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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]For the sequence hopping, following was agreed in RAN1#91 [1].
Agreements:
· For PUCCH formats 0, 1, 3 & 4, slot-level base sequence hopping as in LTE is reused.
· FFS details especially regarding slot indexing considering the difference between NR and LTE
· Slot-level base sequence hopping for PUCCH format 3 and 4 is a function at least based on a configurable ID, similarly as agreed for PUCCH format 0 and 1.
· Note that: the configurable ID is already agreed for PUCCH base sequence hopping
· FFS: whether and how to support symbol-level base sequence hopping

Agreements:
· For PUCCH format 0 & PUCCH format 1, symbol-level cyclic shift hopping as in LTE is reused
· FFS details especially regarding symbol indexing and slot indexing considering the difference between NR and LTE
· Symbol-level cyclic shift hopping is a function at least based on a configurable ID
· Note that: the configurable ID is already agreed for PUCCH base sequence hopping

Agreements:
· For PUCCH format 3 & PUCCH format 4, symbol-level cyclic shift hopping as in LTE is reused
· FFS details especially regarding symbol indexing and slot indexing considering the difference between NR and LTE
· Symbol-level cyclic shift hopping is a function at least based on a configurable ID
· Note that the configurable ID that is already agreed for PUCCH base sequence hopping is reused.

This contribution discusses remaining issues on PUCCH base sequence hopping.
Discussion
In LTE, slot-level base sequence hopping is applied by using u = (fgh(ns) + fss) mod 30, where u is the base sequence number, ns is slot number (0~19), fgh(ns) is hopping pattern, and fss is sequence shift pattern. There are 17 different hopping patterns and 30 different sequence-shift patterns. 
In current description of NR specification TS38.211, slot-level base sequence hopping is applied by using u = (fgh + fss) mod 30, where u is the base sequence number, fgh is hopping pattern, and fss is sequence shift pattern. There are 33 different hopping patterns and 30 different sequence-shift patterns. There would be following difference from LTE. 
1) Number of cell ID or number of configurable ID is increased to around 1000 (around 500 in LTE). 
2) Number of slots in one frame is 10 slots for subcarrier spacing = 15 kHz, 20 for 30 kHz, 40 for 60 kHz, 80 for 120 kHz, 160 for 240 kHz, and 320 for 480 kHz. 
3) Hopping time unit is 1 slot = 14 symbols in NR, while it is 7 symbols in LTE
On 1) and 2), comparing LTE and NR with 15 kHz subcarrier spacing, although the number of slots in one frame for NR is half of that for LTE, the number of hopping patterns for NR is double of that for LTE. Therefore, from system perspective, there would be no big difference on the base sequence collision probability among different cells/TRPs even if NR has slot-level base sequence hopping only. From a UE perspective, HARQ-ACK transmission for initial transmission and for retransmission(s) should avoid continuous collision of the sequence. For long-PUCCH (PUCCH format 1, 3, and 4), slot-level base sequence hopping can be sufficient as retransmission happens in the different slot. On the other hand, for short-PUCCH (PUCCH format 0) with non-slot scheduling, initial transmission and retransmission can be within the same slot. In this case, continuous collision of base sequence could degrade the performance. In addition, multiple SRs in a slot also should avoid continuous collision of the sequence.
On 3), from single slot transmission perspective, NR would have less randomization effect than LTE for 15 kHz subcarrier spacing if NR has slot-level base sequence hopping only.
Based on above consideration, we think following alternatives (also illustrated in Fig.1) could be considered for base sequence hopping.
· Alt.1: Slot-level base sequence hopping for both short-PUCCH and long-PUCCH (No change from current description of NR specification TS38.211 and no additional agreement are required.)
· Alt.2: Symbol-level base sequence hopping for short-PUCCH and slot-level base sequence hopping for long-PUCCH
· Alt.3: Basically, symbol-level base sequence hopping is applied for both short-PUCCH and long-PUCCH. For long-PUCCH, the same base sequence is used within OCC period or within a hop.
Alt.1 might be sufficient since the hopping pattern could be manageable by configurable ID. On the other hand, in case that the management of configurable ID is not possible, Alt. 2 and 3 could avoid the continuous collision of the sequence among initial transmission and retransmission(s) for short-PUCCH and keep the similar randomization effect as LTE from single slot transmission perspective. Therefore, we propose:
Proposal: Apply either Alt.2 or Alt.3 as base sequence hopping for NR PUCCH.
· Alt.2: Symbol-level base sequence hopping for short-PUCCH and slot-level base sequence hopping for long-PUCCH
· Alt.3: Symbol-level base sequence hopping is applied for both short-PUCCH and long-PUCCH. For long-PUCCH, the same base sequence is used within OCC period or within a hop.

[image: ]
(a) Alt.1 Slot-level base sequence hopping for both short-PUCCH and long-PUCCH

[image: ]
(b) Alt.2 Symbol-level base sequence hopping for short-PUCCH and slot-level base sequence hopping for long-PUCCH

[image: ]
(c) Alt.3 Symbol-level base sequence hopping is applied for both short-PUCCH and long-PUCCH. For long-PUCCH, the same base sequence is used within OCC period or within a hop.
[bookmark: _GoBack]Fig.1 Alternatives on base sequence hopping

Conclusion
In this contribution, we discussed base sequence hopping for NR PUCCH. We have the following proposal:
Proposal: Apply either Alt.2 or Alt.3 as base sequence hopping for NR PUCCH.
· Alt.2: Symbol-level base sequence hopping for short-PUCCH and slot-level base sequence hopping for long-PUCCH
· Alt.3: Symbol-level base sequence hopping is applied for both short-PUCCH and long-PUCCH. For long-PUCCH, the same base sequence is used within OCC period or within a hop.
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