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1 Introduction
During RAN #75 meeting, “New WI proposal: Further NB-IoT enhancements” was working approved [1]. One objectives of this work item is to specify solution/mechanism to reduce system acquisition time for further NB-IoT enhancement as follow:
Reduced system acquisition time [RAN1 lead, RAN2, RAN4]
· Improved cell search and/or system information (at least MIB-NB) acquisition performance, for all operation modes
In this contribution, more details and considerations of system information acquisition enhancement for further NBIoT enhancement are presented.
2 Discussion
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 [2].
Table 1: Summary of acquisition delays of system information

	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


Observation 1: It is RAN4 understanding that the acquisition delay of the MIB-NB and SIB1-NB may become greater than or equal to the SIB1-NB modification boundary, and then the UE may have to re-acquire the MIB-NB.
Observation 2:  Since the SI acquisition delay values for NB-IoT in Table 1 are derived from baseband only simulations, the inclusion of RF impairment margin is expected to increase the delays for both coverage conditions.

Based on the simulation results, RAN1 has discussed on the possible enhancements to improve the MIB-NB and SIB1-NB acquisition performance and would like to inform RAN4 of the following:

· 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. 

· 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 static. 

· 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.

Besides eNB and UE implementation enhancement and RAN2 scheduling enhancement, there are some RAN1 potential solutions to improve the cell search and system information acquisition. For example, increase the transmission physical time-frequency resource within the period to reduce the search and acquisition time.
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Figure 1 Downlink frame structure for R.13NBIoT

In current R.13 NBIoT downlink frame structure shown in Figure 1:

· NB-PSS/SSS/PBCH/SIB is transmitted in anchor PRB/carrier in R.13 NBIoT

· NB-PSS is transmitted in subframe #5 every frame with the period of 10ms

· NB-SSS is transmitted in subframe #9 every other frame with the period of 20ms

· NB-PBCH is transmitted in subframe #0 every frame
· NB-SIB1 is transmitted in subframe #4 in at most every other frame

· The period of NB-SIB1 is 256 radios frame with repetition {4,8,16}
· The NB-SIB1 is repeated transmitted 64, 32, 16 times within period of 256 radios

· Each NB-SIB1 repetition is transmitted over 8 of 16 continuous frames
In order to increase the physical resource for these signal/channel transmission, some further potential resource should be used. For example, for the inband case, due to the potential existing of MBSFN subframe in LTE system, only subframe #0 #4 #5 #9 could be used for the transmission of NB-PSS/NB-SSS/NB-PBCH/NB-SIB1, furthermore, non-anchor PRB/carrier can be introduced for these channel/signal transmission, while in guard band and standalone case, any subframe of the anchor carrier can be used for NB-PSS/ NB-SSS/ NB-PBCH/ NB-SIB1 transmission if no MBSFN is considered.
Based on the above design principal, the following potential additional resource can be used for NB-PSS/ NB-SSS/ NB-PBCH/ NB-SIB1 transmission as shown in Figure 2 and Figure 3:
· Subframe #9 for additional NB-SSS in every other frame
· The NB-SSS transmission period is 10ms instead of 20ms in R.13, while can improve the cell search delay performance.
· Subframe #4 for additional NB-PBCH in those frame w/o NB-SIB1 transmission
· NB-SIB1 is transmitted every 64/32/16 radio frame if repetition number is 4/8/16 separately within the NB-SIB1 transmission period of 2560ms, each NB-SIB1 repetition is transmitted over 8 of 16 continuous frames, subframe# 4 is used for NB-SIB1 transmission in these frames as shown in Figure 2, and the subframe #4 w/o NB-SIB1 transmission could be used for NB-PBCH transmission.
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Figure 2 Rel.13 NB-SIB1 transmission illustration (repetition number is 4 within 256 radio frame period)
· NB-SIB1 is transmitted in non-anchor PRB or another potential subframe
· If the operation mode is inband, additional NB-SIB1 is transmitted in non-anchor PRB as shown in Figure 3. 
· If the operation mode is guard band/stand-alone, additional NB-SIB1 is transmitted in another potential subframe except #0 #4 #5 #9 as shown in Figure 4
The operation mode is obtained by decoding the NB-PBCH, and the detail non-anchor PRB and detail potential subframe physical resource can implicitly indicated, for example, similar to eMTC SIB1-BL transmission. Frequency narrowband and related frequency hopping of SIB1-BL is determined by cell ID. The non-anchor PRB for the transmission of NB-SIB1is implicitly indicated by cell ID
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Figure 3 Potential resources for NB-PSS/SSS/PBCH/SIB1 transmission (inband)
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Figure 4 Potential resources for NB-PSS/SSS/PBCH/SIB1 transmission (guardband and standalone)
Proposal 1: The following potential additional resource can be used for NB-PSS/ NB-SSS/ NB-PBCH/ NB-SIB1 transmission:
· Subframe #9 for additional NB-SSS in every other 10ms-frame
· Subframe #4 for additional NB-PBCH for those frame w/o NB-SIB1 transmission
· NB-SIB1 is transmitted in non-anchor PRB or another potential subframe
3 Conclusions
In this contribution, further considerations of system information acquisition for further NBIoT enhancement are provided. The following proposals are given.
Proposal 1: The following potential additional resource can be used for NB-PSS/ NB-SSS/ NB-PBCH/ NB-SIB1 transmission:

· Subframe #9 for additional NB-SSS in every other 10ms-frame
· Subframe #4 for additional NB-PBCH for those frame w/o NB-SIB1 transmission

· NB-SIB1 is transmitted in non-anchor PRB or another potential subframe
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