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1 Introduction
RAN1 agreed to support PUCCH transmission over multiple slots using a long duration PUCCH format. 
At the RAN1 #88 meeting, the following agreements were reached on the long duration PUCCH structure [1]:
Agreements:

· For PUCCH in long duration, 

· At least for 1 or 2 UCI bits, the UCI can be repeated within N slots (N>1)

· The N slots may or may not be adjacent in slots where PUCCH in long duration is allowed

· Details are FFS, including repetition scheme including same or different formats, the possible value(s) N, the mechanism to determine the value of N, etc.

· FFS for >2 UCI bits

· FFS the case of within a slot
Further agreements were reached at the RAN1 NR Ad-Hoc#3 meeting as follows [3]:
Agreements:
· For long PUCCH over multiple slots, the duration(s) of long PUCCH in each slot can be down-selected from following alternatives:

· Alt1: The duration of long PUCCH in each slot is the same
· Alt2: The duration(s) of long PUCCH in each slot could be different
In this contribution, we discuss the open design issues regarding of long duration PUCCH transmission over multiple slots.  
2 Discussion

Since it was agreed that for 1~2 bits UCI, the UCI can be repeated within N slots (N>1), we prefer to transmit UCI in multiple slots by repetition for more than 2 bits UCI as well, so as to support self decodable transmission in each slot.
Proposal 1: For multi-slot PUCCH transmission the same UCI is transmitted in each of the aggregated slots regardless of the number of UCI bits.
Regarding the duration of the long PUCCH in each slot we firstly give some detail solution of the two candidate options listed above.
· For Alt 1, the following indication and rules are required
· For at least P-CSI/SR, the length of long duration PUCCH can be semi-statically configured by higher layer signaling.

· For HARQ-ACK, the length of long duration PUCCH can be dynamically indicated in the DL DCI.

· The following methods can be considered for determining the time domain resource in each aggregated slot:
· Method 1: For the first slot, the starting/ending symbol can be indicated in corresponding DCI, for the following slots, predefine that long duration PUCCH always starts at the first symbol or ends at the last symbol in the UL region or in the UL region which is preconfigured for long PUCCH transmission.

· Method 2: For the first slot, the starting symbol can be indicated in corresponding DCI, for the last slot, the ending symbol can be indicated in corresponding DCI, for the other slots, predefine that long duration PUCCH always starts at the first symbol or ends at the last symbol in the UL region or in the UL region which is preconfigured for long PUCCH transmission.

· Method 3: For each slot, predefine that long duration PUCCH always starts at the first symbol or end at the last symbol in the UL region or in the UL region which is preconfigured for long PUCCH transmission.

· Method 4: For each slot, using the same starting/ending symbols which are indicated in corresponding DCI.

· Method 5: For each slot, using the same starting/ending symbols which are indicated by RRC.

· According to the agreement that assuming no prior information of DL/UL assignment for data channel in RAN1#90 meeting [4], the time domain resource of PUCCH should be explicitly indicated by assuming no prior information of DL/UL assignment as well. This means method 1~3 should be not considered since they all depend on the UE know the slot structure.  Method 4 can be used for HARQ-ACK and method 5 can be used for periodic CSI/SR.
· In case that there is information for the UL region in current slot, if configured information of long PUCCH including the length and the time domain position is not matched with the slot structure, UE may skip this slot (but count this slot) or postpone to the next available slot (do not count this slot) or UE can always assumes that PUCCH is transmitted according to the configured length and time domain position (it means gNB should avoid such unmatched scheduling).  We slightly prefer the last one for simplicity.
· For Alt 2, the following indication and rules are required
· For at least P-CSI/SR, the length of long duration PUCCH can be semi-statically configured by higher layer signaling.

· For HARQ-ACK, the length of long duration PUCCH can be dynamically indicated in the DL DCI for each aggregated slot, which means N time DCI indication overhead than Alt 1 assuming N is the number of aggregated slots.
· The time domain resource method 4 for Alt 1 can be directly used for Alt 2 by indicating the same ending symbol (such as the last or last two or three symbols) in the DCI since indication of the same starting symbol is hard to achieve different lengths in each aggregated slot. Alternatively, there can be separate time domain resource indication fields for each aggregated slot so as to match different lengths well, however, N time DCI indication overhead will be introduced as well.
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Figure 1: sketch map for Alt1                                Figure 2: sketch map for Alt2

Based on the above solution, for Alt 1 a common length no larger than the smallest UL region in the aggregated slots is chosen as the length of long duration PUCCH. This can achieve same long duration PUCCH structure in each aggregated slot, and same coding and rate-matching process in each aggregated slot, which can reduce the implementation complexity. Alt 1 can achieve full utilization of system resource by scheduling the remaining symbols for other transmission, such as mini-slot based transmission. In contrast, Alt 2 with different lengths in different slots requires higher signaling overhead to indicate the different PUCCH durations, and requires different coding and rate-matching processes over the aggregated slots, which increases the implementation complexity. Although there is higher resource allocation flexibility in Alt 2, the penalty is the high signaling overhead and implementation complexity. Therefore, Alt 1 is the preferred solution.
Proposal 2: When multiple slot transmission is configured, the duration of long PUCCH in each slot is the same.
Proposal 3: The length of long duration PUCCH in each aggregated slot can be semi-statically configured by high layer signaling for periodic CSI and SR, and can be dynamically indicated in the DL DCI for HARQ-ACK.
Proposal 4: The time domain position of long duration PUCCH in each aggregated slot is the same and can be semi-statically configured by high layer signaling for periodic CSI and SR, and can be dynamically indicated in the DL DCI for HARQ-ACK.
Inter-slot frequency hopping can be considered by predefining a frequency hopping rule between different aggregated slots. However, it should be obvious that frequency diversity gain can be either obtained by intra-slot frequency hopping or inter-slot frequency hopping. We prefer that inter-slot frequency hopping is configured by RRC signaling but it need not be enabled together with intra-slot frequency hopping.
Proposal 5: Inter-slot frequency hopping can be supported for multi-slot PUCCH transmission.

Proposal 6: Inter-slot frequency hopping can be configured by high layer signaling when intra-slot frequency hopping is not configured.

3 Conclusions
Based on the above discussion, we have the following proposals:
Proposal 1: When multiple slot transmission is configured, UCI should be repeated in multiple slots carried on separate long duration PUCCH in each aggregated slot for any number of UCI bits.

Proposal 2: When multiple slot transmission is configured, the duration of long PUCCH in each slot is the same.

Proposal 3: The length of long duration PUCCH in each aggregated slot can be semi-statically configured by high layer signaling for periodic CSI and SR, and can be dynamically indicated in the DL DCI for HARQ-ACK.

Proposal 4: The time domain position of long duration PUCCH in each aggregated slot is the same and can be semi-statically configured by high layer signaling for periodic CSI and SR, and can be dynamically indicated in the DL DCI for HARQ-ACK.

Proposal 5: Inter-slot frequency hopping can be supported for multi-slot transmission.

Proposal 6: Inter-slot frequency hopping can be configured by high layer signaling when intra-slot frequency hopping is not configured.
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