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1	Introduction
RAN4#93 agreed with the way forward on CGI reading for Rel-16 NR RRM enhancements [1], where it is agreed that the SIB1 decoding delay is derived based on the simulation results. RAN4#93 also agreed with the PDSCH simulation assumption considering the SIB1 transmission [2]. 
This contribution provides our simulation on PDSCH to derive the number of PDSCH transmissions for SIB1 reading. 
2	Simulation results
Table 1 and Table 2 show our simulation result of SIB1 reading for FR1 and FR2, respectively, according to the simulation assumption in Appendix. It is observed from the simulation result that it requires the soft-combining of 4 PDSCH transmissions to achieve 90% of SIB1 decoding success rate with SNR=-6dB for both FR1 and FR2. 
If we assume the keep-trying with single-shot receiver (i.e., UE continues receiving PDSCH for SIB1 until it decodes successfully), it needs at least 10 SIB1 occasions for the fading channel case. For AWGN case, the simulation result shows UE never decode SIB1 with keep-trying with single-shot because the SIB1 decoding success rate is 0%. 
Observation 1: For both FR1 and FR2, it requires the soft-combining of 4 PDSCH samples to achieve 90% if SIB1 decoding success rate with the side condition of SNR=-6dB.

[bookmark: _Ref21078504]Table 1	SIB1 decoding success rate (FR1, 4GHz, SNR=-6dB)
	
	AWGN
	TDLC300 3km/h

	Single shot
	0.00
	0.20

	2 samples
	1.00
	0.78

	4 samples 
	1.00
	0.97

	8 samples
	1.00
	1.00



[bookmark: _Ref31800222]Table 2	SIB1 decoding success rate (FR2, 30GHz, SNR=-6dB)
	
	AWGN
	TDLC60 3km/h

	Single shot
	0.00
	0.13

	2 samples
	1.00
	0.77

	4 samples 
	1.00
	0.98

	8 samples
	1.00
	1.00



TS 38.331 specified the SIB1 transmission as follows:
	the SIB1 is transmitted on the DL-SCH with a periodicity of 160 ms and variable transmission repetition periodicity within 160 ms as specified in TS 38.213 [13], clause 13. The default transmission repetition periodicity of SIB1 is 20 ms but the actual transmission repetition periodicity is up to network implementation. For SSB and CORESET multiplexing pattern 1, SIB1 repetition transmission period is 20 ms. For SSB and CORESET multiplexing pattern 2/3, SIB1 transmission repetition period is the same as the SSB period (TS 38.213 [13], clause 13). SIB1 includes information regarding the availability and scheduling (e.g. mapping of SIBs to SI message, periodicity, SI-window size) of other SIBs with an indication whether one or more SIBs are only provided on-demand and, in that case, the configuration needed by the UE to perform the SI request. SIB1 is cell-specific SIB



In the case of SSB and CORESET multiplexing pattern 1 (configured in FR1), UE assumes the SIB1 transmission repetition periodicity is 20 ms and gNB may transmit 8 PDSCH samples for SIB1 within the SIB1 transmission periodicity of 160ms. 
In the case of SSB and CORESET multiplexing pattern 2/3 (configured in FR1 and FR2), on the other hand, UE assumes the SIB1 transmission repetition periodicity is same as SSB period, which corresponds to 20ms in RAN4 assumption for the initial cell search. In the real network, however, gNB can configure SSB periodicity with {5, 10, 20, 40, 80, 160ms}.
It is also important to emphasise that TS38.331 mentions ‘the actual transmission repetition periodicity is up to network implementation’. This means gNB may transmit only one SIB1 within the SIB1 transmission periodicity even with the SSB and CORESET multiplication pattern 1. In this case it is not guaranteed that UE can read SIB1 within 160ms even if UE is capable of soft-combining of PDSCH for SIB1 acquisition. 
Observation 2: Number of SIB1 transmissions within the SIB1 transmission periodicity is up to network implementation.
It is also up to network implementation but if gNB does not change the SIB1 information across the SIB1 transmission periodicities, then UE can also do the soft-combining of PDSCH across the SIB1 transmission periodicities. It is noted that the LTE eMTC/NB-IoT SI reading requirements were specified based on whether soft-combining across SIB1 transmission periodicities. 
Observation 3: If gNB does not change the SIB1 information across the SIB1 transmission periodicities, UE may also do the soft-combining of PDSCH samples across the SIB1 transmission periodicities.
[bookmark: _Hlk32526237]Based on the observations, we propose to derive the SIB1 reading delay based on the soft-combining of 4 PDSCH samples. However it is also important to discuss in RAN4 how to ensure UE can soft-combine the PDSCH samples within the SIB1 transmission periodicity and across the SIB1 transmission periods. 
Proposal 1: Derive the SIB1 reading delay based on the soft-combining of 4 PDSCH samples. RAN4 discuss further how to ensure UE can soft-combine the PDSCH symbols within the SIB1 transmission periodicity and across the SIB1 transmission periods.

3 Summary
Observation 1: For both FR1 and FR2, it requires the soft-combining of 4 PDSCH samples to achieve 90% if SIB1 decoding success rate with the side condition of SNR=-6dB.
Observation 2: Number of SIB1 transmissions within the SIB1 transmission periodicity is up to network implementation.
Observation 3: If gNB does not change the SIB1 information across the SIB1 transmission periodicities, UE may also do the soft-combining of PDSCH samples across the SIB1 transmission periodicities.
Proposal 1: Derive the SIB1 reading delay based on the soft-combining of 4 PDSCH samples. RAN4 discuss further how to ensure UE can soft-combine the PDSCH symbols within the SIB1 transmission periodicity and across the SIB1 transmission periods.
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Appendix – Simulation parameters
	Parameters
	Unit
	Value

	Subcarrier spacing
	KHz
	30 kHz for 4GHz;
120 kHz for 30GHz 

	Channel bandwidth
	MHz
	10 for SCS=30kHz
100 for SCS=120kHz

	Number of transmitter antennas
	
	1

	Number of Rx antennas
	
	2

	CP Length
	
	Normal

	Allocated resource blocks for PDSCH
	
	24 (allocated from the lowest edge of the carrier)

	Number of PDSCH symbols
	
	12

	MCS index
	
	4

	Modulation
	
	QPSK

	Target Coding Rate
	
	1/3

	PDSCH mapping type
	
	Type A

	dmrs-TypeA-Position
	
	2

	dmrs-Type
	
	1

	dmrs-AdditonalPositions
	
	2

	Dmrs-maxLength
	
	1

	Number of PDSCH DMRS CDM group(s) without data
	
	2

	PRB bundling size
	
	2

	SIB1 transmission period
	ms
	20

	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

	SNR
	
	-8, -6, -4, -2, 0

	Propagation Condition
	
	AWGN, 
TDL-C with RMS delay spread = 300ns for FR1
TDL-C with RMS delay spread = 60ns for FR2

	UE speed
	
	3km/h

	Detection Method
	
	Option 1: Soft combining with 2, 4, 8 repetitions
Option 2: One shot

	Metrics
	
	The number of repetitions required to decode SIB1 with 90%-ile success rate.
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