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1. Introduction
Now 3GPP has started Study Item on NR-based access to Unlicensed Spectrum [1] (NR-U) which aims to identify and evaluate technical solutions for next generation wireless systems operating on both sub 6GHz and above 6GHz unlicensed bands. In the previous Ad-Hoc meeting, RAN2 agreed the followings regarding NR-U: 
	R2 assumes that recurring transmissions of SSB/PBCH and RMSI will be available, but possibly with reduced opportunities due to LBT (details pending R1 decisions)



In this contribution, we would like to discuss the problems and potential solutions and techniques considered for NR-U operation, especially with synchronization signal transmission and reception.

2. Discussion
As discussed and agreed in the previous RAN2 meeting, NR-U supports the ‘recurring transmissions of SSB/PBCH and RMSI’ which is the essential components to support stand-alone NR-U operations. However, due to the shared aspect of unlicensed spectrum, NR-U gNB/ UE may needs to perform listen-before-talk, LBT, which requires additional effort and contention to access the channel. Even if the channel is scheduled to be used for a specific NR-U UE, the channel maybe occupied or interrupted with other unlicensed using devices such as WLANs or Bluetooths. Hence, NR-U cannot guarantee a fixed periodicity of such ‘recurring transmissions of SSB/PBCH and RMSI’, which eventually may needs to modify the SSB/PBCH and RMSI transmission and reception algorithms. Even further, we may need to modify the SSB/PBCH and RMSI design. 

In LTE LAA, the measurement is performed in the manner of one-shot measurement using DRS over DMTS. However, unlike DRS, the SSB, PBCH, and RMSI need to be transmitted ‘recursively’, in order to support stand-alone NR-U UEs to find and measure the NR-U cells. Considering LBT, each transmission requires additional waiting time which the LBT needs to be completed successfully. Hence, as shown in the below figure, the ‘periodicity’ now cannot guarantee the exact tx/rx timing of each SSB/PBCH and RMSI. 
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Figure 1. Recursive SSB/PBCH and RMSI transmissions in NR-U with LBT.

In worst case scenarios, the LBT could be extended too long that the SSB cannot properly transmitted in one periodicity duration, as shown in the below Figure 2.
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Figure 2. Missed SSB/PBCH and RMSI transmission due to busy medium.

From the above figures, we can identify the following problems which need to be solved:
· Unpredicted timing of SSB/PBCH transmission and reception
· LTE and NR support fixed OFDM symbol locations of PSS/SSS/ and PBCH. However, due to the unpredictable SSB/PBCH transmission timing in NR-U, the fixed symbol locations for PSS/SSS and PBCH is no longer efficient solution.

· Missed SSB/PBCH/ and RMSI transmission
· Due to the shared spectrum aspect, NR-U cannot guarantee SSB/PBCH and RMSI transmission in each periodicity. As in figure 2, if the channel is occupied, the SSB/PBCH and RMSI could be missed and NR-U UE needs to take this possibility into account. 

· Whether to allow the unlimited LBT
· Even though LBT is needed for SSB/PBCH/and RMSI transmission, each LBT cannot guarantee successful transmission of SSB/PBCH/and RMSI in each transmission period. 

In order to support ‘recurring transmissions of SSB/PBCH and RMSI’ in NR-U, the above problems needs to be solved. Therefore, propose to study the above problems in NR-U study item and work item phase. 

Proposal 1: RAN2 needs to identify the following issues to be solved in order to support recurring SSB/PBCH and RMSI transmission and reception. 
· Unpredicted timing of SSB/PBCH transmission and reception
· Missed SSB/PBCH/ and RMSI transmission
· Whether to allow the unlimited LBT

2 Conclusion
Based on the above, RAN2 is requested to discuss and if possible agree on the following proposal:

Proposal 1: RAN2 needs to identify the following issues to be solved in order to support recurring SSB/PBCH and RMSI transmission and reception. 
· Unexpected timing of SSB/PBCH transmission and reception
· Missed SSB/PBCH/ and RMSI transmission
· Whether to allow the unlimited LBT

References
[1] RP-170828, “New SID on NR-based Access to Unlicensed Spectrum”, Qualcomm.

image3.png
..)(. ......................................................................
periodicity periodicity




image2.png
SSB/PBCH
/RMS

SSB/PBCH
/RMS

<. ......................................................
periodicity





