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Introduction
RAN1 sent an LS to RAN2 (and RAN4) to consider the reduced SI acquisition techniques discussed in RAN1#88bis and RAN1#89 [1]:
[bookmark: _Ref178064866]1. Overall Description:
RAN1#88bis and RAN1#89 made the following agreements regarding system acquisition time reduction for BL/CE UEs in Rel-15.

· [bookmark: _GoBack]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

Some of the techniques that are being considered are expected to have RAN2 and RAN4 impacts.

2. Actions:
To RAN2 and RAN4:
ACTION: 	RAN1 respectfully asks RAN2 and RAN4 to provide feedback on above mentioned techniques regarding system acquisition time reduction for BL/CE UEs, and whether any of the techniques are already or expected to be part of Rel-14.

[bookmark: _Hlk492982493]In RAN2#99bis, regarding reduced system acquisition time for efeMTC, the following was agreed:
	Agreements
- Indicate in MIB whether there has been or not a system information change for a certain period of time. It is FFS how such period of time is provided.
- The indication in MIB is provided with 1 bit.
- The indication for EAB is FFS.




In this paper, we go through the techniques for system acquisition time reduction considered by RAN1, and their impact in RAN2, and whether they are already considered in Release 14.
[bookmark: _Hlk494201884]This paper is a revision of R2-1710518. This version includes further discussion on accumulation of SIB1-BR and SI messages and also contains considerations for feNB-IoT. More detailed discussion on avoiding SIB1-BR acquisition is included in contribution R2-1713051 [2].
[bookmark: _Ref498335794]Discussion
PSS/SSS improvements
· 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

Techniques considered for system information acquisition time reduction by PSS/SSS acquisition enhancements do not have any impact in RAN2, they are within RAN1’s scope.

[bookmark: _Toc486937818][bookmark: _Toc487122615][bookmark: _Toc487202764][bookmark: _Toc487203714][bookmark: _Toc487203722][bookmark: _Toc490212202][bookmark: _Toc490229931][bookmark: _Toc490230545][bookmark: _Toc490267876][bookmark: _Toc493590706][bookmark: _Toc493677830][bookmark: _Toc494185504][bookmark: _Toc494373787][bookmark: _Toc494374456][bookmark: _Toc494401313][bookmark: _Toc494417693][bookmark: _Toc494418381][bookmark: _Toc498074944][bookmark: _Toc498075916][bookmark: _Toc498335800][bookmark: _Toc498433172][bookmark: _Toc498514128][bookmark: _Toc498609495][bookmark: _Toc498630256][bookmark: _Toc498646491]Techniques considered for PSS/SSS acquisition time reduction are up to RAN1 to decide.
However, some signalling support may need to be defined depending on agreements in RAN1. This may, for example, relate to configuration parameters for an enhanced synchronization signal, if such a decision is made in RAN1.
PBCH improvements
· 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

