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1 Introduction
In the WI of even further enhanced MTC for LTE (RP-171427), the following optimization objective is given:

	· Reduced system acquisition time [RAN1 lead, RAN2, RAN4]
·     Improved cell search and/or system information (including MIB and SIB1-BR) acquisition performance


RAN1 has some discussion on this topic. In the RAN1 liaison (R1-1709834), RAN1 give the following agreements regarding system acquisition time reduction for BL/CE UEs in RAN1#88bis and RAN1#89:

	· Techniques for system acquisition time reduction to be considered:

· PSS/SSS

· Enhanced (e.g. repeated) PSS/SSS based on PSS/SSS or NPSS/NSSS design

· Use of NPSS/NSSS on NB-IoT anchor carrier

· PBCH

· Enhanced (e.g. repeated) PBCH based on PBCH or NPBCH design

· Use of NPBCH on NB-IoT anchor carrier

· Combining across 40-ms PBCH periods (unless already part of Rel-14 demodulation requirements)

· New mechanism allowing to skip MIB message reading

· SIB1-BR

· Additional repetitions of SIB1-BR

· Accumulation across SIB1-BR modification periods (unless already part of Rel-14 demodulation requirements)

· New mechanism allowing to skip SIB1-BR reading

· E.g. SI update indication or other indication in MIB or another channel

· SI messages

· Additional repetitions of SI messages

· Accumulation across SI modification periods

· New mechanism allowing to skip SI message reading

· E.g. SI update indication or other indication in MIB or another channel


As said in the liaison, RAN1 think some of the techniques that are being considered are expected to have RAN2 and RAN4 impacts, and ask whether any of the techniques are already or expected to be part of Rel-14. In this paper, we will provide our analysis on the RAN2 impacts of some of above techniques and other 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, the following techniques will have RAN2 impacts and should be further considered in RAN2:
· New mechanism allowing to skip SIB1-BR reading
· New mechanism allowing to skip SI message reading
2.2 New mechanism allowing to skip SIB1-BR reading
2.2.1 To skip SIB1-BR reading for serving cell
2.2.1.1 To include some information of SIB1-BR in the MIB 
In [1], it says new schemes that allow the UE to receive an alternative systemInforValueTag without acquiring SIB1-BR could greatly reduce the frequency that the UE is required to fully reacquire SI. Possible schemes for transmitting this new pre-SIB1-BR systemInfoValueTag include using spare values in the current PBCH and NB-IoT already does this. We think such scheme is reasonable.
Proposal 1: It’s suggested to move systemInfoValueTag in SIB1-BR into MIB. If systemInfoValueTag is unchanged, the UE will skip SIB1-BR reading.
However, since the systemInfoValueTag has 5 bits and MIB only has 5 spare bits, using the spare bits in MIB as systemInfoValueTag means no spare bits will be remained for future usage.  
Observation1: It’s worth considering to move systemInfoValueTag in SIB1-BR into MIB(like NB-IoT already has done) . Then the rare spare bits in MIB will be exhausted.
One way we can consider is to separate the systemInfoValueTag into two parts and these two parts can be transmitted through the continuous two MIB messages. The UE should receive the continuous MIB messages and combine the two parts to achieve a complete systemInfoValueTag IE. Each part of systemInfoValueTag can be included in a new IE in MIB, e.g. a IE naming partialSystemInfoValueTag and with the length of 3 bits. Throughout a modification period, based on some rules, e.g. the MIB message which includes the first part of systemInfoValueTag should be the one in which the systemFrameNumber is even, the UE can distinguish the sequence of the received two MIB messages and correctly combine the partialSystemInfoValueTag in MIBs into complete systemInfoValueTag information. 
Proposal 2: It’s suggested to separate the systemInfoValueTag into two parts to be included in MIBs. The UE should receive the continuous two MIB messages and combine the two parts to achieve a complete systemInfoValueTag.
In[2], 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 BL UE or UE in CE 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. If the UE is configured by parameter si-ValidityTime, the validity period for BL UEs or UEs in CE would be 3h. That means, the UE will consider the system information valid for 3h or 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 163840ms (64*rf256), e.g., 2.72 minutes for the BL UE or UE in CE. 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 information acquisition. Moreover, in the R13/R14 eMTC, the SIB1-BR should be always read by the UE upon return from out of coverage, in order to acquire systemInfoValueTag and verify if the previously stored SI messages are still valid. Now with the proposal 1, the scenario that UE reads SIB-BR but finds systemInfoValueTag is unchanged already can be avoided.
Observation 2: Extending modification period or introducing a long valid interval for system information have no obvious benefit for reducing the times of system information acquisition, but may have disadvantage that system information updating would be delayed.
2.2.1.2 To pre-configure several value sets for SIBs
Moving systemInfoValueTag into MIB will reduce the occurrences of UE reading SIB1-BR, 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 changed to several frequently-used values.
Generally we can think a new value of systemInfoValueTag is corresponding to a new value set for all the SIBs. In order to further reduce the reading SIB1-BR and other SI, we suggest to introduce a few frequently-used value sets(e.g. 3 sets) for all or some critical SIBs. These value sets can be seen as the configuration which are used frequently or repeatedly. The additionals tag in MIB(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. 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. If some time later the UE receives the change notification and the additional tag broadcasted in MIB 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. If the broadcasted additional tag is set to the reseved value, that means the network broadcasts a new value set for the SIBs, the UE will acquire the new system information with the legacy mechanism.
Proposal 3: It’s suggested to pre-configure several value sets for the SIBs and use information in MIB to indicate which pre-configured value set is current used. 
2.2.2 To skip SIB1-BR in mobility case 
There has the way to skip SIB1-BR reading when the UE move from one cell to another cell since the SIB1-BR and SIB2 of the target neighbor cell already can be provided by handover command message.

