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1	Introduction
Rel-14 NR study item [1] has been closed and a new Rel-15 WI dealing with New Radio Access Technology [2] has been approved. The work item targets to specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low-latency-communication (URLLC) as defined in [3]. The NR under this work item considers frequency ranges up to 52.6 GHz.
This contribution relates to 2-symbol short PUCCH design in NR. We provide our views related to short PUCCH design for small UCI payload as well as for UCI more than 2 bits in companion contributions [4], [5]. In RAN1 89 and NR Ad-Hoc #3 meetings, the following agreements related to 2-symbol short PUCCH were made:
Agreements for 2-symbol NR-PUCCH in RAN1#89 include [6]:
· Frequency hopping is supported at least for localized (contiguous) PRB allocation in each symbol
· FFS for distributed (non-contiguous) PRB allocation
Agreements for 2-symbol NR-PUCCH in RAN1 NR Ad-Hoc #3 include [7]: 
· For two-symbol short-PUCCH with up to 2 UCI bits, sequence hopping between the two symbols is supported.
· FFS: The details of sequence hopping. 
· For one or two symbol(s) short-PUCCH for UCI of more than 2 bits, the encoded bits are scrambled.
· FFS on the scrambling initialization for the encoded bits
2.	Discussion
Efficient inter-cell interference randomization is an important aspect of control channel design. Control channel should provide robust performance under varying interference conditions, as the control channel payload is latency critical and hence cannot benefit from e.g. HARQ. Correspondingly, it was agreed in RAN1#88 [8] that “for a given UCI payload, short-PUCCH is designed such that […] interference randomization should be enabled […]”.
LTE supports several randomization mechanisms that can also be used to randomize inter-cell interference. Randomization solutions defined in LTE include data scrambling, sequence hopping, and hopping of the cyclic shift of spreading sequence. In RAN1 NR#3, data scrambling and sequence hopping were agreed for PUCCH format 2 and 2-symbol PUCCH format 0, respectively. In addition to these, we see that cyclic shift hopping should be supported for PUCCH format 0. The cyclic shift hopping pattern should depend at least on a configurable ID, slot number and symbol number.   
[bookmark: _Hlk498032799][bookmark: _Hlk498688417]Proposal 1: Cyclic shift hopping, depending at least on a configurable ID, slot number and symbol number, is supported for short PUCCH supporting UCI up to 2 bits. 
[bookmark: _Hlk489822301][bookmark: _Hlk494376321]It may be only few of the UEs on neighbouring cells that cause significant interference to the detection of UL control channel. The drawback of the mentioned approaches is that an UE causing significant interference keeps interfering the transmission from the same victim UE throughout the transmission, and frequently also in the following transmissions. Hence, there is need for randomization between short PUCCH resources among neighbouring cells especially in the case of 2-symbol short PUCCH. This can be based e.g. on the cell-specific pseudo-random hopping or variation of short PUCCH resource units between OFDM symbols. For example, symbol-wise frequency hopping pattern needs to be composed of two elements: 1) non-random hopping that ensures proper frequency diversity within slot via wide enough hops 2) pseudo-random hopping that randomizes interference between cells. This can be e.g. cell-specific, slot dependent PRB offset applied on top of frequency hopping short PUCCH resources as illustrated in Figure 1. For example, the PRB used in transmission, , may be given by , where  is the higher layer configured PRB index,  is random PRB offset depending on cell ID as well as on slot index and  limits the short PUCCH PRB region. The frequency hop in PRBs should be considerably smaller than  so that frequency hops of single PUCCH do not end up too close each other in frequency after the modulo operation.
Proposal 2: 	In the case of 2-symbol short PUCCH, the cell specific resource hopping is used to provide interference randomization within a slot.
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Figure 1. Cell specific PUCCH resource hopping providing interference randomization for 2-symbol PUCCH.
3.  Conclusions
In this contribution we have considered design for 2-symbol short PUCCH. Based on the discussion, we make the following proposals:
Proposal 1: Cyclic shift hopping, depending at least on a configurable ID, slot number and symbol number, is supported for short PUCCH supporting UCI up to 2 bits. 
[bookmark: _Hlk494379328]Proposal 2: 	In the case of 2-symbol short PUCCH, the cell specific resource hopping is used to provide interference randomization within a slot.
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