Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _Hlk487029736]3GPP TSG-RAN WG4 Meeting #92bis	R4-1911768
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Chongqing, China, 14 – 18 October 2019

Agenda Item:	8.1.4.13
Source:	Ericsson
Title:	SI acquisition in NR-U
Document for:	Discussion
1	Introduction

RAN4#92 agreed on the way forward on the RRM requirements for NR-U [1], and it was identified RAN4 needs to specify SI acquisition time for the following requirements by accounting for the DL LBT.
· RRC Release with Redirection
· RRC Re-Establishment
It was also agreed that inclusion of SI reading in following requirements is postponed until/if the procedure is agreed in RAN2:
· Cell Reselection
· Handover 
This contribution discusses SI acquisition time considering DL LBT.
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). Note that acquisition of other SI depends on the procedure. Since we focus on RRC release with redirection and RRC re-establishment in this contribution, we assume UE needs to acquire RACH configuration to perform the random access procedure. Since RACH configuration is included in SIB1 according to TS38.331, and SIB1 scheduling information is provided by MIB, RAN4 needs to specify the 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. 
Proposal 1: Define SI acquisition time for NR-U as TSI-NR-U = TMIB-NR-U + TSIB1-NR-U, where TMIB-NR-U is the MIB acquisition time for NR-U and TSIB1-NR-U 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 node, 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 occasions to achieve [90]% success rate for MIB acquisition to NMIB, the MIB acquisition time considering LBT failure is given by
TMIB-NR-U = TSMTC * GMIB
where TSMTC is SMTC period = [5, 10, 20, 40, 80, 160] (ms), and GMIB = NMIB + NLBT-failure, where NMIB is the number of PBCH transmissions to achieve 90% of MIB decoding success rate and NLBT-failure is the number of LBT failures by the time BS can transmit NMIB PBCH(s). 
Figure 1 is an example when TSMTC=20ms, NMIB=3, and NLBT-failure=3. In this example, BS cannot transmit 3 PBCH samples by the time it transmits 3 PBCH due to the LBT failure (NLBT-failure=3). With GMIB=6 (3+3), the MIB acquisition time is 20ms*6 = 120ms. 
Figure 2 is an example when TSMTC=160ms, NMIB=3, and NLBT-failure=1. In this example, BS cannot transmit 1 PBCH sample by the time it transmits 3 PBCH due to the LBT failure (NLBT-failure=1). With GMIB=4 (3+1), the MIB acquisition time is 160ms*4=640ms. 


 
[bookmark: _Ref19890112]Figure 2	Example of PBCH reception under LBT in the case TSMTC=20ms and NMIB=3.