Observation 3: SIB1-BR and the BR version of SIB2 of the target neighbor cell already can be provided directly through the RRCConnectionReconfiguration message in RRC_CONNECTED state.
Similar with the machanism for the UE in RRC_CONNECTED state, there has some thoughts for providing SIB1-BR of all the neighbor cells through the SIB broadcasted in the serving cell. The intention is also 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-BR would be more than 1000bytes (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-BRs of all the neighbor cells are broadcasted in serving cell, the maximum overhead will be more than 48000 bytes. Even with some delta configuration schems, we still think such overhead would be unacceptable.
Observation 4: Since the signalling overhead would be very large, it’s not feasible to provide SIB1-BRs 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:
Observation1: It’s worth considering to move systemInfoValueTag in SIB1-BR into MIB(like NB-IoT already has done) . Then the rare spare bits in MIB will be exhausted.
Observation 2: Extending modification period or introducing a long valid interval for system information have no obvious benefit for reducing the times of system information acquisition, but may have disadvantage that system information updating would be delayed.
Observation 3: SIB1-BR and the BR version of SIB2 of the target neighbor cell already can be provided directly through the RRCConnectionReconfiguration message in RRC_CONNECTED state.
Observation 4: Since the signalling overhead would be very large, it’s not feasible to provide SIB1-BRs 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 move systemInfoValueTag in SIB1-BR into MIB. If systemInfoValueTag is unchanged, the UE will skip SIB1-BR reading.
Proposal 2: It’s suggested to separate the systemInfoValueTag into two parts to be included in MIBs. The UE should receive the continuous two MIB messages and combine the two parts to achieve a complete systemInfoValueTag.
Proposal 3: It’s suggested to pre-configure several value sets for the SIBs and use information in MIB to indicate which pre-configured value set is current used.
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5 Annex

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

	SystemInformationBlockType1
	(8442)
	

	
	cellAccessRelatedInfo
	(260)
	

	
	
	plmn-IdentityList
	186
	6*31bits=186bits, Maximum 6 PLMNs

	
	
	trackingAreaCode
	16
	

	
	
	cellIdentity
	28
	

	
	
	cellBarred 
	1
	

	
	
	intraFreqReselection
	1
	

	
	
	csg-Indication
	1
	

	
	
	csg-Identity
	27
	

	
	cellSelectionInfo
	(9)
	

