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1 Introduction
In the WI of further NB-IoT enhancement (RP-171428), the following optimization objective is prioritized:

	A-5. 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 paper, we will provide our analysis on the issues and potential solutions. We will also give our preference.
2 Discussion
2.1 Background

There may already have some discussion on how to fasten system information acquisition. Another way may be to reduce the number of times of system information acquisition. From RAN2 perspective, new mechanism for skipping SIB-NBs reading would be mainly considered.
2.2 To skip SIB1/SI reading for serving cell
2.2.1 To extend modification period
In[1], it’s proposed that eNB indicates a validity interval or the expiration time of MIB-NB and SI information to allow the UE to skip reacquiring MIB-NB and SI that will remain unchanged. If the UE wakes up within the MI/SI validity interval of the version that it has acquired previously, there is no need to reacquire the same information. Based on our understanding, if the validity interval indicated by eNB is small, the benefit is very limited. But if the validity interval is long, which implicitly means the NB cannot change the system information in this long period even the network thinks it’s necessary to change some parameters.
In the current RAN2 specifications, there already have similar schemes for efficient system information acquisition, e.g., change notification, modification period and si-ValidityTime.
If the network doesn’t change system information, e.g., the NB-IoT UE doesn’t receive change notification of the system information, the UE will defaultly consider stored system information to be invalid after 24 hours from the moment it was successfully confirmed as valid. That means, the UE will consider the system information valid for 24h if no changes happen.  For the case that UE returns from out of coverage, the UE should acquire systemInfoValueTag and verify if the previously stored SI messages are still valid.
If the network changes system information, it first notifies the UEs about this change, i.e. this may be done throughout a modification period. In the next modification period, the network transmits the updated system information. The modification period boundaries can be calculated based on the configuration parameters. Furthermore,
· Upon receiving a change notification, the UE not configured to use a DRX cycle that is longer than the modification period acquires the new system information immediately from the start of the next modification period. 
· Upon receiving a change notification applicable to eDRX, a UE in RRC_IDLE configured to use a DRX cycle that is longer than the modification period acquires the updated system information immediately from the start of the next eDRX acquisition period.
The above mechanism could be illustrated in the following figure:
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Moreover, based on the configured parameters, it can be calculated that the maximum of actual modification period (expressed in number of radio frames= modificationPeriodCoeff * defaultPagingCycle) would be 1310720ms (128*rf1024), e.g., 21.84 minutes for the NB-IoT. It seems like the actual modification period is not so long . if we can assume that SIB/SI are rarely changed, maybe we can consider extending modification period that may has similar effect as a configured long validity interval. However, we cannot only think the case of rare change for system information, the case that the changing of configuration at the eNB is burst when it’s needed should also be considered. In order to guarantee the updated system information would be acquired by the UEs as soon as possible, the modification period cannot be too large. The larger modification period means longer waiting time period for the updated system information for the UE even it has already get the change notification.  

On the other hand, if the network really has no need to change system information for a while, the UE would not receive the change notification and would not perform unnecessary system acquisition. Moreover, since systemInfoValueTag is already introduced into MIB-NB, the case that UE reads SIB-NB but finds systemInfoValueTag is unchanged can be avoided.
Observation 1: Extending modification period or introducing a long valid interval for system information have no obvious benefit for reduce the times of system information acquisition, but may have disadvantage that system information updating would be delayed.
2.2.2 To pre-configure several value sets for SIBs

Moving systemInfoValueTag into MIB-NB could reduce the occurrences of UE reading SIB1-NB, but it may be not enough. A few changes on some critical SIBs would still trigger system information update. We just assume only a few parameters needs to be changedwith several frequently-used values.
Generally we can think a new value of systemInfoValueTag is corresponding to a new value set for all the SIB-NBs. In order to further reduce the reading SIB1-NB and other SI-NBs, we suggest to introduce a few frequently-used value sets(e.g. 3 sets) for all or some critical SIB-NBs. These value sets can be seen as the configuration which are used frequently or repeatedly. The additionals tag in MIB-NB(e.g., 2bits) would be needed for these frequently-used configurations. Each time the UE receives the updated configuration, the UE would check the additional tag in MIB-NB. If the additional tag is a valid value(e.g. “01”), that means the current broadcasted value set is a frequently-used configuration. If it’s the first time for the UE to receive this value set, the UE would store it with its additional tag in MIB-NB. If some time later the UE receives the change notification and the additional tag broadcasted in MIB-NB matches a tag of the UE’s stored value sets, the UE will not acquire the updated system information. The UE will just switch to the stored configuration which is corresponding to the broadcasted additional tag and use it as the updated system information. A reserved value (or an invalid value, e.g. “11”) is needed for these two bits in MIB-NB. If the broadcasted additional tag is set to the reseved value, that means the network broadcasts a new value set for the SIB-NBs, the UE will acquire the new system information with the legacy mechanism.
Proposal 1: It’s suggested to pre-configure several value sets for the SIB-NBs and use information in MIB-NB to indicate which pre-configured value set is current used.
2.3 To include SIB-NBs of neighbor cells in the SIB of serving cell

