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1. Introduction
In this contribution, remaining issue for short-PUCCH is discussed.
2. Base-sequence hopping
2.1. Symbol-level vs. slot-level
In RAN1#91, slot-level base-sequence hopping was agreed, and whether and how to support symbol-level base sequence hopping was FFS. As shown in figure 1, in LTE PUCCH, the base-sequence was hopped on each frequency hopping. It is because we should avoid a situation that the same base sequences are used on both frequency hopping on around cells. So as to maintain a robustness of inter-cell interference with LTE PUCCH, we believe the base sequence should be hopped on each symbol, otherwise on each frequency hopping.
[image: ]
Fig. 1  Base-sequence hopping of LTE/NR PUCCH.

However, if we adopt symbol-level base-sequence hopping to all PUCCH formats, there is a problem. Since PUCCH format 1 adopts time-domain OCC, the same base-sequence should be used within the same time-domain OCC. To avoid this problem, following two approaches can be considered:
· Alt. 1: different base-sequence hopping is applied for short-PUCCH and long-PUCCH
· for short-PUCCH, symbol-level base-sequence hopping 
· for long-PUCCH, slot-level base-sequence hopping
· Alt. 2: the same base-sequence hopping is applied for both PUCCH formats, but for long-PUCCH, the same base-sequence is used within the same time-domain OCC
· for short-PUCCH, symbol-level base-sequence hopping 
· for long-PUCCH, symbol-level base-sequence hopping, but the same base-sequence is used within the same time-domain OCC

If we adopt Alt. 1, two different base-sequence hopping rules should be specified and it will complicate the spec. So, our preference is Alt. 2. 
In RAN1#91, there was a proposal of Alt. 2 [2]. Figure 2 shows an example of Alt. 2; the base-sequence of each frequency hopping is calculated according to the first index of the each frequency hopping. This proposal enables to communalize base-sequence hopping of all PUCCH formats and to use different base-sequence on each frequency hopping.

Proposal 1:
· Symbol-level base sequence hopping should be supported
· For short-PUCCH and long-PUCCH, the base-sequence of each frequency hop is calculated according to the first symbol index of the each frequency hop

[image: ]
Fig. 2  Proposed base-sequence hopping (Alt. 2).
2.2. Detail of symbol-level base-sequence hopping




The sequence group number  in the virtual slot , which is initialized as ns = 0 at every pre-determined time (i.e. 10 ms regardless of SCS), on symbol l is defined by a group hopping pattern  and a sequence-shift pattern  according to

,




where the sequence-shift pattern  is given by  and is a configurable ID (e.g. virtual cell ID/cell ID). Sequence-group hopping can be enabled or disabled by cell-specific RRC configuration. The group-hopping patterns  is given by following,

,




where is the number of UL symbols per slot,  is the number of pre-determined scrambling bits, and  is the pseudo-random sequence defined by section 5.2.1 of TS38.211. The pseudo-random sequence generator shall be initialized with  at the beginning of each pre-determined time (i.e. 10 ms regardless of SCS). As shown in above equation, the group hopping can be enabled / disabled in slot/symbol -level. 

3. Conclusion
In this contribution, we proposed the design of PUCCH format 0. Following proposals were made:
Proposal 1:
· Symbol-level base sequence hopping should be supported
· For short-PUCCH and long-PUCCH, the base-sequence of each frequency hop is calculated according to the first symbol index of the each frequency hop
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