	
	
	q-RxLevMin
	6
	

	
	
	q-RxLevMinOffset
	3
	

	
	p-Max
	6
	

	
	freqBandIndicator
	6
	

	
	schedulingInfoList
	5216
	32*63bits=5216bits,Maximum 32 SchedulingInfo 

	
	tdd-Config
	7
	

	
	si-WindowLength
	3
	

	
	systemInfoValueTag
	5
	

	
	SystemInformationBlockType1-v8h0-IEs
	(48)
	

	
	
	multiBandInfoList
	48
	8*6bits=48bits, Maximum 8 bands

	
	SystemInformationBlockType1-v9e0-IEs
	(72)
	

	
	
	freqBandIndicator-v9e0
	8
	

	
	
	multiBandInfoList-v9e0
	64
	

	
	SystemInformationBlockType1-v10j0-IEs
	(792)
	

	
	
	freqBandInfo-r10
	88
	8*11bits=88bits, Maximum 8 NS and P-Max per band

	
	
	multiBandInfoList-v10j0
	704
	8*88bits=704bits

	
	SystemInformationBlockType1-v920-IEs
	(9)
	

	
	
	ims-EmergencySupport-r9
	1
	

	
	
	cellSelectionInfo-v920
	8
	

	
	SystemInformationBlockType1-v1130-IEs
	(6)
	

	
	
	tdd-Config-v1130
	1
	

	
	
	cellSelectionInfo-v1130
	5
	

	
	SystemInformationBlockType1-v1250-IEs
	(7)
	

	
	
	cellAccessRelatedInfo-v1250
	 (1)
	

	
	
	          category0Allowed-r12
	1
	

	
	
	cellSelectionInfo-v1250
	5
	

	
	
	freqBandIndicatorPriority-r12
	1
	

	
	SystemInformationBlockType1-v1310-IEs
	(818)
	

	
	
	hyperSFN-r13
	10
	

	
	
	eDRX-Allowed-r13 
	1
	

	
	
	cellSelectionInfoCE-r13
	11
	

	
	
	bandwidthReducedAccessRelatedInfo-r13 
	(678)
	

	
	
	          si-WindowLength-BR-r13
	4
	

	
	
	          si-RepetitionPattern-r13
	2
	

	
	
	          schedulingInfoList-BR-r13
	672
	32*21bits=672bits, Maximum 32 SchedulingInfo

	
	
	 fdd-DownlinkOrTddSubframeBitmapBR-r13
	(40)
	

	 
	
	          subframePattern40-r13
	40
	

	
	
	fdd-UplinkSubframeBitmapBR-r13
	10
	

	
	
	startSymbolBR-r13
	2
	

	
	
	si-HoppingConfigCommon-r13
	1
	

	
	
	si-ValidityTime-r13
	1
	

	
	
	systemInfoValueTagList-r13
	64
	32*2bits=64bits

	
	SystemInformationBlockType1-v1320-IEs
	(9)
	

	
	
	freqHoppingParametersDL-r13 
	(9)
	

	
	
	         mpdcch-pdsch-HoppingNB-r13
	1
	

	
	
	         interval-DLHoppingConfigCommonModeA-r13
	2
	

	
	
	interval-DLHoppingConfigCommonModeB-r13
	2
	

	
	
	mpdcch-pdsch-HoppingOffset-r13
	4
	

	
	SystemInformationBlockType1-v1350-IEs
	(11)
	

	
	
	cellSelectionInfoCE1-r13
	11
	

	
	SystemInformationBlockType1-v1360-IEs
	(6)
	

	
	
	cellSelectionInfoCE1-v1360 
	6
	

	
	SystemInformationBlockType1-v1430-IEs
	(1152)
	

	
	
	eCallOverIMS-Support-r14
	1
	

	
	
	tdd-Config-v1430
	1
	

	
	
	cellAccessRelatedInfoList-r14
	1150
	5*230bits=1150bits, Maximum 5 PLMN
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