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Introduction
In the last several meetings, the following agreements have been made [1][2][3][4];
· A UCI carried by long duration UL control channel at least with low PAPR design can be transmitted in one slot or multiple slots
· Transmission across multiple slots should allow a total duration of [1] ms at least for some cases
· FFS: more than [1] ms at least for some cases
· FFS the numbers of the slots
· 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
· Both TDM and FDM between short duration PUCCH and long duration PUCCH are supported at least for different UEs in one slot
· The set of the number of symbols for long duration NR-PUCCH in a slot includes {4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14}
· FFS whether or not it depends on the slot type, # of symbols per slot, etc.
· [bookmark: OLE_LINK30][bookmark: OLE_LINK31]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.
· [bookmark: OLE_LINK35][bookmark: OLE_LINK36]Alt2: The duration(s) of long PUCCH in each slot could be different.
In this contribution, our views on long PUCCH over multiple slots are presented.
Discussion
[bookmark: _GoBack]In the RAN1 #88 meeting, it has been agreed that for PUCCH in long duration at least for 1 or 2 UCI bits, the UCI can be repeated within N slots (N>1). But the details are still FSS, for example, repetition scheme, the possible value(s) of N and the mechanism to determine the value of N.
The repetition scheme is an important issue to decide. There are four kinds of slot types in 5G NR. So the type of the aggregated slots may be different.  The available symbols for long PUCCH length in each aggregated slot can vary when UCI transmitting over multiple slots. 
2 alternatives can achieve a total duration of around 1 ms. 
Alt1: The duration of long PUCCH in each slot is the same. 
As shown in Fig 1(a) and (b), a long PUCCH of 14 symbols for UE1 is distributed in 2 slots evenly with 7 symbols in each slot. By this way, the remaining UL symbols can be used for PUSCH or long PUCCH for other UEs (eg.UE2 or UE3). Base station estimates the number of symbols remaining in each aggregated slot.  In Fig. 1 (a), if the base station can not predict the slot structure after a long time due to the dynamically changing slot structure, the configuration of UE's long PUCCH will be difficult. When the long PUCCH configuration has odd number of symbols across 2 slots, it is obvious that Alt1 can not be used. 
However, for Alt1, long PUCCH is easy to implement slot-based repetition. It is a simple and effective way. Also, Alt1 would be better scheme for resource allocation in the time domain. If the base station always defines an even number of long PUCCH symbols across slots, Alt1 will be still be feasible solution. Long PUCCH do not need to support a arbitrary number of symbols over multiple slots, considering coverage enhancement requires coarse granularity.
Alt2: The duration(s) of long PUCCH in each slot could be different.
Alt2 has a greater degree of flexibility than Alt1. For some extend it Alt1 can be looked as a special case of Alt2. 
Alt2a: For the a long PUCCH, the difference between the number of symbols in each aggregated slot does not exceed 1.
For the Alt2a, the long PUCCH symbols can be uniformly distributed as much as possible in multiple slots. The joint detection performance among slots can be optimized due to relatively similar structures/durations are used.
For Alt2a, its resource allocation could be also difficult in the time domain. The number of symbols will be flexible. It may also be necessary to specify the rules to calculate the number of symbols in each slot.
Alt2b: For the allocated slot, the long PUCCH always occupies all the UL symbols in each slot except the last slot and the first slot.
In the first slot, the starting position of the long PUCCH is indicated. In the last slot, the end position of the long PUCCH is calculated based on the total number of long PUCCH symbols. In addition, in the last slot, the long PUCCH has at least two symbols and at least one symbol is DMRS for the decoded long PUCCH with not more than 2 bits UCI.
For long PUCCH for greater than 2 bits UCI, we think that the long PUCCH needs to be encoded as a whole and then map to all long PUCCH symbols to address the large difference of OFDM symbols among slots. Repeating the PUCCH contents in each slot would be infeasible due to the large difference. 
For Alt2b, resource allocation in the time domain may be relatively simple. Parameters include: start slot, total symbol number, start symbol in the start slot. The long PUCCH occupies the UL symbol starting from the indicated start symbol, occupying all UL symbols consecutively until the number of symbols satisfies the configuration value.



Figure1 Different repetition schemes
Based on the discussion above, we have the following proposal. 
Proposal 1:  
For long PUCCH over multiple slots, the following ALt1, Alt2a and Alt2b can be considered
Alt1: The duration of long PUCCH in each slot is the same. 
Alt2a: For the a long PUCCH, the difference between the number of symbols in each aggregated slot does not exceed 1.
Alt2b: For the allocated slot, the long PUCCH always occupies all the UL symbols in each slot except the last slot and the first slot.
NR use Alt1 for better supporting of repetition. 
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, we believe that keeping slots uniform in the frequency domain resource is the simplest and most efficient. The intra-slot frequency hopping should be configurable according to the long PUCCH duration and the performance requirement. If it is disabled, the inter-slot frequency hopping should be used to achieve the sufficient frequency diversity, which results in the difference in frequency domain of resource among each aggregated slot. Here, the difference is a fixed offset related to the frequency hopping pattern.
Proposal 2: 
For long PUCCH over multiple slots:
The PUCCH resource allocation in each aggregated slot can be uniform.
The inter-slot frequency hopping should be supported if intra-slot is disabled and configurable.
Conclusion
Based on the analysis given above, we have the following proposals regarding long PUCCH over multiple slots:
Proposal 1:  
For long PUCCH over multiple slots, the following ALt1, Alt2a and Alt2b can be considered
Alt1: The duration of long PUCCH in each slot is the same. 
Alt2a: For the a long PUCCH, the difference between the number of symbols in each aggregated slot does not exceed 1.
Alt2b: For the allocated slot, the long PUCCH always occupies all the UL symbols in each slot except the last slot and the first slot.
NR use Alt1 for better supporting of repetition. 
Proposal 2: 
For long PUCCH over multiple slots:
The PUCCH resource allocation in each aggregated slot can be uniform.
The inter-slot frequency hopping should be supported if intra-slot is disabled and configurable.
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