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1 Introduction
In RAN1 #90bis, Long-PUCCH over multiple slots was discussed with following agreements [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, we share our views on long-PUCCH over multiple slots.
2 Discussion
2.1 Resource allocation in time domain
To achieve link budget as LTE, long PUCCH may span over multiple slots. But it is not clear whether different duration of long PUCCH in each slot is supported. For NR, long PUCCH part for each slot can vary substantially, depending on some parameters, such as SRS configuration and subframe format indication (SFI). Dynamic subframe format leads slot duration to vary more substantial than LTE. Moreover, the variance of subframe format is unavoidable due to dynamic traffic volume and unexpected due to sporadic and urgent traffic, such as URLLC. As shown in Figure 1, the available uplink duration for long PUCCH is {7, 10, 11, 8} symbols for {1st, 2nd, 3rd, 4th} subframe. Among these subframes, 1st and 4th subframes include DL data parts due to sporadic and urgent DL traffic, 2nd subframe reserves one symbol for SRS and 3rd subframe has longest PUCCH duration. If we keep the same duration for long PUCCH over multiple slots, only 7 symbols per subframe could be used. And then 7 symbols (7+10+8+11-7*4) will not be used. These unused symbols are fragmented and not easier to reuse. Therefore, the restriction to keep the same duration for long PUCCH over multiple slots will waste system resource or increase schedule complexity and restriction.
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Figure 1 Long PUCCH over 4 slots

Observation 1: Uplink resource varies substantially among multiple slots, especially for dynamic subframe format.

Proposal 1: For long PUCCH over multiple slots, the different duration of long PUCCH in each slot should be supported to fully utilize uplink transmission resource and be adaptive to dynamic subframe fomat.

To signal different duration of each slot for PUCCH, one straightforward approach is to signal the long PUCCH starting symbols and duration for each slot within aggregated slots. However, it would introduce larger signaling overhead. The various resource of each slot for long PUCCH can be indicated by some other configurations, such as SRS and subframe format. And these configurations have been signaled to UE. Therefore, variation due to the above configuration is not necessary to indicate additionally. 
For long PUCCH over multiple slots, PUCCH position in one slot and slot number/index are signaled to UE. The real PUCCH position in one slot depends on configured PUCCH position in one slot and available resource for PUCCH, which depends on SRS configuration and subframe format. One typical approach is that the real PUCCH position in one slot is the minimum of configured PUCCH position in one slot and available resource for PUCCH. To take Figure1 as an example, Long PUCCH over multiple slot configuration of {PUCCH start symbol: 4th symbol, PUCCH duration in one slot: 11symbols, slots number: 4 slot} are signaled to UE, and other resource configuration, such as SFI of {DDDDDDSUUUUUUU, DDSUUUUUUUUUUU, DDSUUUUUUUUUUU, DDDDDSUUUUUUUU} for 1st -4th slot   and SRS configuration with period of 10ms and offset of 1ms, are also signaled to UE. Then UE determines that real PUCCH duration for 1st-4th slot are {min{11,7},min{11,10},min{11,11},min{11,8}}.
To avoid error propagation due to wrong decoding of SFI, SFI only impacts PUCCH resource for current subframe.  For the case that uplink available resource indicated by SFI is less than configured PUCCH duration in one slot, shorter PUCCH is transmitted and the residual part is not compensated in the following subframe.
Proposal 2: Signaling indication for time resource allocation for long PUCCH over multiple slots includes two parameters: PUCCH position in one slot and slot number/index. 

· The real PUCCH position per slot is determined by configured PUCCH position in one slot and other transmission resource configuration, such as SRS configuration and SFI.
· To avoid error propagation due to wrong decoding of subframe format indication (SFI), SFI only impacts PUCCH resource for current subframe.
2.2 Resource allocation in frequency domain
To achieve frequency diversity gain, intra-slot and inter-slot frequency hopping for long PUCCH over multiple slots are introduced. For intra-slot hopping, there is no difference in requirement between long PUCCH over multiple slots and long PUCCH within one slot. Therefore, to simplify the specification and implementation complexity, the same hopping pattern as long PUCCH within one slot is applied. 
Equally, inter-slot frequency hopping also applies the same hopping pattern in frequency domain as long PUCCH within one slot. However, hopping boundary needs to be investigated due to different PUCCH duration. One straightforward approach is that UE can switch frequency resource in the center of long PUCCH over multiple slots to balance between channel estimation performance and frequency diversity gain.

Proposal 3: For intra-slot hopping, the same hopping pattern as long PUCCH within one slot is applied. For inter-slot, the same hopping pattern in frequency domain as long PUCCH within one slot is applied and hopping boundary is the center of long PUCCH over multiple slots.
2.3 Early termination for long PUCCH over multiple slot
As agreed in RAN1 90bis meeting, all UCI bits are encoded and transmitted in each slot for long PUCCH with more than 2bits over multiple slots. In this case, gNB can early decode during long PUCCH over multiple slots. Once the UCI in long PUCCH over multiple slots is decoded, the remaining long PUCCH transmission is redundant and it reduces system resource efficiency and causes unnecessary interference. Therefore, early termination for long PUCCH over multiple slots is useful.
To balance specification complexity and system efficiency, DL grant could be reused as signaling of early termination. In case of one or multiple ACK/NACKs are transmitted in long PUCCH over multiple slots, once one of HARQ processes, which correspond to the one or multiple ACK/NACKs, is scheduled by DL grant, the long PUCCH over multiple slots could be terminated. As shown in Figure2, UE transmits ACK corresponding to HARQ process ID 0 in slot 1 and 2. When UE receives DL grant, which schedules new data with HARQ process ID 0 , then UE stops PUCCH transmission.
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Figure 2  Early termination for long PUCCH over 4 slots 
Proposal 4: For long PUCCH with more than 2 bits over multiple slots, gNB can perform early terminate long PUCCH over multiple slots by DL grant. 
3 Conclusions
In this contribution, we show our views on the transmission of long PUCCH over multiple slots with following observation and proposals:
Observation 1: Uplink resource varies substantially among multiple slots, especially for dynamic subframe format.

Proposal 1: For long PUCCH over multiple slots, the different duration of long PUCCH in each slot should be supported to fully utilize uplink transmission resource and be adaptive to dynamic subframe fomat.

Proposal 2: Signaling indication for time resource allocation for long PUCCH over multiple slots includes two parameters: PUCCH position in one slot and slot number/index. 

· The real PUCCH position per slot is determined by configured PUCCH position in one slot and other transmission resource configuration, such as SRS configuration and SFI.

· To avoid error propagation due to wrong decoding of subframe format indication (SFI), SFI only impacts PUCCH resource for current subframe.
Proposal 3: For intra-slot hopping, the same hopping pattern as long PUCCH within one slot is applied. For inter-slot, the same hopping pattern in frequency domain as long PUCCH within one slot is applied and hopping boundary is the center of long PUCCH over multiple slots.
Proposal 4: For long PUCCH with more than 2 bits over multiple slots, gNB can perform early terminate long PUCCH over multiple slots by DL grant. 
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