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RAN4 indicated the UE requirements for the acquisition delays of system information for REL-13 category M1 UEs in normal and enhanced coverage [1]:

[bookmark: _Ref474174543]Table 1: Summary of acquisition delays of system information
	Parameter
	Cat 0
	Cat M1 CE Mode A
	Cat M1 CE Mode B

	T_MIB
	50
	120
	2560

	T_SIB1-BR
	
	160
	2560

	T_SI for cell re-selection
	1280
	1280
	6400

	T_SI for CGI
	1280
	1280
	5120

	T_SI for RRC re-establishment
	1280
	1280
	6400

	NOTE 1:  The parameters T_MIB and T_SI are defined in TS 36.133
NOTE 2:  T_SI for CGI includes time to acquire MIB and SIB1-BR



RAN4 observed:
Observation 1: The UE is required to acquire the MIB of the target cell during handover procedures.  This increases handover delay significantly for UE Cat-M1 CE Mode B.

Observation 2: It is the RAN4 understanding that the acquisition delay of the MIB and SIB1-BR in CE Mode B may become greater than or equal to the SIB1-BR modification boundary, and the UE may have to re-acquire the MIB.

RAN4 asks RAN1 and RAN2: 
Action 1: RAN4 respectfully asks RAN1 and RAN2 to consider enhancements that can reduce the time to acquire the system information.

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

Background
In the SI acquisition process the UE first must acquire MIB which among other things contains the SFN and SIB1-BR scheduling info. MIB is carried on PBCH. Rel-8 supports transmission of 4 PBCH transmissions during a 40-ms period, nowadays referred to as the “PBCH core part”. With BL/CE UEs in mind, Rel-13 introduces support for 5 times denser PBCH transmission, referred to as “PBCH repetition” [2].
Once MIB is acquired the UE can acquire SIB1-BR. SIB1-BR is carried over 4, 8 or 16 PDSCH transmissions during an 80-ms period, the number of transmissions and the transport block size indicated in MIB [3].
Other SIBs can be acquired once SIB1-BR is acquired. SIB1-BR contains the scheduling info of the other SIBs, and may also indicate which SI messages have changed. The systemInfoValueTag in SIB-BR indicates if any of the SIBs other than SIB14/SIB16 have changed, i.e. is common for all the other SIBs.
Decoding of MIB
In general, before MIB has been decoded and SFN is known, the UE cannot know when the SIB1-BR modification period starts. Thus, MIB decoding can start anywhere within one SIB1-BR modification period, and since in some cases, e.g., in deep coverage, the SIB1-BR acquisition time can be relatively long it is quite likely that UE will not manage to decode SIB1-BR before the SIB1-BR modification period ends.
Decoding of SIB1-BR
SIB1-BR would need to be acquired in the next SIB1-BR modification period. This is illustrated in the figure below. 



It is possible that MIB was updated during the border crossing and unless MIB is re-acquired this may affect the UE’s ability to decode SIB1-BR. To understand the impact of this we should look closer at the contents of MIB:
· DL bandwidth is typically never updated and will be ignored in the rest of the analysis.
· PHICH configuration is only applicable to legacy LTE and is ignored by BL/CE UEs.
· SFN is updated in every TTI but in a predictable way and its value is always known after the initial MIB decoding.
· SIB1-BR scheduling information could potentially be updated and if this happens the UE will likely fail to decode SIB1-BR. However, such changes are expected to be rare (e.g. EAB, ETWS or CMAS starts to be scheduled and the size of SIB1-BR changes).

