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1. Introduction

In RAN#75 [1], a new Rel-15 work item has been approved to improved cell search and/or system information (at least MIB-NB) acquisition performance for all operation modes based on the observation results from RAN4 in the previous RAN1#88 meeting that cell detection and system information acquisition delays for Rel-13 Category NB1 UEs are substantial to achieve an extended coverage requirement.
The agreements we have made in the previous RAN1#88bis meeting can be categorized into three parts as follows.
	Agreements:

· For reduced system acquisition time for NB-IoT, at least the following candidates can be considered
· As for cell search latency enhancement
· Enhancement(s) to NPSS/NSSS

· Use of physical signal/channel in agenda item 7.2.7.1.1 (if introduced)

· As for system information acquisition latency enhancement
· Enhancement(s) to MIB-NB
· SIB1-NB accumulation across multiple SIB1-NB TTIs (with or without specification impact)

· Additional SIB1-NB is transmitted on other subframes in addition to the existing SIB1-NB transmission

· FFS on other SIBx-NB

· Others
· New mechanism allowing to skip SIB1-NB and/or SI messages and/or MIB-NB reading

· Details of all solutions are FFS

· Solutions need to be backwards compatible and take care of impacts to Rel-13/Rel-14 networks


In this contribution, we provide our views on system information acquisition latency enhancement taking into account an advanced receiving algorithm considered by RAN4.
2. Discussion

2.1. Cell search

In previous RAN1 meeting, there was a discussion regarding potential enhancement of NB-IoT cell search performance by e.g., extending current NPSS/NSSS or introducing additional synchronization signals on top of the current NPSS/NSSS, where it was unclear whether cell search performance based on the current NPSS/NSSS should be enhanced for the power saving of deep coverage NB-IoT UEs or not. Considering the fact that the previous evaluation results of NB-IoT cell search performance in RAN1 and RAN4 are diverging depending on the different evaluation assumptions and different cell search algorithms [2][3][4], and also the fact that there doesn’t seem to be an exact definition of required cell search performance for ‘deep coverage area’ UEs, it may be difficult to conclude that enhancement of NB-IoT cell search performance based on current NPSS/NSSS is definitely necessary at this stage. 

2.2. System information acquisition

According to observation results from RAN4 [5], MIB-NB and SIB1-NB decoding latencies for Cat.NB1 UE in enhanced coverage are as much as 6.25% and 72% of SIB1-NB modification periodicity, respectively. Therefore, UE may have to re-acquire the MIB-NB unless UE starts MIB-NB decoding from the early subframe of SIB1-NB modification boundary, and this may end up limiting Cat.NB1 UE’s battery life. In order to overcome frequent MIB-NB decoding attempts, SIB1-NB acquisition performance needs to be improved. In this section, we discuss on an additional SIB1-NB and advanced receiver including assistance information.
2.2.1. Additional SIB1-NB

According to the agreements on system information acquisition latency enhancement from the previous meeting, additional SIB1-NB on other subframes could be considered. It is obvious that SIB1-NB acquisition latency would be decreased proportionally to the number of additional SIB1-NB subframes at the expense of spectral efficiency of NPDSCH and NPDSCH. Therefore if we decide to introduce additional SIB1-NB, system overhead impact should be minimized. Taking it into account, the periodicity of additional SIB1-NB could be equal to or less than 20msec which is the current SIB1-NB transmission periodicity. Furthermore an additional SIB1-NB transmission needs to be configurable by NB-IoT cell, since SIB1-NB acquisition latency for UE in the normal coverage is 5.75 times as short as one in the enhanced coverage [5]. This configurability could allow eNB to enable or disable additional SIB1-NB transmission depending on its coverage. In addition, the current subframe indices for NPSS, NSSS, MIB-NB, and SIB1-NB which are NB-IoT cell broadcasting signals and channels have been determined avoiding potential MBSFN subframe locations. In the same way, additional SIB1-NB subframes should be limited to either subframe number 4 which does not carry the current SIB1-NB or subframe number 9 in even numbered radio frames. Considering the fact that subframe number 4 can be used for SIB1-NB transmission by neighbour cell when SIB1-NB retransmission number is 16, the subframe number 9 not carrying NSSS seems proper candidate for additional SIB1-NB transmission. On top of that, transmission pattern of additional SIB1-NB could be different from the current SIB1-NB transmission in order to provide more diversity gain and shortened SIB1-NB acquisition delay not only for UE in the enhanced coverage but also UE in the normal coverage. For example, if we assume that the SIB1-NB TBS is transmitted by partitioning it into 2 sub-groups, namely A and B, on every other radio frames, additional SIB1-NB transmission sub-groups could come in the order of B’ and A’ so that the total transmission sub-group order becomes A, B’, B, and A’ rather than A, A’, B, and B’. Here A’ and B’ are the same as A and B, respectively, however their resource mapping in a subframe may not be exactly the same with A and B. Despite the above advantages, we cannot deny that additional SIB1-NB is less likely to be used in the initial access procedure and it may potentially increase inter-cell interferences continuously and periodically. Therefore, introducing additional SIB1-NB has to be the last candidate choice from our point of view.
Proposal 1: If additional SIB1-NB is needed, whether or not to enable additional SIB1-NB should be configurable by eNB and its transmission manner could be different from the current SIB1-NB.
2.2.2. Advanced receiver
An advanced receiver could be considered as an alternative way to improve system information acquisition performance in accordance with the current specification which means spectral efficiency could be kept while enhancing system information acquisition performance. On top of that, a benefit of advanced receiver is that it is most likely to be used even in the initial acquisition stage, whereas additional SIB1-NB is not. In other previous meetings, some potential performance improvement possibilities were suggested by RAN1 as well as RAN4 and those are copied below [6]:

	· 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. 

