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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. According to the work item description document [1], working groups involved in this agenda are RAN WG1, WG2, and WG4, though RAN WG1 is supposed to be the leading working group. In order to work efficiently together with other working groups, the working scope of this agenda should be clarified first in this RAN1#88bis meeting which is the very first meeting for this work item. In this contribution, followings will be covered:
· Investigate whether this improvement could be achieved by UE transparent manners or whether further RAN1 enhancements are needed
· Investigate what aspects should be taken into account
· Investigate possible design options on cell broadcasting signals and channels, namely NPSS/NSSS and NPBCH, and NPDSCH carrying system information from macroscopic point of view
2. Discussion

Before beginning the discussion on details about system information acquisition time enhancement, we need to take a look at scenarios where prerequisite conditions for the enhancement could be different and may end up affecting working assumptions and design principles.
· Scenario-1: before MIB-NB decoding
· Scenario-2: after MIB-NB decoding
In Scenario-1, UE does not even know whether it is an NB-IoT anchor carrier, or whether an eNB on that anchor carrier supports Rel-15 system information enhancement feature. This may eventually mandate Rel-15 NB-IoT UEs to detect cell and decode system information in a blind manner which is not desirable for NB-IoT UEs. Considering Rel-15 NB-IoT capability expansion in terms of data rate, measurement and so on, blind detection could be acceptable as long as it can be implemented and run in an efficient way.
In Scenario-2, once UE decoded MIB-NB, UE may be aware whether the detected eNB is Rel-15 or not so it will be able to operate in a very efficient way. In this case, however, UE may have to consume substantial time and power to obtain system information at the very beginning. Assuming NB-IoT UEs’ mobility is limited to a certain area, the considerable time and power consumption would not be a serious problem but this tends to limit potential future use cases.
Proposal 1: If RAN1 decides to enhance system information delay, it should be able to apply to Scenario-1 as well as Scenario-2.
If we conclude that more cell broadcasting signals and channels, namely NPSS/NSSS and NPBCH, and NPDSCH carrying system information should be introduced, anchor carrier is most likely to be overcrowded with these additional signals and channels as well as the current essential signals and channels. Taking into account the fact that there must be plenty of NB-IoT UEs which stay not far away from eNB and do not need to exploit additional signals and channels, it could be better to transmit these upon another carrier so that Rel-14 NB-IoT UEs and near NB-IoT UEs do not have to retune frequency back and forth unnecessarily.
Proposal 2: If RAN1 agrees to introduce additional signals and channel for system information acquisition time enhancement, those could be transmitted on another carrier co-located with an anchor carrier.
2.1. Cell detection
A study of cell detection delays from NPSS and NSSS detection is required prior to beginning the discussion on cell detection improvement details. And which part of cell detection contributes most to cell acquisition delay should be investigated first so that we can come up with appropriate solutions. Table 1 shows the typical NPSS and NSSS detection performance in terms of detection delays in milliseconds under EPA1Hz and in-band operation mode so that we can see which part of detection consumes most of the cell detection time. Based on Table 1, we believe that the current NPSS and NSSS are sufficient for NB-IoT UEs in a normal coverage area, and especially an NSSS can be detected by one opportunity. NPSS detection delay for an extended coverage, however, increases as much as 8 times longer than that in a normal coverage while NSSS detection delay increases 4 times. Even though cell detection delays consumed by NPSS and NSSS detection depend on algorithms and could be different between companies, an NB-IoT UE in an extended coverage area obviously spends most of its cell detection time on detecting NPSS.
Table 1.Comparisons of detection delays between NPSS and NSSS
	
	Detection delay (msec)

	SNR
	NPSS
	NSSS

	-6dB
	40
	20

	-12dB
	480
	80

	-15dB
	2560
	400


Observation 1: An enhancement of NPSS and NSSS is not necessary for NB-IoT UE in a normal coverage area.
Observation 2: An NB-IoT UE in an extended coverage area spends most of cell detection time on detecting NPSS and it is as much as 6 times longer than NSSS detection.
Possible options for cell detection delay enhancement can be listed as follows:

· Option-0: UE transparent manner without additional NPSS and NSSS
· Option-1: introducing additional NPSS only
· Option-2: introducing additional NSSS only
· Option-3: introducing additional NPSS and NSSS
Although an advanced receiver could be one strong candidate for Option-0, it does not seem to be in RAN1 scope. And another UE transparent manner could be PSD boosting which can be considered as a network implementation solution. However, PSD boosting would cause scheduling restriction for other UEs, inter-cell interference problems and so on. On top of that, it could not be applied to guard-band operation mode. Based on the observation results above, at least we can say that an NPSS detection enhancement could be considered first among 3 other options from 1 to 3 if we conclude that the current cell detection delay limits NB-IoT cell coverage or UE’s battery life.

