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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.
	SIB Reading in RRC Re-establishment, RRC Release with Redirection, and Paging Interruption Requirements
· SIB reading in RRC re-establishment, RRC release with redirection, and paging interruption requirements
· Further study SIB reading time including MIB and SIB1 decoding time
· Option 1: SIB reading time 1280 ms
· Other options are not precluded
· FFS whether soft combining or single shot detection without soft combining shall be applied
· The above also addresses extending the time needed to acquire the MIB and SIB1 due to LBT failure in paging interruption requirements, based on the simulation study (simulation assumptions are to be further discussed off-line)



	· Option 2: SI reading time is derived based on the necessary number of samples and the LBT impact
· Number of PBCH samples for MIB is 5
· Number of PDSCH samples for SIB1 is based on simulation results with 95% of decoding success rate, assuming:
	Parameters
	Unit
	Value

	Channel bandwidth
	MHz
	20

	SCS
	kHz
	15

	Number of transmitter antennas
	 
	1

	Number of receive antennas
	 
	2

	Allocated resource blocks for PDSCH
	 
	24 (allocated in the lower edge of the carrier)

	MCS index
	 
	4

	Modulation
	 
	QPSK

	Target Coding Rate
	 
	0.33

	Number of control symbols
	 
	2

	PDSCH mapping type
	 
	Type A

	Information Bit Payload
	 
	 

	For slots with RMSI
	Bits
	1864

	Number of Code Blocks per slot
	 
	1

	Binary Channel Bits Per slot
	 
	 

	For slots with RMSI
	Bits
	6048

	Side condition (PDSCH SNR)
	dB
	-6

	Propagation channel model
	 
	AWGN, TDLA30-10, TDLB100-400, TDLC300-100

	Receiver assumption
	 
	Single shot detection
Soft-combining (2, 4 and 8 samples)

	SIB1 transmission period
	ms
	20

	Metric
	 
	95% of SIB1 acquisition success rate

	Derived based on the PDSCH DMRS assumption: dmrs-TypeA-Position=2, dmrs-Type=1, dmrs-AdditonalPositions=2, maxLength=1, Antenna port index: 1000, and Number of PDSCH DMRS CDM group(s) without data: 1.






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 be able to perform the random access procedure. Since RACH configuration is included in SIB1, and the SIB1 scheduling information is provided by MIB, SI acquisition time, TSI-NR, is given by 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
3.1	MIB acquisition time
Considering the LBT failure, the MIB acquisition time 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 required number of PBCH transmissions and M MIB_CCA-failure is the number of LBT failures by the time BS can transmit NMIB PBCH samples. 
Since RAN4#93 agreed to set NMIB=5, we propose the MIB acquisition time as follows:
[bookmark: _Hlk24101160]Proposal 2: Set TMIB_CCA = TSMTC * GMIB, where TSMTC is the configured SMTC period and GMIB = NMIB + MMIB_CCA-failure, where NMIB=5 and M MIB_CCA-failure is the number of LBT failures by the time BS transmits NMIB PBCH samples.
3.2	SIB1 acquisition time
Like MIB acquisition, if we assume the necessary number of PDSCH samples to achieve 95% 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 by default, and GSIB1 = NSIB1 + MSIB1_CCA-failure, where NSIB1 is the number of PDSCH transmissions to achieve 95% of SIB1 decoding success rate and MSIB1_CCA-failure is the number of slots UE does not receive SIB1 on the SIB1 transmission occasions by the time UE receives NSIB1 PDSCH samples. There are two possibilities UE does not receive SIB1 on the SIB1 transmission occasions. One is because gNB does not schedule SIB1 transmission, as TS38.133 mentions ‘the actual transmission repetition periodicity is up to network implementation.’ Another reason is because gNB scheduled SIB1 but cannot transmit due to the LBT failure. 
Proposal 3: Set TSIB1_CCA = TSIB1 * GSIB1, where TSIB1 is the SIB1 transmission repetition period (=20ms for FR1) and GSIB1 = NSIB1 + MSIB1_CCA-failure, where MSIB1_CCA-failure is the number of slots UE does not receive SIB1 on the SIB1 transmission occasions by the time UE receives NSIB1 PDSCH samples.
Table 1 shows our simulation result of PSDCH demodulation assuming SIB1 reception based on the agreed simulation assumption in [1]. The result shows the PDSCH decoding success rate with single shot receiver and multi-shot receiver with the side condition of SNR = -6dB. 
[bookmark: _Ref32510304]Table 1	SIB1 decoding success rate with the side condition of SNR=-6dB.
	
