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1 Introduction
RAN4 indicated the UE requirements for the acquisition delays of system information for REL-13 category NB1 UEs in normal and enhanced coverage [1], [2]: 

	Parameter (ms)
	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


RAN4 observed:
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.

And RAN4 asks RAN2 (and RAN1): 

Action 1: RAN4 respectfully asks RAN1 and RAN2 to consider future enhancements that can reduce the system information acquisition delay.

Action 2: RAN4 respectfully asks RAN1 and RAN2 to clarify whether the UE is expected to re-acquire the MIB-NB in those situations where the UE does not acquire the SIB1-NB before the end of the SIB1-NB modification period.

2 Background
SI acquisition

In the SI acquisition process the UE first has to acquire MIB-NB to be able to acquire SIB1-NB. The MIB-NB, among other, contains the SFN and SIB1-NB scheduling info. After the UE has acquired SIB1-NB the UE can acquire the other SIBs. SIB1-NB contains the scheduling info of the other SIBs, and may also indicate which specific SI messages have changed. The systemInfoValueTag in MIB-NB indicates if any of the SIBs other than MIB-NB/SIB14-NB/SIB16-NB have changed, i.e. is common for all the other SIBs. The SI acquisition process is depicted below: 
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» As for eMTC, the same Sl broadcast procedure is reused but in a PDCCH-less manner.

— PDCCH-less scheduling means scheduling parameters are either fixed or indicated in MIB-NB or SIB1-NB.

— 2 Hyper-SFN bits in MIB-NB, 8 remaining Hyper-SFN bits in SIB1-NB.

> NPBCH carrying MIB-NB is broadcasted every 10ms.
— For UEs in good coverage successful decoding is possible in only 1 subframe, i.e. accumulation is not
required which is beneficial for UE power consumption.
— MIB-NB contains Sl-valueTag and Access Barring enabled indication (unlike legacy and eMTC) .
» TBS (4 different) and number of repetitions for SIB1-NB is indicated in MIB.
— The is an offset for SIB1-NB between cells based on physical cell ID.
— As for eMTC, SIB1-NB can optionally contain a list valueTags for the Sl-messages.

— SIB1-NB indicate the scheduling information for SI-messages with 8 TBSs spread over 2 or 8 subframes,
and a repetition pattern to indicate in which radio frames during the si-Window these will be transmitted.
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MIB-NB

MasterInformationBlock-NB (MIB-NB) scheduling is fixed with a periodicity of 640 ms and with L1 repetitions in between, i.e. in every sub-frame 0. MIB-NB is send on PBCH. The MIB-NB contains:

· SFN (4 MSB bits)

· H-SFN (2 LSB bits)

· schedulingInfoSIB1

· systemInfoValueTag (any SIB change other than MIB-NB/SIB14-NB/SIB16-NB)

· ab-Enabled (access barring activated/de-activated, SIB14 acquisition)

· operationModeInfo

Due to the 4 MSB bits of the SFN in MIB, the MIB content is changed every 640 ms. The 2 LSB bits of the H-SFN in MIB-NB are updated every 10,24 seconds. 
The schedulingInfoSIB1 and systemInfoValueTag in MIB-NB can change after the SIB1-NB modification period (40,96 sec), because the SIB1-NB content and/or scheduling can change at that point. The operationModeInfo can change after the BCCH modification period (= modificationPeriodCoeff * defaultPagingCycle ≥ 40,96 sec). The ab-Enabled flag can change at any time i.e. after 640 ms (see section 5.2.1.7 in 36.331). The access barring parameters in SIB14-NB do not impact systemInfoValueTag in MIB-NB or systemInfoValueTagSI in SIB1-NB.

The UE is assumed to accumulate and combine the L1 repetitions of MB-NB within a single 640 ms period. However the UE typically starts MIB-NB reception at a random time within the MIB-NB periodicity, i.e. on average the UE will have 320 ms before the MIB-NB content changes due to SFN update.