If we take Option-3 for now, we can simply list 3 follow-up options as below:
· Option-1: More repetition of the current NPSS/NSSS
· Option-2: More repetition of modified NPSS/NSSS
It is obvious that Option-1 may lead to cell detection performance degradation for legacy NB-IoT UEs. Modified NPSS/NSSS in Option-2, however, may reduce the impact on legacy NB-IoT UEs as much as possible, while enhancing cell detection and tracking performances for Rel-15 NB-IoT UEs. Here “modified NPSS/NSSS” may require a little more extra memories and processors, but its increment should be as small as possible so that it can be acceptable to NB-IoT UE implementation. In Option-2, there could be various types of modifications based on the current NPSS and NSSS such as root index change with the same length of Zadoff-Chu sequence and/or different binary cover codes for NPSS and different Hadamard cover codes keeping its length and/or phase shift change on polyphase sequence for NSSS. And other types of modifications could be possible as long as they do not increase NB-IoT UEs’ complexity and power consumption prohibitively.
Proposal 3: When RAN1 reaches a conclusion that additional synchronization signal(s) should be introduced for a cell detection delay enhancement, a modification of the current NPSS and/or NSSS could be considered as the additional synchronization signal(s).
· FFS on modification details

2.2. System information acquisition

Before diving deep into a detailed discussion, we would like to see first if system information acquisition delays cannot be reduced in accordance with the current specification. Since we assumed “keep-trying decoding mechanism” as a baseline receiver, large latency for system information acquisition would be unavoidable even though a certain level of time diversity could be obtained by means of “keep-trying” over multiple 640msec and 2560msec for MIB-NB and SIB1-NB respectively. But in the previous meeting, some potential performance improvement possibilities were suggested by RAN1 and those are copied below:

	· 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. 

· 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.


System information acquisition performances have not been reported with the suggested methods. If we cannot achieve a meaningful performance gain or the suggested methods cause severe complexity and power consumption, then it would be very helpful for us to set up design principle and figure out the amount of SNR gains we have to obtain through this work item.
Proposal 4: We need to see first if the latency for system information acquisition cannot be reduced without specification changes and how much performance improvement should be considered in terms of SNR.
Assume that we decided to improve system information acquisition latency, then options for design principle could be given as follows:
· Option-1: More repetition of the current MIB-NB and/or SIBx-NB
· Option-2: More repetition of modified MIB-NB and/or SIBx-NB
· FFS on SIB1-NB and other SIBx-NB
If we take Option-1, it seems that NB-IoT UEs can reuse the most of existing hardware as well as software but is likely to lose chances to obtain performance improvements compared to Option-2. On the contrary, Option-2 may be able to utilize time/frequency diversities or more channel coding gain to reduce system information acquisition latency so that it can lengthen battery life at the expense of computational and/or implementation complexity. Even though there must be a trade-off between Option-1 and Option-2, Option-2 could be a preferable starting point for this discussion as long as its complexity increment is affordable for NB-IoT UEs.
One of the main motivations RAN1 decided to transmit the same MIB-NB sub-block over 8 consecutive radio frames is to allow NB-IoT UEs to accurately estimate frequency offset by using 2 or more same MIB-NB sub-blocks spaced out with 10msec time intervals at the expense of channel coding gain. At least, in the case of additional MIB-NB, this constraint would not need to be taken into account. Therefore, RAN1 may be able to come up with various types of modifications as explained above in the NPSS/NSSS examples. MIB-NB and SIBx-NB, however, are not sequences but coded and modulated symbols. Because of that, MIB-NB and SIBx-NB could be modified in different ways, for example, resource element mapping rule, redundancy version shifting and so on.
Proposal 5: If RAN1 has to improve system information acquisition latency, more repetition of modified MIB-NB and/or SIBx-NB can be considered.


- FFS on modification details
According to simulation results from RAN4, 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. In order to resolve this issue in a relatively simple way, there could be an alternative solution which allows NB-IoT UEs to combine SIB1-NBs across a certain number of SIB1-NB TTIs or period by using part of MIB-NB spare 11bits.
Proposal 6: In order to allow NB-IoT UEs to combine SIB1-NBs across a certain number of SIB1-NB TTIs or period, part of MIB-NB spare 11bits can be used.


- FFS on the details
3. Conclusion
In this contribution, we provided observation results on cell detection performance in terms of delay so that we can clearly see which part contribute most to cell detection latency between NPSS and NSSS.
Observation 1: An enhancement of NPSS and NSSS is not necessary for NB-IoT UE in a normal coverage area.
Observation 2: An NB-IoT UE in an extended coverage area spends most of cell detection time on detecting NPSS and it is as much as 6 times longer than NSSS detection.
And throughout this contribution, we tried to make the working scope clear so that we can take an efficient approach toward a system information acquisition enhancement.
Proposal 1: If RAN1 decides to enhance system information delay, it should be able to apply to Scenario-1 as well as Scenario-2.
Proposal 2: If RAN1 agrees to introduce additional signals and channel for system information acquisition time enhancement, those could be transmitted on another carrier co-located with an anchor carrier.
Proposal 3: When RAN1 reaches a conclusion that additional synchronization signal(s) should be introduced for a cell detection delay enhancement, a modification of the current NPSS and/or NSSS could be considered as the additional synchronization signal(s).

· FFS on modification details

Proposal 4: We need to see first if the latency for system information acquisition cannot be reduced without specification changes and how much performance improvement should be considered in terms of SNR.
Proposal 5: If RAN1 has to improve system information acquisition latency, more repetition of modified MIB-NB and/or SIBx-NB can be considered.


- FFS on modification details
Proposal 6: In order to allow NB-IoT UEs to combine SIB1-NBs across a certain number of SIB1-NB TTIs or period, part of MIB-NB spare 11bits can be used.


- FFS on the details
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