· 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. 

· Advanced MIB-NB decoding techniques

· Advanced MIB-NB decoding techniques may be able to combine across multiple 640ms windows.


In RAN1#88 meeting [7], it has been reported that the required MIB-NB acquisition time can be reduced by the advanced receiving algorithm which is equipped with cross-subframe channel estimation and joint MIB-NB decoding across multiple MIB-NB TTIs. In a similar way, the fact that SIB1-NB acquisition latency can be shortened has been shown.
As mentioned above, the suggested advanced receiver [7] can be categorized into 2 types as below according to its complexity.

· Type-1: Advanced receiver with cross-subframe channel estimation
· Type-2: Advanced receiver with cross-subframe channel estimation and joint-decoding
According to observation results [7], cross-subframe channel estimation seems to contribute most to the overall performance improvements. Moreover, cross-subframe channel estimation can be reused for other channel demodulation such as NPDSCH as well as NPDCCH while joint-decoding algorithms for MIB-NB and SIB1-NB cannot. Besides, whether or not assistance information is needed for joint-decoding algorithms for MIB-NB and SIB1-NB is not clear yet.
Proposal 2: We prefer Type-1 advanced receiver equipped with cross-subframe channel estimation as long as a required performance enhancement can be satisfied and FFS on the number of subframes for cross-subframe channel estimation.
2.2.3. Assistance information for advanced receiver

Even though we prefer Type-1 advanced receiver, we cannot rule out the possibility that Type-1 receiver itself is not enough to meet the required performance enhancement. Assume that Type-2 receiver needs to be introduced, it is worth taking a close look at what aspects and information need to be taken into consideration. Considering there are 4 MSB bits of systemFrameNumber and 2 LSB bits of hyperSFN in MIB-NB, once UE correctly decode MIB-NB it can acquire 40.96 second timing boundary which is the same as SIB1-NB modification periodicity as well as scheduling information of SIB1-NB. Based on these MIB-NB contents, it could be taken that UE does not need to re-decode MIB-NB for SIB1-NB scheduling information update every 2560msec within SIB1-NB modification periodicity [8]. Based on this reason, SIB1-NB joint decoding across different 2560msec durations within a modification period seems possible without assistance information even in the current specification. On the other hand, if joint-decoding of SIB1-NB is expanded over SIB1-NB modification periodicity, UE has to re-obtain MIB-NB at the beginning of next SIB1-NB modification period first. However, even if UE confirms SIB1-NB scheduling information in the current SIB1-NB modification period has not changed in the next SIB1-NB modification period, it is not sure whether or not contents (excluding hyperSFN information) in SIB1-NB are the same as one in the previous SIB1-NB modification period. Therefore, if joint-decoding across SIB1-NB modification periodicity has to be considered, an indication signal and/or message to do with whether or not the SIB1-NB contents and its scheduling will be kept in the next SIB1-NB modification period is needed.

Proposal 3: If joint-decoding across SIB1-NB modification periodicity has to be considered, an indication signal and/or message to do with whether or not the SIB1-NB contents (excluding hyperSFN information) and its scheduling will be kept in the next SIB1-NB modification period is needed.

   - FFS on indication signal and/or message details
Furthermore, if assistance information is introduced, it would be better to design it for skipping MIB-NB and/or SIB1-NB decoding in the next SIB1-NB modification period as well as Type-2 advanced receiver.
Proposal 4: If assistance information for advance receiver is needed, it should be designed to be used for skipping SIB1-NB and/or MIB-NB reading as well.
3. Conclusion
In this contribution, we provided our views on system information acquisition latency enhancement taking into account an advanced receiving algorithm as well as additional SIB1-NB.
Proposal 1: If additional SIB1-NB is needed, whether or not to enable additional SIB1-NB should be configurable by eNB and its transmission manner could be different from the current SIB1-NB.
Proposal 2: We prefer Type-1 advanced receiver equipped with cross-subframe channel estimation as long as a required performance enhancement can be satisfied and FFS on the number of subframes for cross-subframe channel estimation.
Proposal 3: If joint-decoding across SIB1-NB modification periodicity has to be considered, an indication signal and/or message to do with whether or not the SIB1-NB contents (excluding hyperSFN information) and its scheduling will be kept in the next SIB1-NB modification period is needed.


   - FFS on indication signal and/or message details
Proposal 4: If assistance information for advance receiver is needed, it should be designed to be used for skipping SIB1-NB and/or MIB-NB reading as well.
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