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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. Here two repetition schemes are provided.
Scheme1: Long PUCCH symbols are uniformly distributed among the aggregated slots. 
When long PUCCH crosses multiple slots, the long PUCCH symbols should be uniformly distributed as much as possible in multiple slots. For example, if a long PUCCH of 12 symbols spans over 2 slots, the 12 symbols can be evenly distributed in 2 slots like Figure 1(a). And each slot has a 6-symbol long PUCCH. In this way, each slot can use a relatively unified design. The joint performance of the long PUCCH among slots can reach to the best due to a good balance of performance in each slot. 
The long PUCCH symbol can be determined by the number of aggregated slots and the number of symbols in each slot. 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.
Scheme2: Long PUCCH symbols are sequentially distributed on the available UL symbols. 
If the long PUCCH crosses multiple slots, the symbols of the long PUCCH can also be sequentially distributed on the available UL symbols from the starting symbol afterward. An example is shown in Figure 1(b). Here, the starting symbol and the length are indicated by the gNB. 
For Scheme 2, it is easy to make the number of symbols unbalanced among the aggregated slots. As shown in Figure 1(b), only 2 symbols are located on the second slot. Comparing to the 10 symbols in the first slot, the quite unbalanced distribution would lead to a degradation on the joint performance. Even possibly, only one symbol may present in the second slot. This symbol would simply be wasted due to the lack of DMRS. Then restrictions should be imposed on gNB to avoid such scheduling. That means the flexibility of the length of long PUCCH is lost. 

Figure1 Different repetition schemes
Based on the discussion above, we have the following proposal. 
Proposal 1:  For long PUCCH transmission across multiple slots, long PUCCH symbols are uniformly distributed among the aggregated slots.
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 number of symbols in each basic unit is defined as 4, then 4 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 shall be decided after determining the structure of long PUCCH in one slot. 
[bookmark: _GoBack]Conclusion
Based on the analysis given above, we have the following proposals:
Proposal 1: For long PUCCH transmission across multiple slots, long PUCCH symbols are uniformly distributed among the aggregated slots.
Proposal 2: The number of slots for multiple transmission of long PUCCH shall be decided after determining the structure of long PUCCH in one slot. 
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