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Introduction
During discussion in RAN1#92bis meeting, some issues on channel access on NR-U were discussed. In NR-U, the channel transmission may be interrupted by CCA failure. The initial access procedure is discussed in [1]. It is proposed to enhance SS/PBCH block transmission on NR-U. SSB transmission is necessary in both NSA and SA scenario of NR-U. In this contribution, we focus on the discussion of SS/PBCH block transmission on NR-U. 
Discussion
SS/PBCH block is the only always-on signal in NR. It is important for synchronization, measurement, beam management, and so on. In NR-U, LBT should be performed before transmission via unlicensed carrier. The periodically transmission of SS/PBCH block may be interrupted due to LBT failure. If it happens, gNB has to wait for the next period arrival before it can transmit the interrupted SS/PBCH block with index i. 



Figure 1 SS/PBCH transmission with LBT

In NR, SS/PBCH block transmission should follow the configured pattern, because the SS/PBCH block time index is associated with timing information and resources of other channels. This is essential procedure, especially in a standalone carrier. However, the opportunity of SS/PBCH block transmission will be reduced due to LBT failure in NR-U. As shown in the figure 1, if LBT failure happens, gNB has to skip the SS/PBCH block transmission at the pattern. UE has to blindly search the SS/PBCH block for RRM measurement, RLM. If several successive SS/PBCH blocks are missed by UE due to LBT failure at gNB, it will have impacts on measurement through SS/PBCH block due to delay of measurement results acquirement, since the measurement is usually associated with a higher layer time window. 
Considering the importance of SS/PBCH block for measurement, it should be enhanced to guarantee the opportunity of the SS/PBCH block transmission on NR-U. The opportunity of SS/PBCH block should be increased to compensate the lost transmission chance due to LBT failure. To achieve this, shorter periodicity can be used. But this will bring higher overhead of SS/PBCH block, when the probability of LBT success on the unlicensed band is high. So simply configuring shorter periodicity to increase opportunity of the SS/PBCH block transmission is not an optimized way. The additional occasions of SS/PBCH block transmission should be introduced other than the configured periodical SS/PBCH block pattern. The SS/PBCH block pattern in additional occasions can reuse the SS/PBCH block pattern within 5ms time window. The relationship between SS/PBCH block index and timing information will be maintained. 
Proposal 1: SS/PBCH block transmission on NR-U is enhanced to address the opportunistic transmission with LBT.



Figure 2 SS/PBCH transmission with additional opportunity

An example is shown in the figure 2. In a SS/PBCH block periodicity, there are two opportunities for a SS/PBCH transmission. If one of them is failed due to LBT failure, the other one can be responsible for the transmission. Therefore, the actual transmission patterns of SS/PBCH block may be not fixed with opportunistic transmission. 
Proposal 2: Additional occasions of SS/PBCH block transmission are introduced other than the legacy periodical SS/PBCH block pattern. The patterns of additional SS/PBCH block transmission reuse the legacy patterns in a half frame. 

Conclusion
In this contribution, SS/PBCH block transmission on NR-U is discussed. The following are proposed.
Proposal 1: SS/PBCH block transmission on NR-U is enhanced to address the opportunistic transmission with LBT.
Proposal 2: Additional occasions of SS/PBCH block transmission are introduced other than the legacy periodical SS/PBCH block pattern. The patterns of additional SS/PBCH block transmission reuse the legacy patterns in a half frame. 
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