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Introduction
During discussion in RAN1#92 meeting, the regulation requirements in unlicensed spectrum, such as listen-before-talk (LBT) and occupied channel bandwidth (OCB), were discussed. For NR-U, it should be studied on how to meet the requirement on different channels and signals. In this contribution, SS/PBCH block waveform is discussed to meet the OCB requirement. 
Discussion
In NR, both SS/PBCH block transmission alone and SSB transmission with PDSCH will happen. DRS transmission is an example that SS/PBCH block without PDSCH is transmitted. In LAA system, CRS as a DRS is spread over the entire carrier bandwidth. The OCB requirement can be satisfied. In NR, there is no wideband reference signals. SS/PBCH block only has 20 PRBs in frequency domain, which is lower than 5MHz. If we assume 20 MHz bandwidth for an unlicensed carrier, the OCB requirement cannot be satisfied in case of SS/PBCH block alone transmission. In NR-U, it is proposed to meet OCB requirement in case of SS/PBCH block alone transmission. 
To meet the OCB requirement, SS/PBCH block waveform can be enhanced to have wider bandwidth. Interlaced structure of SS/PBCH block waveform is not preferred considering complexity and specification efforts. It is better to reuse legacy SS/PBCH block waveform with necessary enhancement. 
Multiple duplicated SS/PBCH blocks can be transmitted together in FDM manner to meet the OCB requirement. All the duplicated SS/PBCH blocks will have the same time index, and can be used for measurement. The following figure 1 shows an example of duplicated SS/PBCH blocks in a cell. 


Figure 1: Duplicated SS/PBCH blocks in frequency domain

For the duplicated SS/PBCH blocks transmission in different cells, the PRBs of duplicated SS/PBCH blocks can be shifted with each other to reduce interference. 



Figure 2: Duplicated SS/PBCH blocks in different cells with frequency shift

Another method to address OCB requirement is to use larger subcarrier space for the SS/PBCH blocks that are transmitted alone. That is, for an unlicensed band, the SCS of SS/PBCH block is flexible in different transmission scenario. 
In NR licensed operation, the transmission of SS/PBCH blocks and RMSI PDCCH are multiplexed. Three multiplexing patterns are shown in figure 3. In case of standalone operation for NR unlicensed, study is needed on how to meet OCB requirement in case of multiplexing of SS/PBCH blocks and RMSI PDCCH in frequency domain, such as pattern 3.  

[image: ]
[bookmark: _Ref506622445]Figure 3: Multiplexing patterns of SS/PBCH and RMSI transmission

As discussed above, SS/PBCH waveform can be enhanced to meet OCB requirement in different transmission cases. It is proposed to study SS/PBCH block waveform in NR-U.
Proposal: In NR-U, SS/PBCH block waveform should be enhanced to meet the OCB requirement in different transmission cases of SS/PBCH block. 

Conclusion
In this contribution, SS/PBCH block waveform is discussed to meet the OCB requirement. It is proposed to study on how to enhance the SS/PBCH block waveform to meet the OCB requirement. 
Proposal: In NR-U, SS/PBCH block waveform should be enhanced to meet the OCB requirement in different transmission cases of SS/PBCH block.
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