Additional repetitions of PBCH are within RAN1’s scope. 
[bookmark: _Toc494185505][bookmark: _Toc494373788][bookmark: _Toc494374457][bookmark: _Toc494401314][bookmark: _Toc494417694][bookmark: _Toc494418382][bookmark: _Toc498074945][bookmark: _Toc498075917][bookmark: _Toc498335801][bookmark: _Toc498433173][bookmark: _Toc498514129][bookmark: _Toc498609496][bookmark: _Toc498630257][bookmark: _Toc498646492][bookmark: _Hlk494407339]Introducing additional repetitions of PBCH is up to RAN1.
Combining across 40-ms PBCH periods is considered feasible in Release 14 assuming that only SFN is updated, as clarified in meeting notes for RAN2#98 meeting [3] and noted in [4] and [5].
[bookmark: _Toc494185506][bookmark: _Toc494373789][bookmark: _Toc494374458][bookmark: _Toc494401315][bookmark: _Toc494417695][bookmark: _Toc494418383][bookmark: _Toc498074946][bookmark: _Toc498075918][bookmark: _Toc498335802][bookmark: _Toc498433174][bookmark: _Toc498514130][bookmark: _Toc498609497][bookmark: _Toc498630258][bookmark: _Toc498646493]Combining across 40-ms PBCH periods is already possible in Release 14.
However, related enhanced PBCH performance requirements are a RAN4 matter and should be taken into account in RAN4 discussions.
There are some cases in which the UE can skip MIB acquisition. One such case is re-establishment, where the UE wakes up in a cell and finds out that it is the same cell that was serving the UE prior to the radio link failure. Another one is when the UE wakes up to monitor for the paging occasion and finds out that it is in the same cell. Note that this is up to UE implementation and such behaviour is already compliant with the current specifications. Yet another example, where UE can skip MIB acquisition, is when UE is performing handover, and the HO command contains IE neighCellsToAddModList, which tells the UE that the neighbour cell is SFN synchronized to the serving cell, has the same system bandwidth, UL/DL and special subframe configuration, and cyclic prefix length as the serving cell. Therefore, the UE doesn’t need to read MIB in the new cell for this information.
[bookmark: _Toc486937821][bookmark: _Toc487122618][bookmark: _Toc487202767][bookmark: _Toc487203717][bookmark: _Toc487203725][bookmark: _Toc490212205][bookmark: _Toc490229934][bookmark: _Toc490230548][bookmark: _Toc490267879][bookmark: _Toc493590709][bookmark: _Toc493677833][bookmark: _Toc494185507][bookmark: _Toc494373790][bookmark: _Toc494374459][bookmark: _Toc494401316][bookmark: _Toc494417696][bookmark: _Toc494418384][bookmark: _Toc498074947][bookmark: _Toc498075919][bookmark: _Toc498335803][bookmark: _Toc498433175][bookmark: _Toc498514131][bookmark: _Toc498609498][bookmark: _Toc498630259][bookmark: _Toc498646494]It is already possible for the UE to skip MIB acquisition in certain cases such as re-establishment, waking up to monitor for paging, handover etc. 
In addition, RAN1 is discussing mechanisms such as enhanced resynchronization signal, which may convey some additional information about SI, such as if MIB or other SI has changed. This may allow the UE to skip acquiring MIB and/or other SI after resynchronization. The resynchronization signal design has been discussed in RAN1 contribution R1-1719349 [6].
SIB1-BR improvements
· 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

In MasterInformationBlock, there is schedulingInfoSIB1-BR-r13 IE, which takes value of INTEGER (0..31), as seen from TS 36.331 [7]. Thus, there is support for 32 different configurations for scheduling of SIB1-BR including different configurations for repetitions. In TS 36.213 [8], only 19 of those values are used and rest are reserved. However, the reserved 13 values may not be feasible to be used for increased number of SIB1-BR repetitions due to backwards-compatibility issues. In addition, the number of available spare bits in MIB is very limited for further extensions.
[bookmark: _Toc494417697][bookmark: _Toc494418385][bookmark: _Toc498074948][bookmark: _Toc498075920][bookmark: _Toc498335804][bookmark: _Toc498433176][bookmark: _Toc498514132][bookmark: _Toc498609499][bookmark: _Toc498630260][bookmark: _Toc498646495]There are limited possibilities for increasing the number of repetitions of SIB1-BR.
It has been discussed and agreed in RAN2#95 [9] and RAN2#97 [10] meetings that it is already possible to accumulate across SIB1-BR modification periods to receive SIB1-BR. RAN4 also agreed to set the shortened SI acquisition time assuming to accumulate PDSCH over SIB1-BR TTI [12].
[bookmark: _Toc486937823][bookmark: _Toc487122620][bookmark: _Toc487202769][bookmark: _Toc487203719][bookmark: _Toc487203727][bookmark: _Toc490212207][bookmark: _Toc490229936][bookmark: _Toc490230550][bookmark: _Toc490267881][bookmark: _Toc493590711][bookmark: _Toc493677835][bookmark: _Toc494185509][bookmark: _Toc494373792][bookmark: _Toc494374461][bookmark: _Toc494401318][bookmark: _Toc494417698][bookmark: _Toc494418386][bookmark: _Toc498074949][bookmark: _Toc498075921][bookmark: _Toc498335805][bookmark: _Toc498433177][bookmark: _Toc498514133][bookmark: _Toc498609500][bookmark: _Toc498630261][bookmark: _Toc498646496]Accumulation across BCCH modification periods is already possible in Release 14.
There are some mechanisms that can be considered to allow a UE to skip SIB1-BR acquisition, which were discussed in RAN2#99 and RAN2#99bis. As noted, it was agreed in RAN2#99bis to have a 1 bit indication in MIB for system information change, but further details are yet FFS. See more detailed discussion from the contribution discussing the mechanisms for skipping SIB1-BR acquisition [2].
 SI messages improvements
· 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

