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Discussion and Decision
1 Introduction

In [1], one objective of the WID is:  
Improved latency:

· Reduced system acquisition time [RAN1 lead, RAN2, RAN4]
· Improved cell search and/or system information (including MIB and SIB1-BR) acquisition performance
In RAN1#88bis, the following list of techniques was agreed for further study:
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
· New mechanism allowing to skip SI message reading
· E.g. SI update indication or other indication in MIB or another channel
In this contribution, we consider the potential techniques for improving system acquisition time.
2 Reducing system acquisition time
From RAN1#88bis, one of the methods considered for improving PSS/SSS times is the use of the NPSS/NSSS.  For in-band scenarios with an MCL of around 164 dB, results from [2], [3], suggest that average Cell ID acquisition time using NPSS/NSSS, is worse than using PSS/SSS.
Furthermore, in our view, the original WID description of this objective, targets improvements in all deployment scenarios, not just those where NB-IoT is present.  Hence since using NPSS/NSSS and/or NPBCH for improving cell acquisition times for Rel-15 Cat-Mx devices are limited to deployments where NB-IoT co-exists with eFeMTC, other methods for improving system acquisition times are still required for deployments where NB-IoT is not present.  
Observation 1:   
Techniques for improving system acquisition times should be applicable to all deployments, not just those where NB-IoT is also deployed.
In addition, whilst the WID description states “improved cell search” as an “and/or” goal, it does not define a specific target value or scenario for this objective to prioritize.  For that information, we consider it is better to refer to the Release-14 LS statement [4] observations from RAN4 on the problem of system acquisition times. In that LS, the following observations with system acquisition time are observed:
LS observation 1:  
The UE is required to acquire the MIB of the target cell during handover procedures.  This increases handover delay significantly for the Cat-M1 UE in CE Mode B.

LS 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.
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For the second LS observation listed above, where the MIB and SIB1-BR readings cross SIB1-BR modification boundaries, since the only MIB information, specifically the SIB1-BR scheduling index, that could have any impact across this boundary on subsequent SIB1-BR reading, is unlikely to change often it is unclear if it is even necessary to force the UE to re-acquire the MIB.  Even in the rare event that the SIB1-BR scheduling index does change across this boundary, the UE is expected to recover.

Observation 2:   
On occasions where MIB and SIB1-BR readings cross SIB1-BR modification boundaries, it may not be necessary to require the UE to re-acquire MIB. 
For the issues highlighted by the LS, it can be argued that improving cell search times is a lower priority compared to MIB and SIB1-BR acquisition times in CE Mode B.  For instance, results from [2] show that the MIB acquisition time increases from 40ms at 154dB MCL to 640ms at 164dB MCL. In fact, considering observation 2, then the latency reduction techniques that should be prioritized are those that reduce MIB acquisition times in CE Mode B handover scenarios.
Observation 3:   
Techniques to reduce PBCH acquisition times in CE Mode B handover scenarios should be prioritized.
From RAN1#88bis, one of the techniques considered for improving PBCH acquisition times is the use of the NPBCH.  As mentioned earlier this immediately imposes the constraint of only being available in cells where both NB-IoT and eFeMTC are supported, meaning that another technique would still need to be specified for cells where NB-IoT was not also present.
Other techniques being considered include additional PBCH repetitions being sent in subframes #4 or #5 or both.  Such a technique would be simple for Release-15 UEs to implement but would require system SF capacity dedicated to an enhancement technique that other pre-Release 15 eMTC UEs cannot take advantage of and which many eMTC UEs may not even need due to their low mobility and delay tolerant applications.  In addition, given that RAN2 has confirmed that a relaxed delay budget VoLTE is acceptable [5], it is not clear there is still a need to improve PBCH acquisition specifically for eMTC CE Mode A VoLTE services.
For the CE Mode B handover scenarios, we support the proposal, originally made in [6], for the serving cell SI should contain additional information regarding a target neighbour cell’s relative MIB timing and/or SI content, to allow the UE to skip MIB and/or SI reading in neighbour cells.

