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1	Introduction

In the way forward on the RRM requirements for NR-U [1], it was agreed to analyze how to extend TSI-NR.
	SI Reading Time Period in RRC Release with Redirection Requirements and RRC Re-Establishment Requirements
· Analyze how to extend TSI-NR by the next meeting



2	SI acquisition time for RRC Release with Redirection and RRC Re-establishment
SI acquisition time (TSI-NR) is the time required for receiving all the relevant system information according to the reception procedure. SI acquisition time can be divided into MIB acquisition time (TMIB-NR), SIB1 acquisition time (TSIB1-NR), and other SI acquisition time (TSIBx-NR). If we focus on RRC release with redirection and RRC re-establishment, we can assume UE needs to acquire RACH configuration to perform the random access procedure. Since RACH configuration is included in SIB1 and SIB1 scheduling information is provided by MIB, SI acquisition time is defined as TSI-NR, to TSI-NR = TMIB + TSIB1, where TMIB is the MIB acquisition time and TSIB1 is the SIB1 acquisition time.
Observation 1: SI acquisition time for RRC Release with Redirection and RRC Re-establishment procedures, TSI-NR, are given by TSI-NR = TMIB + TSIB1, where TMIB is the MIB acquisition time and TSIB1 is the SIB1 acquisition time.
Proposal 1: Define SI acquisition time for NR-U as TSI_CCA = TMIB_CCA + TSIB1_CCA, where TMIB_CCA is the MIB acquisition time for NR-U and TSIB1_CCA is the SIB1 acquisition time for NR-U. 
3	SI acquisition time for NR-U
Under the unlicensed carrier operation, it is known that gNB cannot transmit SSB if it detects the other system signal (e.g., IEEE 802.11ac, 11ax, etc.) or other NR-U or LTE-LAA nodes, we call it LBT failure. This section discusses the impact of SI acquisition time due to the LBT failure. 
3.1	MIB acquisition time
If we assume the necessary number of PBCH samples to achieve [90]% success rate for MIB acquisition to NMIB, the MIB acquisition time considering LBT failure is given by
TMIB_CCA = TSMTC * GMIB
where TSMTC is SMTC period = [5, 10, 20, 40, 80, 160] (ms), and GMIB = NMIB + M MIB_CCA-failure, where NMIB is the number of PBCH transmissions to achieve [90]% of MIB decoding success rate and M MIB_CCA-failure is the number of LBT failures by the time BS can transmit NMIB PBCH samples. 
Figure 1 is an example when TSMTC=20ms, NMIB=3, and M MIB_CCA-failure =3. In this example, BS cannot transmit 3 PBCH samples by the time it transmits 3 PBCH samples due to the LBT failure (MMIB_CCA-failure =3). With GMIB=6 (3+3), the MIB acquisition time is 20ms*6 = 120ms. 



[bookmark: _Ref19890112]Figure 1	Example of PBCH reception under LBT in the case TSMTC=20ms and NMIB=3 and M MIB_CCA-failure =3.
Figure 2 is another example when TSMTC=160ms, NMIB=3, and MMIB_CCA-failure =1. In this example, BS cannot transmit 1 PBCH sample by the time it transmits 3 PBCH samples due to the LBT failure (M MIB_CCA-failure =1). With GMIB=4 (3+1), the MIB acquisition time is 160ms*4=640ms. 

 
[bookmark: _Ref19890116]Figure 2	Example of PBCH reception under LBT in the case TSMTC=160ms and NMIB=3 and MMIB_CCA-failure=1.

[bookmark: _Hlk24101160]Proposal 2: Set TMIB_CCA = TSMTC * GMIB, where TSMTC is the configured SMTC period and GMIB = NMIB + MMIB_CCA-failure, where M MIB_CCA-failure is the number of LBT failures by the time BS transmits NMIB PBCH samples.
In RRM enhancement WI, RAN4#92bis agreed with the way forward on the number of PBCH samples required for CGI reading in FR1 [2]. According to the way forward, RAN4 agreed to assume [5] PBCH samples. Since NR-U reuses the same PBCH structure, we think this number can use reused for NR-U MIB acquisition requirements.  
Proposal 3: Set NMIB = 5 for NR-U. 

3.2	SIB1 acquisition time
According to TS38.331, SIB1 is transmitted on PDSCH as RMSI, and PDSCH is scheduled with PDCCH with SI-RNTI, and SIB1 TTI is 160ms. If we can assume BS does not change the contents of SIB1 during SIB1 TTI, UE can perform the soft-combining of PDSCH during the SIB1 TTI, which is same as LTE SIB acquisition. Since SIB1 transmission period is 20ms in FR1, UE can combine 8 PDSCH samples within SIB1 TTI (=160ms). 
Like MIB acquisition, if we assume the necessary number of PDSCH samples to achieve [90]% success rate for SIB1 acquisition to NSIB1, the SIB1 acquisition time considering LBT failure is given by
TSIB1-NR-U = TSIB1 * GSIB1
where TSIBI is SIB1 transmission period and it is fixed to 20ms in the case of FR1, and GSIB1 = NSIB1 + MSIB1_CCA-failure, where NSIB1 is the number of PDSCH transmissions to achieve [90]% of SIB1 decoding success rate and MSIB1_CCA-failure is the number of LBT failures by the time BS can transmit NSIB1 PDSCH samples. 
Proposal 4: Set TSIB1_CCA = TSIB1 * GSIB1, where TSIB1 is the SIB1 transmission period (=20ms for FR1) and GSIB1 = NSIB1 + MSIB1_CCA-failure, where MSIB1_CCA-failure is the number of LBT failures by the time BS transmits NSIB1 PDSCH samples for SIB1 transmission.

[bookmark: _GoBack]Regarding the number of PDSCH samples to acquire SIB1, NSIB1, RAN4 first needs to agree with the assumption of SIB1 transmission parameters and then decides the number based on the simulation results. We discuss it in our companion paper [3].
Proposal 5: RAN4 need study the required PDSCH samples for SIB1 acquisition.  
4	Summary
Observation 1: SI acquisition time for RRC Release with Redirection and RRC Re-establishment procedures, TSI-NR, are given by TSI-NR = TMIB + TSIB1, where TMIB is the MIB acquisition time and TSIB1 is the SIB1 acquisition time.
Proposal 1: Define SI acquisition time for NR-U as TSI_CCA = TMIB_CCA + TSIB1_CCA, where TMIB_CCA is the MIB acquisition time for NR-U and TSIB1_CCA is the SIB1 acquisition time for NR-U.
Proposal 2: Set TMIB_CCA = TSMTC * GMIB, where TSMTC is the configured SMTC period and GMIB = NMIB + MMIB_CCA-failure, where M MIB_CCA-failure is the number of LBT failures by the time BS transmits NMIB PBCH samples.
Proposal 3: Set NMIB = 5 for NR-U. 
Proposal 4: Set TSIB1_CCA = TSIB1 * GSIB1, where TSIB1 is the SIB1 transmission period (=20ms for FR1) and GSIB1 = NSIB1 + MSIB1_CCA-failure, where MSIB1_CCA-failure is the number of LBT failures by the time BS transmits NSIB1 PDSCH samples for SIB1 transmission.
Proposal 5: RAN4 need study the required PDSCH samples for SIB1 acquisition.  
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