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1 Introduction

In RAN4#80bis and RAN4#81 Meetings, the problem of large SI acquisition delay, including MIB-NB, SIB1-NB and SIB2-NB, has been extensively discussed and consensus has been captured in the WFs [1], [2], [3], which include:

· RAN4 is to specify the parameters TSI-NB1-NC and TSI-NB1-EC to represent SI acquisition delay for normal coverage and extended coverage, respectively, in paging interruption and RRC re-establishment core requirements. 

For example, for extended coverage: TSI-NB-EC = TMIB-NB-EC + TSIB1-NB-EC + TSIB2-NB-EC, where TMIB-NB-EC is the time duration for MIB-NB acquisition, TSIB1-NB-EC and TSIB2-NB-EC are the time duration for SIB1-NB and SIB2-NB acquisition, respectively. Moreover, different types of TTIs have been provided in [3] for simulations and are given below:

· MIB-NB TTI = 640ms
· SIB1-NB TTI = 2560ms
· SIB2-NB TTI = 160ms for normal, and 960ms for extended coverage.

It is also agreed that, as a low complexity “baseline” algorithm, a “keep trying” decoder is assumed. For example, the decoder simply “keeps trying” to decode the transmitted SIB1-NB subframes within single SIB1-NB TTI time period (i.e. 2560ms) until the decoder eventually gets lucky and decodes it correctly.

In RAN4#82 Meeting, RAN1 sent RAN4 an LS [4] regarding possible enchantments that can be used to improve SI acquisition performance. Possible enhancements include: 
· Cross-subframe channel estimation
· The coverage for MIB-NB and SIB1-NB may be improved (and acquisition latency reduced) by considering cross-subframe channel estimation. However, for MIB-NB and SIB1-NB acquisition, only subframes #0, #4, and #9 not containing NSSS for in-band mode, and only subframes #0, #1, #3, #4, and #9 not containing NSSS for guard-band and stand-alone modes can be assumed to have NRS presence. 
RAN1 understands this is different to the current RAN4 receiver assumptions.
· Enhanced SIB1-NB accumulations
· Enhanced SIB1-NB accumulations across multiple SIB1-NB transmission periods of 2560ms may be feasible without UE having to reacquire MIB-NB if the SIB1-NB scheduling information in the MIB can be assumed to be fairly static. 
· This aspect is expected to be confirmed by RAN2 WG.
· Additional NPBCH repetitions and advanced MIB-NB decoding techniques
· One option to improve the coverage is via transmission of additional repetitions of NPBCH beyond those specified in Rel-13. Advanced MIB-NB decoding techniques may be able to combine across multiple 640ms windows.
Such enhancements could be considered for future releases. 

In this contribution, we provide the simulation results and share our view on the SI acquisition delay issue.
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Previously, RAN4 has discussed the acquisition delays associated with the reception of system information for Rel-13 Category NB1 UEs.  Table 1 below provides a summary [5].

	Parameter
	Cat 0
	Cat NB1 NC
	Cat NB1 EC

	T_MIB-NB
	50
	640
	2560

	T_SIB1-NB
	
	5120
	29440

	T_SIB2-NB
	
	2560
	9560

	T_SI for cell re-selection
	1280
	8320
	41560

	T_SI for RRC re-establishment
	1280
	8320
	41560

	NOTE 1: The parameters T_MIB-NB and T_SI are defined in TS 36.133
NOTE 2: The terms NC and EC are abbreviations for normal coverage and enhanced coverage, respectively
NOTE 3: The values for SI acquisition delays for Category NB1 UEs have been derived using baseband only simulations and do not include RF impairment margin
NOTE 4: The SIB2-NB acquisition delay depends on network configuration


Table 1: Summary of acquisition delays of system information

Based on simulation results provided by different companies, it showed that the acquisition delay for the baseline receiver to successfully acquire both MIB-NB and SIB1-NB may be very large and even greater than or equal to the SIB1-NB 40.96s modification boundary. Therefore, in RAN4#82 Meeting, RAN1 sent RAN4 an LS [4] regarding possible enchantments that can be used to improve SI acquisition performance, which include: 

