In this contribution, we have the following proposal: 
Proposal 1: 

· For long PUCCH over multiple slots, the duration(s) of long PUCCH in each slot can be different. 

· The following options can be considered for the structure of long-PUCCH over multiple slots:

· Option1: long-PUCCH over multiple slots spans all available long-PUCCH symbols of each slot 

· Option2: long-PUCCH over multiple slots spans all available long-PUCCH symbols of each slot except the last slot where the number of symbols used is calculated to make sure the total accumulated number of symbols in long PUCCH is equivalent to 1 ms duration as in LTE
· Option3: long-PUCCH over multiple slots spans all available long-PUCCH symbols of each slot except the last slot where it spans the  first frequency-hopping or the whole slot to make sure the total accumulated number of symbols in long PUCCH is  equivalent to or larger than 1 ms duration as in LTE
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