SIB1-NB

SIB1-NB scheduling is fixed with a periodicity of 2.56 sec. SIB1-NB is broadcasted in every second sub-frame 4. SIB1-NB is send on DL‑SCH. The number of NPDSCH repetitions are indicated in MIB-NB (schedulingInfoSIB1). SIB1-NB has a modification period of 40.96 sec, i.e. only after 40,96 sec the SIB1-NB content may change. 
SIB1-NB contains important system information, e.g. cell access and cell re-selection info, which is typically not changed that frequently. However SIB1-NB also contains the 8 MSB bits of the hyper SFN, and is therefore updated every 4x10,24 = 40,96 sec
. SIB1-NB also carries the scheduling information of the other SIBs and optionally an SI message specific value tag list, which can indicate which SI message has changed. 
The UE can accumulate and combine SIB1-NB (NPDSCH repetitions) for up to 40,96 sec because the content does not change during that time. But SIB1-NB reception is expected to start at a random time within the SIB1-NB modification period, i.e. on average the UE has 20 sec until the SIB1-NB content changes: 
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Other SIBs
Other SIBs are send in SI-messages. SI-message are sent on DL‑SCH. An SI message may contain one or more SIBs, as indicated in the scheduling info in SIB1-NB.
The content of the other SIBs may change after the BCCH modification period. The BCCH modification period is larger or equal to 40.96s and indicated in SIB2-NB (modificationPeriodCoeff * defaultPagingCycle). SIB change (content and/or scheduling) is indicated by systemInfoValueTag in MasterInformationBlock-NB or systemInfoValueTagSI in SystemInformationBlockType1-NB.
The Access Barring parameters in SIB14-NB can change at any point in time (section 5.2.1.7 in 36.331), and such change does not impact systemInfoValueTag in MasterInformationBlock-NB or systemInfoValueTagSI in SystemInformationBlockType1-NB.
Changes in System Information
The SFN/H-SFN updates happen periodically, often and in a predictable way. The other system information changes (SI content or SI scheduling) are expected to happen occasionally, infrequently, and at random times. Perhaps during periods of congestion, the content of SIB14-NB changes frequently. The content in the other SIBs is not expected to change frequently, except for SIB14-NB during congestion periods. 
UE requirements

In NB-IoT the UE is not required to accumulate several SI messages in parallel. But the UE may need to accumulate an SI message across multiple SI windows depending on coverage condition (section 5.2.1.2a in 36.331).

When camped on a cell the UE monitors for system information change. UE is notified of SI change through paging when the DRX cycle is smaller than the modification period. Otherwise the UE needs to have valid system information before access, i.e. before access the UE needs to check systemInfoValueTag and ab-Enabled in MIB-NB. When the UE is in eDRX the UE is paged for any essential SI changes, such that the UE is not required to acquire SI changes when monitoring paging only.  

When the UE re-selects to a cell, for which it does not have stored info, the UE needs to re-acquire the complete system information. This use case is more relevant for mobile UEs, than for stationary UEs. For mobile UEs the UE should be able to re-acquire the complete system information for the duration the UE is in the cell. The UE is reachable in cell after the UE has acquired SIB2-NB and has configured the paging channel. 

3 Discussion
Based on the SI reading discussed in chapter 2 there is no need to re-acquire MIB-NB when SIB1-NB reception in previous SIB1-NB modification period failed, provided that these are in the same BCCH modification period: 
Observation 1: There is no need to re-acquire MIB-NB when SIB1-NB reception in previous SIB1-NB modification period failed, provided that these are in the same BCCH modification period.
Different BCH reception enhancement can be considered, which can reduced the SI reading latency. These BCH reception enhancements are discussed in RAN1 [3]: 

Observation 2a: BCH reception enhancement including cross sub-frame channel estimation decreases the SI acquisition delay.
Observation 2b: BCH reception enhancement where the UE is able to continue soft combining when SFN / H-SFN are updated in MIB-NB and H-SFN is updated in SIB1-NB decreases the SI acquisition delay [4].

Observation 2c: The UE can accumulate and combine SIB1-NB (NPDSCH repetitions) for up to 40,96 sec.

Assumption: BCH reception enhancements can reduce the SI acquisition delay such that increase of SIB1-NB modification period is not required.
RAN2 can discuss if the UE should be required to accumulate multiple SI messages in parallel: 
Observation 3: The capability to accumulate SI messages in parallel decreases the SI acquisition delay for the case where the UE needs to re-acquire the complete system information, i.e. the UE needs to re-acquire multiple SI messages. 
Proposed way forward
Proposal 1: Send reply to RAN4 based on the observations made above. 
A draft LS is provided for information. 
Proposal 2: RAN2 to discuss if the NB-IoT UE should be required to accumulate multiple SI messages in parallel. 

4 Summary

RAN2 is kindly asked to discuss SI acquisition delay in NB-IoT: 

Proposal 1: Send reply to RAN4 based on the observations made above. 

Proposal 2: RAN2 to discuss if the NB-IoT UE should be required to accumulate multiple SI messages in parallel. 
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� When H-SFN in SIB1-NB is updated, systemInfoValueTag in MIB-NB is not updated. 
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