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

Proposal 2: Set TMIB-NR-U = TSMTC * GMIB, where TSMTC is the configured SMTC period and GMIB = NMIB + NLBT-failure, where NLBT-failure is the number of LBT failures by the time BS transmits NMIB PBCH. 
MIB is transmitted on PBCH, and PBCH is transmitted every SMTC period. When RAN4 discussed the SSB time index acquisition requirements, RAN4 collected the PBCH simulation results and it was summarized in [4]. According to the summary, it was observed 1-2 PBCH attempts are enough to acquire FR1 SSB time index with the acquisition success rate of 99% and therefore RAN4 specified the time period for time index detection with 3 PBCH attempts. Although SSB time index acquisition in FR1 does not need to decode PBCH, the companies’ simulation results referred in [4] also show the same attempts are enough to decode PBCH with the decoding success rate of 99% without soft-combining of PBCH.
Considering our early study, we propose to set NMIB=3 which is the same number used for SSB time index detection in FR1. 
Proposal 3: Set NMIB = 3 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. Since SIB1 transmission period is 20ms in FR1, UE can combine 8 PDSCH within SIB1 TTI (=160ms). TS38.331 also specifies the maximum SIB1 is 2976bits.
According to TS 38.213, the minimum number of PRBs for CORESET0 (PDCCH search space for SI-RNTI) is 24. Considering the minimum requirements, we assume PDSCH for SIB1 is also transmitted with 24PRB. 
With the same PDSCH configuration assumption as RRM RMC (e.g., Table A.3.1.1.1-1 in TS38.133), the number of resource elements are 3024 (i.e., 12 OFDM symbols, 24 PRBs, single port DMRS with 1+1+1). Considering the maximum TBS for SIB1 of 2976 bits, the minimum MCS is 7 (TBS=3124bits, QPSK, Code rate=0.52).
[image: ]
[bookmark: _Ref20405493]Figure 1	PDSCH simulation results assuming SIB1 reception.
Figure 1 shows the simulation results of PDSCH with the fading channel modes TDLA30-10, TDLB100-400 and TDLC300-100 based on the simulation assumption listed in the Appendix. In this simulation we also investigate the performance gain with PDSCH soft-combining of 4 transmissions and 8 transmissions. 
It is observed from the simulation result that one transmission is not enough to achieve 90% of reception success rate (=90% BLER in Figure 1) with the side condition SNR=-6dB. If we consider the soft-combining of 4 PDSCH transmissions, 90% of reception success rate could be reached with SNR=-6dB depending on the channel condition. Considering the impairment margin, it is observed 8 transmissions are needed to achieve the SIB1 reception success rate of 90%.
Observation 2: Soft-combining may need to be assumed for SIB1 acquisition depending on the side condition and SIB1 transmission parameters. 
Since the number of required PDSCH attempts affects to the SIB1 acquisition time for NR-U, RAN4 first needs to agree with the assumption of SIB1 transmission parameters. We therefore to propose the following way forward.
Proposal 4: To decide NSIB1, RAN4 discusses the PDSCH transmission parameters for SIB1 acquisition such as: 
1. PDSCH transmission parameters, e.g., PRB size, TBS, modulation, etc. 
2. Whether or not it is assumed soft-combining of PDSCH within SIB1 TTI. If yes, how many? 
3. Metric to decide the number of PDSCH transmissions, e.g., PDSCH decoding success rate of 90%
4. Side condition, e.g., SNR=-6dB. 
Based on the assumption interested companies will provide the simulation results and decide NSIB1 according to the results.
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. 
Proposal 1: Define SI acquisition time for NR-U as TSI-NR-U = TMIB-NR-U + TSIB1-NR-U, where TMIB-NR-U is the MIB acquisition time for NR-U and TSIB1-NR-U is the SIB1 acquisition time for NR-U. 
Proposal 2: Set TMIB-NR-U = TSMTC * GMIB, where TSMTC is the configured SMTC period and GMIB = NMIB + NLBT-failure, where NLBT-failure is the number of LBT failures by the time BS transmits NMIB PBCH. 
Proposal 3: Set NMIB = 3 for NR-U. 
Observation 2: Soft-combining may need to be assumed for SIB1 acquisition depending on the side condition and SIB1 transmission parameters. 
[bookmark: _GoBack]Proposal 4: To decide NSIB1, RAN4 discusses the PDSCH transmission parameters for SIB1 acquisition such as: 
1. PDSCH transmission parameters, e.g., PRB size, TBS, modulation, etc. 
2. Whether or not it is assumed soft-combining of PDSCH within SIB1 TTI. If yes, how many? 
3. Metric to decide the number of PDSCH transmissions, e.g., PDSCH decoding success rate of 90%
4. Side condition, e.g., SNR=-6dB. 
Based on the assumption interested companies will provide the simulation results and decide NSIB1 according to the results.

References
[1] [bookmark: _Ref16843642][bookmark: _Ref16604413]R4-1910551, “WF on RRM Requirements for NR-U”, Ericsson, Qualcomm Inc., Nokia, Nokia Shanghai Bell.
[2] [bookmark: _Ref16843667]3GPP TR 38.889, “Study on NR-based access to unlicensed spectrum”, V16.0.0.
[3] [bookmark: _Ref16604415]3GPP TR 36.889, “Study on Licensed-Assisted Access to Unlicensed Spectrum”, V.13.0.0.
[4] [bookmark: _Ref20482668]R4-1801056, “Summary of simulation results for PBCH detection”, Ericsson.

Appendix
Simulation assumption of PDSCH for SIB1 transmission
	Parameters
	Unit
	Value

	Channel bandwidth
	MHz
	10

	Number of transmitter antennas
	
	1

	Allocated resource blocks for PDSCH
	
	24

	MCS index
	
	7

	Modulation
	
	QPSK

	Target Coding Rate
	
	0.52

	Number of control symbols
	
	2

	PDSCH mapping type
	
	Type A

	Information Bit Payload
	
	

	  For slots with RMSI
	Bits
	3124

	Number of Code Blocks per slot
	
	1

	Binary Channel Bits Per slot
	
	

	  For slots with RMSI
	Bits
	6048

	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.
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