Proposal 1:   
The serving cell SI contains additional information (e.g. relative SFN timing) regarding neighbour cells, to enable the UE to skip neighbour cell MIB and/or SI reading.

Currently SIB1-BR includes a 5-bit value tag, the systemInfoValueTag, that indicates if a change has occurred in the SI messages. UEs may use the systemInfoValueTag, e.g. upon return from out of coverage, to verify if the previously stored SI messages are still valid.  BL/CE UEs consider stored system information to be invalid after 24 hours from the moment it was successfully confirmed as valid, unless the UE is configured by parameter si-ValidityTime to consider stored system information to be invalid 3 hours after validity confirmation.

Currently for the UE to use the systemInfoValueTag to determine if it needs to reacquire other SI messages, it needs to first acquire SIB1-BR.   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  

· NB-IoT already does this

· Using a predefined SF (or SFs) to transmit effectively a second PBCH containing just this system value tag
· If this “second” PBCH is sent on say 2 subframes (e.g. SF4 and SF5) but only carries the systemInfoValueTag, it could be sent with a lower coding rate, enabling it to be acquired quicker than the conventional PBCH.

· Compared to using 2 additional subframes for sending additional PBCH symbols (to boost basic PBCH acquisition times), using these additional subframes for sending a system value tag should be more useful for systems where PBCH and SI contents does not change often.

· Sending a compact DCI in a predefined CSS, that includes the system value tag 

· The DCI would itself carry systemInfoValueTag (i.e. direct indication).

· Using the Wake-Up signal to convey the system value tag

· Depending on the design of the wake-up signal, this may only benefit UEs waking up to listen to paging.

Proposal 2:
A UE can determine if it needs to reacquire SI from a new periodically broadcast systemInfoValueTag that can be received by a UE without having to acquire SIB1-BR. 

In addition to systemInfoValueTag, in NB-IoT ab-Enabled is also transmitted on the NPBCH. This parameter tells the UE whether access barring is enabled so that the UE knows whether to acquire SystemInformationBlockType14-NB before initiating RRC connection establishment or resume. It can be considered whether this parameter can also be introduced for eMTC and transmitted together with the periodically broadcast systemInfoValueTag. This can save acquisition time if the systemInfoValueTag transmitted on the new periodically broadcast channel is modified to be common to all SIBs other than MIB, SIB14, and SIB16. 
Defining additional SI-msg repetitions is another method that could be used to improve SI acquisition times.  SI-messages are currently scheduled in such a way that they do not overlap in time.  Note for non-BL/CE UEs this constraint was originally driven by the limitation of having only one SI-RNTI.  To maintain backwards compatibility without comprising the SI-window/repetitions options used for legacy eMTC devices, additional repetitions could potentially be scheduled by SIB1-BR in separate narrowbands at separate times (e.g. overlapping in time but not frequency with the previous SI-window).  

Proposal 3:  
For PDSCH used for SI messages, additional repetitions in different narrowbands, can be scheduled by SIB1-BR.
3 Conclusions

In this contribution, we consider potential techniques for improving system acquisition time and make the following observations and proposals –
Observation 1:   
Techniques for improving system acquisition times should be applicable to all deployments, not just those where NB-IoT is also deployed.

Observation 2:   
On occasions where MIB and SIB1-BR readings cross SIB1-BR modification boundaries, it may not be necessary to require the UE to re-acquire MIB. 
Observation 3:   
Techniques to reduce PBCH acquisition times in CE Mode B handover scenarios should be prioritized.
Proposal 1:   
The serving cell SI contains additional information (e.g. relative SFN timing) regarding neighbour cells, to enable the UE to skip neighbour cell MIB and/or SI reading.

Proposal 2:
A UE can determine if it needs to reacquire SI from a new periodically broadcast systemInfoValueTag that can be received by a UE without having to acquire SIB1-BR. 

Proposal 3:  
For PDSCH used for SI messages, additional repetitions in different narrowbands, can be scheduled by SIB1-BR.
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