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Introduction
In the last several meetings, the following agreements have been made [1][2][3];
· 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.
In this contribution, our views on long PUCCH over multiple slots are presented.
Discussion
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. Of course, the long PUCCH length in each aggregated slot can vary when UCI transmitting over multiple slots. 
In order to achieve a total duration of [1] ms at least, the simplest scheme is as follows. The number of aggregated slots is directly determined. In each slot, all available UL symbol will be used for long PUCCH. As shown in Fig 1(a), long PUCCH of UE1 is transmitted over two slots, and spanning all available UL symbols in each slot. The total duration of long PUCCH for UE1 is 22 symbols, which may be larger than the coverage requirement. In this scheme, resource may be wasted because of the unnecessary symbols transmitting long PUCCH.
In order to reduce the resource waste, the alternative way is to allocate long PUCCH over multiple slots based on the coverage requirement. The long PUCCH symbols should be uniformly distributed as much as possible in multiple slots. The joint performance among slots can reach to the best due to a good balance of performance in each slot when a relatively unified design is used. As shown in Fig 1(b) and (c), a long PUCCH of 14 symbols for UE1 is distributed in 2 slots evenly with 7 symbols in each slot. In this way, the left UL symbols can be used for PUSCH or long PUCCH for other UEs (eg.UE2 or UE3). As discussed in our companion contribution [4], the end of the long PUCCH in each slot shall align at the last UL symbol in the slot except for short PUCCH symbols if any.


Figure1 Different repetition schemes
Based on the discussion above, we have the following proposal. 
Proposal 1:  
For long PUCCH over multiple slots, there are two options can be considered:
Option1: The slot number for UCI repetition is firstly determined. In each slot, all available UL symbols will be used for long PUCCH.
Option2: Long PUCCH duration is firstly determined. The long PUCCH is divided into multiple slots evenly.
It was agreed that the long PUCCH in a slot ranges from 4 to 14. However, the available UL symbols in one slot may be usually less than 14. In order to enhance the coverage, long PUCCH across multiple slots is allowed to aggregate to a longer length. Therefore the number of the aggregated slots should depend on the final long PUCCH structure defined for a slot. More specifically, as discussed in our companion contributions [4][5], a repeating structure based on basic units is proposed. Then the number of the aggregated slots should depend on the minimum number of symbols in the basic unit defined in one slot. For example, if the long PUCCH duration is 14 symbols and each basic unit is defined as 7 symbols, then 2 slots used for aggregating is a reasonable choice. Thus the number of slots shall be decided after determining the structure of long PUCCH in one slot. 
Proposal 2: 
The number of slots for multiple transmission of long PUCCH can be decided after determining the structure of long PUCCH in one slot. 
For the resource allocation, time and frequency domain should be considered firstly.
(1) Resource in time domain including start position and the duration
For Option1, the time domain of resource can be indicated implicitly by the slot type and vary with the existence of the DL region, Gap, short PUCCH and SRS. For Option2, the start position of long PUCCH in each aggregated slot can be the same or varying with the same duration. The flexible scheduling can be achieved due to the separately configuration with varying resource allocation in each slot.
(2) Resource in frequency domain 
For both Option1 and Option2, the frequency domain of resource can be the same or different. 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 3: 
For multi-slot PUCCH：
The PUCCH resource allocation in each aggregated slot can be uniform or varying.
The inter-slot frequency hopping should be supported and configurable.
[bookmark: _GoBack]Conclusion
Based on the analysis given above, we have the following proposals:
Proposal 1:  
For long PUCCH over multiple slots, there are two options can be considered:
Option1: The slot number for UCI repetition is firstly determined. In each slot, all available UL symbols will be used for long PUCCH.
Option2: Long PUCCH duration is firstly determined. The long PUCCH is divided into multiple slots evenly.
Proposal 2: 
The number of slots for multiple transmission of long PUCCH can be decided after determining the structure of long PUCCH in one slot. 
Proposal 3: 
For multi-slot PUCCH：
The PUCCH resource allocation can be uniform or varying in each aggregated slot.
It is enough to enable one type frequency hopping between intra-slot and inter-slot.
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