As can be seen from the analysis above, the UE is almost always able to decode SIB1-BR except when SIB1-BR scheduling information is updated. In the rare case when SIB1-BR scheduling information is updated the SIB1-BR decoding may fail, but the UE should be able to recover by simply “starting over” and acquiring MIB and SIB1-BR again. Note that typically a network implementation would not frequently change the SIB1-BR scheduling information.
Decoding of other SIBs
SIBs other than SIB1-BR are sent in SI messages, which are sent on DL‑SCH. An SI message may contain one or more SIBs, as indicated in the scheduling info in SIB1-BR.
The content of these other SIBs may change after the BCCH modification period. The BCCH modification period is larger or equal to 20.48 seconds. The content in the other SIBs is not expected to change frequently, except for SIB14 during congestion periods. 
Furthermore, BL/CE UEs (including Cat-M1) are required to do parallel accumulation of multiple SI messages, which helps speed up the SI acquisition.
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 should have valid system information before access. 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 should 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 and has configured the paging channel.
[bookmark: _Ref465843822]Improved SI acquisition performance
In this section, we discuss methods that may be considered for enhancing the performance of MIB and SIB1-BR acquisitions. Improved acquisition performance gives rise to a shorter acquisition time.
Cross-subframe channel estimation
For BL/CE UEs (including Cat-M1), RAN1 considers that significant gains come from cross-subframe channel estimation, and therefore the physical layer design enables cross-subframe channel estimation at the UE receiver part. It is relatively straightforward to improve the receiver performance using cross-subframe channel estimation, and that RAN1 has assumed that this may be needed to reach the targeted coverage in CE mode B.
When the UE performs initial SI acquisition, before it has acquired SIB1-BR, it does not know which downlink subframes that are configured as BL/CE subframes. This could put a limit the amount of cross-subframe channel estimation that the UE can perform when doing the initial acquisition of MIB and SIB1-BR. However, it can be argued that a cell that supports large coverage enhancement is unlikely to be configured with many non-BL/CE subframes, so it may be worth considering approaches where the UE tries different hypotheses regarding the BL/CE subframe configuration during the initial SI acquisition.
Alternative MIB decoding techniques
Some alternative MIB decoding techniques can be considered for improving the acquisition performance. Techniques proposed in [4] and [5] achieve very good performance even for UEs in extreme coverage conditions. The technique described in [4] is mainly useful for SI re-acquisition where parts of the MIB content is known by the UE, whereas the technique described in [5] allows for accumulation of PBCH transmissions over a longer time than 40 ms even when the MIB content is unknown.
Table 2 shows results from [5] under AWGN conditions. Further evaluation should be performed to assess the performance also under fading conditions. The added UE complexity is expected to be modest.

[bookmark: _Ref417303518]Table 2	: Performance comparison of legacy and joint MIB decoding under AWGN conditions 
	Es/Iot -15 dB
	90%
	95%
	99%

	Legacy
	860 ms
	1125 ms
	1785 ms

	Joint decoding
	100 ms
	110 ms
	140 ms

	Es/Iot -12 dB
	90%
	95%
	99%

	Legacy
	90 ms
	110 ms
	140 ms

	Joint decoding
	60 ms
	60 ms
	85 ms



Enhanced SIB1-BR accumulation
When it comes to the SIB1-BR acquisition, as pointed out above, SIB1-BR accumulation during up to 5.12 seconds (possibly longer) can be considered, i.e. significantly longer than 80 ms. We expect RAN2 to comment on this in their response to RAN4 [6][7].
Power spectral density boosting
The eNB can boost the power on some downlink resource elements by borrowing power from other (possibly unused) resource elements. Normally this sort of power spectral density boosting is considered an eNB implementation aspect, meaning that the UE cannot assume that the boosting will take place.
However, if the UE processing can be helped by some indication from eNB that boosting is indeed taking place for some transmissions in a cell, it could be considered for introduction in a future standard release.
Introduction of additional repetitions
If it is concluded that further improvements of the SI acquition performance are desired beyond the ones listed above, it may be necessary to consider introduction of additional repetitions for some channel(s). Considering that Rel-14 is approching finalization, such improvements may be considered for a future standard release.
Conclusions
The following techniques can be considered for improving the SI acquisition performance.
1. Cross-subframe channel estimation
2. Alternative MIB decoding techniques
3. Enhanced SIB1-BR accumulation
4. Power spectral density boosting
5. Introduction of additional repetitions
It is proposed to communicate to RAN4 that techniques #1-#3 can be considered in Rel-14 FeMTC, whereas techniques #4-#5 can be considered in a future release.
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