There has some thoughts for providing SIB-NBs of all the neighbor cells through the SIB1-NB broadcasted in the serving cell. The intention is to reduce the acquiring time when the UE re-select to other cell in RRC_IDLE state. However, it’s obvious that the signalling overhead of this way is very large. Considering that the maximum size of SIB1-NB would be about 360bytes (an estimation can be found in Annex), and there have at most 16 intra-frequency neighbor cells and at most 2 inter frequencies each with 16 inter-frequency neighbor cells, even if only the SIB1-NBs of all the neighbor cells are broadcasted in serving cell, the maximum overhead will be about 17280bytes. Even with some delta configuration schems, we still think such overhead would be unacceptable for NB-IoT.
Observation 2: Since the signalling overhead would be very large, it’s not feasible to provide SIB1-NBs of all the neighbor cells through the SIB in serving cell with the intention to reduce the acquiring time when the UE re-selects to other cells in RRC_IDLE state.
3 Conclusion

Based on the analysis in this paper, we have the following observations and proposals:
Observation 1: Extending modification period or introducing a long valid interval for system information have no obvious benefit for reduce the times of system information acquisition, but may have disadvantage that system information updating would be delayed.
Observation 2: Since the signalling overhead would be very large, it’s not feasible to provide SIB1-NBs of all the neighbor cells through the SIB in serving cell with the intention to reduce the acquiring time when the UE re-selects to other cells in RRC_IDLE state.
Proposal 1: It’s suggested to pre-configure several value sets for the SIB-NBs and use information in MIB-NB to indicate which pre-configured value set is current used.
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5 Annex

Estimation on total size of SIB1-NB(maximum):
	Field
	Size (bits)
	

	SystemInformationBlockType1-NB
	(2921bits)
	

	
	hyperSFN-MSB-r13
	8
	

	
	cellAccessRelatedInfo-r13
	(238)
	

	
	
	plmn-IdentityList-r13
	192
	6*32bits=192bits, Maximum 6 PLMNs

	
	
	trackingAreaCode-r13
	16
	

	
	
	cellIdentity-r13
	28
	

	
	
	cellBarred-r13
	1
	

	
	
	intraFreqReselection-r13
	1
	

	
	cellSelectionInfo-r13
	(11)
	

	
	
	q-RxLevMin-r13
	6
	

	
	
	q-QualMin-r13
	5
	

	
	p-Max-r13
	6
	

	
	freqBandIndicator-r13
	8
	

	
	freqBandInfo-r13
	44
	4*11bits=5217bits,Maximum 4 NS-PmaxValue-NB-r13

	
	multiBandInfoList-r13
	(416)
	8*52bits=5217bits, ,Maximum 4 MultiBandInfo-NB-r13

	
	
	MultiBandInfo-NB-r13
	416
	

	
	downlinkBitmap-r13
	40
	

	
	eutraControlRegionSize-r13
	2
	

	
	nrs-CRS-PowerOffset-r13
	4
	

	
	schedulingInfoList-r13
	(2112)
	8*264bits=2112bits, ,Maximum 8 SchedulingInfo-NB-r13

	
	
	si-Periodicity-r13
	3
	

	
	
	si-RepetitionPattern-r13
	2
	

	
	
	sib-MappingInfo-r13
	256
	

	
	
	si-TB-r13
	3
	

	
	si-WindowLength-r13
	3
	

	
	si-RadioFrameOffset-r13
	4
	

	
	systemInfoValueTagList-r13
	(16)
	8*2bits=16bits, ,Maximum 8 SystemInfoValueTagSI-r13

	
	SystemInformationBlockType1-NB-v1350
	(3)
	

	
	
	delta-RxLevMin-v1350
	3
	

	
	SystemInformationBlockType1-NB-v1430
	(6)
	

	
	
	powerClass14dBm-Offset-r14
	3
	

	
	
	ce-authorisationOffset-r14
	3
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