	AWGN
	TDLA10-30
	TDLB100-400
	TDLC300-100

	Single shot
	0.00
	0.42
	0.12
	0.12

	2 samples
	1.00
	0.80
	0.70
	0.74

	4 samples 
	1.00
	0.94
	1.00
	1.00

	8 samples
	1.00
	1.00
	1.00
	1.00



It is observed from the simulation result that, it cannot achieve 95% of PDSCH decoding success rate with single shot receiver. With the soft-combining of 4 or more PDSCH samples can achieve 95% of PDSCH decoding success rate for most cases. If UE cannot perform soft-combining, UE need to continue to decode PDSCH until it is successful (a.k.a. keep-trying). However if we look the simulation results with AWGN, the success rate of single shot receiver is 0% with SNR=-6dB, this means UE has no chance to read SIB1 even with keep-trying. We therefore propose to set the requirements based on the soft-combining receiver, and set the number of PDSCH samples for SIB1, NSIB1, to 4, targeting 95% of decoding success rate.  
Proposal 4: Set the number of PDSCH samples for SIB1, NSIB1, to 4.
Considering NMIB=5 and NSIB1=4, the SI reading time option 1, i.e., 1280ms, is pessimistic. We therefore propose to set SI reading delay based on the number of PBCH samples for MIB and the number of PDSCH samples for SIB1, but RAN4 need discuss further how to derive the SI reading dela. 
Proposal 5: Set the SI acquisition time based on the number of PBCH samples for MIB and the number of PDSCH samples for SIB1.
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 NMIB=5 and M MIB_CCA-failure is the number of LBT failures by the time BS transmits NMIB PBCH samples.
Proposal 3: Set TSIB1_CCA = TSIB1 * GSIB1, where TSIB1 is the SIB1 transmission repetition period (=20ms for FR1) and GSIB1 = NSIB1 + MSIB1_CCA-failure, where MSIB1_CCA-failure is the number of slots UE does not receive SIB1 on the SIB1 transmission occasions by the time UE receives NSIB1 PDSCH samples.
Proposal 4: Set the number of PDSCH samples for SIB1, NSIB1, to 4.
Proposal 5: Set the SI acquisition time based on the number of PBCH samples for MIB and the number of PDSCH samples for SIB1.
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Appendix – Simulation parameters

	Parameters
	Unit
	Value

	Channel bandwidth
	MHz
	10

	SCS
	kHz
	15

	Number of transmitter antennas
	 
	1

	Number of receive antennas
	 
	2

	Allocated resource blocks for PDSCH
	 
	24 (allocated in the lower edge of the carrier)

	MCS index
	 
	4

	Modulation
	 
	QPSK

	Target Coding Rate
	 
	0.33

	Number of control symbols
	 
	2

	PDSCH mapping type
	 
	Type A

	Information Bit Payload
	 
	 

	For slots with RMSI
	Bits
	1608

	Number of Code Blocks per slot
	 
	1

	Binary Channel Bits Per slot
	 
	 

	For slots with RMSI
	Bits
	5184

	Side condition (PDSCH SNR)
	dB
	-6

	Propagation channel model
	 
	AWGN, TDLA30-10, TDLB100-400, TDLC300-100

	Receiver assumption
	 
	Single shot detection
Soft-combining (2, 4 and 8 samples)

	SIB1 transmission period
	ms
	20

	Metric
	 
	95% of SIB1 acquisition success rate

	Derived based on the PDSCH DMRS assumption: dmrs-TypeA-Position=2, dmrs-Type=1, dmrs-AdditonalPositions=2, maxLength=1, Antenna port index: 1000, and Number of PDSCH DMRS CDM group(s) without data: 1.



3