· Cross-subframe channel estimation
· The coverage for MIB-NB and SIB1-NB may be improved (and acquisition latency reduced) by considering cross-subframe channel estimation. However, for MIB-NB and SIB1-NB acquisition, only subframes #0, #4, and #9 not containing NSSS for in-band mode, and only subframes #0, #1, #3, #4, and #9 not containing NSSS for guard-band and stand-alone modes can be assumed to have NRS presence. 
RAN1 understands this is different to the current RAN4 receiver assumptions.
· Enhanced SIB1-NB accumulations
· Enhanced SIB1-NB accumulations across multiple SIB1-NB transmission periods of 2560ms may be feasible without UE having to reacquire MIB-NB if the SIB1-NB scheduling information in the MIB can be assumed to be fairly static. 
· This aspect is expected to be confirmed by RAN2 WG.
· Additional NPBCH repetitions and advanced MIB-NB decoding techniques
· One option to improve the coverage is via transmission of additional repetitions of NPBCH beyond those specified in Rel-13. Advanced MIB-NB decoding techniques may be able to combine across multiple 640ms windows.
Such enhancements could be considered for future releases. 

Our understanding is that, to enhance the SI acquisition performance, any of one or combination of the above three enhancement options can be used, particularly for Rel.14 eNB-IoT UE. As a start of this SI acquisition enhancement discussion and to provide insights of these enhancement options, in this contribution, we simulated BLER performance by using “cross-subframe channel estimation” and/or “enhanced SIB1-NB accumulations” for SIB1-NB. The simulation assumptions are given in Table 2 below.

	Coverage
	Enhanced Coverage

	Deployment mode
	In-band

	Number of NRS ports
	2

	Propagation channel
	EPA 1Hz

	I_TBS
	208bits

	Repetition number
	16

	SNR
	-14.8dB 
(incl. target SNR = -12dB & extra 2.8dB impairment margin)


Table 2 SIB1-NB simulation assumptions

Figure 1 below illustrates the performance of BLER vs. n (i.e. the number of SIB1-NB TTIs) SIB1-NB TTI time period (i.e. ×2560 ms) for RAN4 baseline receiver (i.e. “keep trying” within 1×SIB1-NB TTI and using 1×subframe for channel estimation). Moreover, it illustrates the performance for using 1×SIB1-NB TTI accumulation & 3×subframe channel estimation (CE); using 2×SIB1-NB TTI accumulation & 1×subframe CE; and using 2×SIB1-NB TTI accumulation & 3×subframe channel CE. The details of “cross-subframe CE” and “SIB1-NB TTI accumulation” are described in [6].
[image: ]
Fig.1 BLER vs. Number of SIB1-NB TTIs
[bookmark: _GoBack]
Observation 1: Both “cross-subframe CE” and “SIB1-NB TTI accumulation” can provide certain improvement to SIB1-NB acquisition delay.
Observation 2: Combining “cross-subframe CE” and “SIB1-NB TTI accumulation” can achieve even further improvement to SIB1-NB acquisition delay.
Proposal 1: To further evaluate the BLER vs. n×TTI performance using different number of combination of “cross-subframe channel estimation” and “enhanced SIB1-NB accumulation”.
Proposal 2: The impact of larger Doppler spread on the “cross-subframe channel estimation” and “enhanced SIB1-NB accumulation” should be considered, especially in the case that accurate parameters’ estimation, like Doppler spread estimation, is not available.

3 Conclusion 

In this contribution, we provide the simulation results and share our view on the SI acquisition delay issue.

Observation 1: Both “cross-subframe CE” and “SIB1-NB TTI accumulation” can provide certain improvement to SIB1-NB acquisition delay.
Observation 2: Combining “cross-subframe CE” and “SIB1-NB TTI accumulation” can achieve even further improvement to SIB1-NB acquisition delay.
Proposal 1: To further evaluate the BLER vs. n×TTI performance using different number of combination of “cross-subframe channel estimation” and “enhanced SIB1-NB accumulation”.
Proposal 2: The impact of larger Doppler spread on the “cross-subframe channel estimation” and “enhanced SIB1-NB accumulation” should be considered, especially in the case that accurate parameters’ estimation, like Doppler spread estimation, is not available.
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