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1	Introduction
RAN4 have received the LS on the system acquisition time reduction techniques possibly used for Rel-15 LTE MTC [1].
· PSS/SSS
· Enhanced (e.g. repeated) PSS/SSS based on PSS/SSS or NPSS/NSSS design
· Use of NPSS/NSSS on NB-IoT anchor carrier
· PBCH
· Enhanced (e.g. repeated) PBCH based on PBCH or NPBCH design
· Use of NPBCH on NB-IoT anchor carrier
· Combining across 40-ms PBCH periods (unless already part of Rel-14 demodulation requirements)
· New mechanism allowing to skip MIB message reading
· SIB1-BR
· Additional repetitions of SIB1-BR
· [bookmark: _Hlk487030584]Accumulation across SIB1-BR modification periods (unless already part of Rel-14 demodulation requirements)
· New mechanism allowing to skip SIB1-BR reading
· E.g. SI update indication or other indication in MIB or another channel
· SI messages
· Additional repetitions of SI messages
· Accumulation across SI modification periods
· New mechanism allowing to skip SI message reading
· E.g. SI update indication or other indication in MIB or another channel

From the RAN4 RRM requirement point of view, the PSS/SSS improvement will reduce the cell search time, PBCH improvement will reduce the MIB acquisition time, and SIB1-BR improvement will reduce the SIB1-BR acquisition time. The SI messages above corresponds to the SIB 2 or larger system information blocks, and only SIB2 acquisition time is included in the RAN4 RRM requirements.
In this contribution, we focus on the SIB1-BR/SIB2-BR acquisition time improvement.
2	SIBx-BR acquisition time improvement
[bookmark: _Ref352176984]RAN1 recommend three techniques to improve SIBx-BR acquisition time: 1) additional repetitions, 2) accumulation across SIBx-BR modification period, and 3) allowing to skip SIBx-BR reading. This contribution focuses on the first and second techniques to reduce the SIBx-BR acquisition time because the idea of the 3rd item is to complete the SI acquisition procedure without decoding SIBx-BR if SIBx-BR is same.  
According to TS36.331 5.2.1.3, the BCCH modification time is expressed in number of radio frames = modificationPeriodCoeff * defaultPagingCycle, with
· modoficationPeriodCoeff := {2, 4, 8, 16}
· modoficationPeriodCoeff-v1310 := {64}
· defaultPagingCycle := {32, 64, 128, 256} radio frames. 
This means eNB keep the same BCCH at least 640ms (2 x 32 radio frames). 
[image: ]
[bookmark: _Ref489023684]Figure 1	Illustration of BCCH modification period and SIBx scheduling. 
Figure 1 illustrates the BCCH modification period and SIBx scheduling. SIB1-BR is scheduled with a periodicity of 80ms and SIB1-BR is repeated 4, 8, or 16 times within 80ms. SIBx (x>1) information is scheduled within the periodicity of si-window (e.g., 40ms) every si-periodicity radio frames (e.g., 160ms). In the LS [1], RAN1 suggest considering the accumulation across the BCCH modification periods. This means UE can assume the network sends the same SI information for a long time, e.g. 1 hour. 
According to TS36.133, the SI acquisition time requirement for CE Mode A, TSI-EUTRA-M1-CEModeA, is 1,280ms and it is same as legacy LTE although the acquisition time for CE Mode B, TSI-EUTRA-M1-CEModeB, is 6,400ms. RAN4 has derived these SI acquisition time values based on the assumption SI information changes every SI-window, e.g. 80ms for SIB1-BR. The reason is because UE does not know the BCCH modification period boundary when UE will acquire the SI information. We think the current RAN4 assumption is pessimistic, because the BCCH modification period is much longer than SI window and RAN1 suggest considering SI modification period is even longer than the BCCH modification period.  
In this contribution, we investigate the SI acquisition time by assuming UE accumulate PDSCH conveying the SI information over the SI periodicity. Table 1 lists the simulation parameter for SIB1-BR acquisition time evaluation assuming accumulation across SIB1-BR TTI. Figure 1 is the ideal simulation results of accumulation over 80ms, 160ms, 320ms, and 640ms for ETU1 with SNR=-15dB. When we focus on 99% of decoding success rate, SIB1-BR acquisition time for 80ms accumulation is more than 3,000ms. On the other hand, the acquisition time is about 1,700ms in the case of 160ms accumulation, 800ms in the case of 320ms accumulation, and within 640ms in the case of 640ms accumulation. From our simulation result, it is observed the SIB1-BR acquisition time could be reduced to half or quarter by considering 160ms or 320ms accumulation. 
Observation: Accumulation across SIB1-BR periodicity improves the SBI1-BR acquisition time significantly. 
According to the observation, we propose that RAN4 study the SIB1-BR acquisition time improvement by assuming PDSCH symbol accumulation across SIB1-BR periodicity. 
Proposal 1: RAN4 study the SIB1-BR acquisition time improvement by assuming SIB1-BR information does not change for a long time. 
[bookmark: _Ref485390261]Table 1	Parameter for SIB1-BR acquisition time evaluation.
	Parameters
	CE Mode B

	System bandwidth
	10MHz

	Transmit antennas
	2

	Propagation channels
	ETU1, EPA1

	TBS for SIB1-BR
	208bits

	SIB1-BR repetition number within 80ms
	16

	SIB1-BR accumulation period
	80ms, 160ms, 320ms, 640ms

	UE receive antennas
	1

	UE frequency offset
	100Hz

	Target SNR
	-15dB



[image: ]
[bookmark: _Ref487029549]Figure 2	Simulation results for SIB1-BR acquisition time with accumulation across SIB1-BR modification periods (ETU1, SNR=-15dB). 

We also expect this improvement is applicable for SIB2-BR acquisition time. Therefore, we also propose RAN4 study the SIB2-BR acquisition time improvement by assuming PDSCH symbol accumulation across SIB2-BR periodicity.
[bookmark: _GoBack]Proposal 2: RAN4 study the SIB2-BR acquisition time improvement by assuming SIB2-BR information does not change for a long time.

3	Conclusion
Observation: Accumulation across SIB1-BR periodicity improves the SBI1-BR acquisition time significantly. 
Proposal 1: RAN4 study the SIB1-BR acquisition time improvement by assuming SIB1-BR information does not change for a long time. 
Proposal 2: RAN4 study the SIB2-BR acquisition time improvement by assuming SIB2-BR information does not change for a long time. 

4	References
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Appendix
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Figure 3	Simulation results for SIB1-BR acquisition time with accumulation across SIB1-BR modification periods (EPA1, SNR=-15dB)
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