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1 Introduction
In RAN1#92, there are some agreements on deployment scenarios of NR-U as follows.
Agreement:
Study the additional functionality needed beyond the specifications for operation in licensed spectrum in the following deployment scenarios. 

· Carrier aggregation between licensed band NR (PCell) and NR-U (SCell)
·   NR-U SCell may have both DL and UL, or DL-only.

· Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)

· Stand-alone NR-U
· An NR cell with DL in unlicensed band and UL in licensed band
· Dual connectivity between licensed band NR (PCell) and NR-U (PSCell)
In this paper, we discuss high level issues regarding to potential impact of LBT on Minimum System Information broadcasting to UE.  We think this issue is important for RAN2 and it is related to both NSA and SA scenarios.  Some high-level observations are provided.
2 Background and Importance of MSI broadcasting in NR-U
In the ongoing NR WI, Minimum System Information (MSI) broadcasting is being developed and there are good progress till RAN2#101.  So far, MIB content has been almost fixed and SIB1 content ASN.1 is being reviewed.  For other SIs, RAN2 has very good progress and SIB2 to SIB9 has been agreed in principle.

In general, we think that MSI broadcasting is very important feature for both NR licensed and NR unlicensed because without receiving MSI broadcasting including MIB and SIB1 from gNB, UE can not perform initial access.

Observation 1 MSI broadcasting and reception is very important feature for NR-U which should be discussed in RAN2 early during study item.

According to the guidance from NR-U WID, unnecessary divergence from NR licenced should be avoided.  Thus, we think the agreements in NR licensed should be regarded as starting point.  On the other hand, due to LBT, it is unavoidable that SSB which contains synchronization signal and MIB may be impacted.  Thus, we think NR-U MSI mechanism should take NR licensed as starting point but also consider the impacts of LBT.  Thus, we have the following proposals.
Proposal 1 RAN2 discuss the MSI broadcasting and reception early in study item.

Proposal 2 For MSI broadcasting and reception in for NR-U, agreements in NR WID should be taken as starting point and potential enhancements due to impact of LBT should be considered.
3 Potential Impacts of LBT on SSB broadcasting and reception
Although RAN1 have not yet made a lot of agreements on detailed solutions on SSB transmission due to LBT, but we think RAN2 should discuss this issue from higher layer perspectives.  In our view, from high layer and UE perspectives, one essential question is whether the received SSB still timing synchronized.  If upon LBT, gNB decides to drop the SSB or defer the SSB which is to be decided by RAN1, UE higher layer should be aware.  A SSB which is timing synchronized can be used for synchronization(e.g. get the SFN), RLM and RRM measurement but a deferred SSB may cause incur some differences.

Observation 2 Depending on whether SSB is deferred or dropped due to LBT, which is to be decided by RAN1, UE higher layer needs to be aware if the SSB is deferred or not to support functions like RLM and RRM measurement.

Observation 3 For a SSB which is not deferred due to LBT, it can be used by UE as the way in NR licensed for timing, RLM and RRM measurement.
In our view, if the SSB is deferred, then the timing is changed.  If UE can still receive the SSB within the Time Frequency resources, the timing info carried by this SSB may not be valid.  If the deferred time can be indicated to the UE as an offset, UE can derive the original timing.  In such case, the synchronization function can still be supported for the deferred SSB.  However, if the deferred time is not indicated to the UE, the timing function can not be supported.
Observation 4 For a deferred SSB, if the deferred time is not indicated and UE can not derive the original timing, the synchronization function of this SSB can not be supported.
However, for RLM and RRM measurement, a deferred SSB which original timing is unknown may still be used if the defer time is not too big e.g. less than the SSB periodicity.  In our view, if one SSB is deferred for more than SSB periodicity, there is no need for gNB to send it or for UE to receive it because there would be a new SSB to be delivered.
Observation 5 For one SSB is deferred for more than SSB periodicity, there is no need for gNB to send it or for UE to receive it because there would be a new SSB to be delivered.
4 Potential Impacts of LBT on SIB1 broadcasting and reception
When SSB may be deferred, one basic question is whether the indication of PDCCH resource for SIB1 needs to be updated or not.  If the PDDCH resource for SIB1 is updated, then it means different MIB repetitions may have different contents thus these repetitions can not be combined.  However, if the PDCCH resource for SIB1 is not updated, UE have to be able to derive the deferred time e.g. an offset in time domain.  Otherwise, PDCCH resource for SIB1 is able to help UE to acquire the SIB1 in PDSCH.

Observation 6  For one SSB is deferred, UE may need to know the deferred time in order to correct the PDCCH resource for SIB1 in order to read the SIB1 in PDSCH.

Another issue is that if that after gNB send out one SSB, due to MCOT restriction, gNB need to perform LBT to transmit SIB1 in PDSCH.  In such case, it is possible that even UE get the correct PDCCH resource for SIB1, it still can not obtain SIB1 in PDSCH. To solve this issue, we think one possible way is to increase the SIB1 repetitions or allow deferred PDSCH SIB1 reception which means UE needs monitor the PDSCH for SIB1 reception with a larger window.

Observation 7  For SIB1 reception, after UE gets the correct PDCCH resource for SIB1, it may not be able to obtain SIB1 in PDSCH due to LBT for PDSCH transmission.   It seems necessary to increase the SIB1 repetitions or allow deferred PDSCH SIB1 reception which means UE needs monitor the PDSCH for SIB1 reception with a larger window.
Proposal 3 RAN2 to discuss whether to increase the SIB1 repetitions or allow deferred PDSCH SIB1 reception which means UE needs monitor the PDSCH for SIB1 reception with a larger window in involve RAN1 when necessary.
5 Conclusion

In this contribution, we discuss the impact of LBT on Minimum System Information broadcasting to UE and we have the following observations and proposals.
Observation 1 MSI broadcasting and reception is very important feature for NR-U which should be discussed in RAN2 early during study item.

Observation 2 Depending on whether SSB is deferred or dropped due to LBT, which is to be decided by RAN1, UE higher layer needs to be aware if the SSB is deferred or not to support functions like RLM and RRM measurement.

Observation 3 For a SSB which is not deferred due to LBT, it can be used by UE as the way in NR licensed for timing, RLM and RRM measurement.
Observation 4 For a deferred SSB, if the deferred time is not indicated and UE can not derive the original timing, the synchronization function of this SSB can not be supported.
Observation 5 For one SSB is deferred for more than SSB periodicity, there is no need for gNB to send it or for UE to receive it because there would be a new SSB to be delivered.
Observation 6 For one SSB is deferred, UE may need to know the deferred time in order to correct the PDCCH resource for SIB1 in order to read the SIB1 in PDSCH.

Observation 7 For SIB1 reception, after UE gets the correct PDCCH resource for SIB1, it may not be able to obtain SIB1 in PDSCH due to LBT for PDSCH transmission.   It seems necessary to increase the SIB1 repetitions or allow deferred PDSCH SIB1 reception which means UE needs monitor the PDSCH for SIB1 reception with a larger window.

Proposal 1 RAN2 discuss the MSI broadcasting and reception early in study item.

Proposal 2 For MSI broadcasting and reception in for NR-U, agreements in NR WID should be taken as starting point and potential enhancements due to impact of LBT should be considered.
Proposal 3 RAN2 to discuss whether to increase the SIB1 repetitions or allow deferred PDSCH SIB1 reception which means UE needs monitor the PDSCH for SIB1 reception with a larger window in involve RAN1 when necessary.
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