Currently there are already very flexible configuration options for SI message repetitions to match varying requirements for SI acquisition. Therefore, it would be preferred to focus on accumulation across SI modification periods to improve SI message acquisition time. Introducing even further additional repetitions of SI messages would increase SI overhead due to extended values for the parameters, network resource usage and UE power consumption, as the UEs would need to acquire even more repetitions than before. SI messages are not as critical to acquire (compared to MIB/SIB1-BR) at the expense of increased resource usage, except possibly SIB2-BR. SIB2-BR would be critical to be acquired especially during handover, however, during handover, SIB2-BR is already provided with HO message. Another case for quickly acquiring SIB2-BR would be re-establishment for the UEs, but the network isn’t aware of when re-establishment of UEs happen and can’t change the scheduling information of SI messages based on such.  
However, if deemed necessary, additional repetitions of SI messages could be introduced by extending the parameter si-WindowLength-BR in SIB1-BR, allowing longer SI window for repetitions, or by densifying the periodicity of the SI messages, by adding shorter periodicities to si-Periodicity in SIB1-BR.
[bookmark: _Toc486937824][bookmark: _Toc487122621][bookmark: _Toc486937825][bookmark: _Toc487122622][bookmark: _Toc487202770][bookmark: _Toc487203720][bookmark: _Toc487203728][bookmark: _Toc490212208][bookmark: _Toc490229937][bookmark: _Toc490230551][bookmark: _Toc490267882][bookmark: _Toc493590712][bookmark: _Toc493677836][bookmark: _Toc494185510][bookmark: _Toc494373793][bookmark: _Toc494374462][bookmark: _Toc494401319][bookmark: _Toc494417699][bookmark: _Toc494418387][bookmark: _Toc498074950][bookmark: _Toc498075922][bookmark: _Toc498335806][bookmark: _Toc498433178][bookmark: _Toc498514134][bookmark: _Toc498609501][bookmark: _Toc498630262][bookmark: _Toc498646497]Additional repetitions of SI messages could be introduced by either extending si-WindowLength-BR or adding shorter periods to si-Periodicity in SystemInformationBlockType1-BR.
[bookmark: _Toc486937826][bookmark: _Toc487122623][bookmark: _Toc487202771][bookmark: _Toc487203721][bookmark: _Toc487203729]As noted in observation 6, it is already possible to accumulate across BCCH modification periods in Release 14, also to receive SI messages. RAN4 also agreed to set the shortened SI acquisition time assuming to accumulate PDSCH over SIB1-BR TTI [12]. 
Other means to avoid reading SI messages includes utilizing systemInfoValueTagList which is included in SIB1-BR since Release 13. This allows UEs, after acquiring SIB1-BR, to skip SI messages which haven’t been modified.
As a reply to the LS sent from RAN1, it is proposed to send an LS to RAN1 and RAN4 based on discussion in this paper on SI acquisition time reduction for efeMTC.
[bookmark: _Toc493590716][bookmark: _Toc493677840][bookmark: _Toc494185513][bookmark: _Toc494203376][bookmark: _Toc494373798][bookmark: _Toc494374467][bookmark: _Toc494401330][bookmark: _Toc494417721][bookmark: _Toc494418392][bookmark: _Toc498074955][bookmark: _Toc498075927][bookmark: _Toc498335811][bookmark: _Toc498433180][bookmark: _Toc498514136][bookmark: _Toc498609502][bookmark: _Toc498630246][bookmark: _Toc498646508]Send a reply LS to RAN1 and RAN4 based on the discussion and agreements above about SI acquisition time reduction for efeMTC.
For the draft LS reply to RAN1, see the contribution in [11].
Further enhancements for reduced system information acquisition time
[bookmark: _Hlk486427802]Further techniques to allow reduced time to acquire SI may be considered in RAN2. For example, when a large number of UEs are expected to acquire SI, such as when SI is modified, it would be useful to help the UEs to acquire the SI quicker. This could be done by densifying the number of repetitions when SI is modified for a short period of time, i.e. transmitting a larger number of repetitions of SI during a short period of time after SI is modified. With denser repetitions the UEs could acquire the SI when they are assumed to do so in a reduced acquisition time with no large system overhead. Since SI doesn’t need to be received very often, when it is not changed, the repetitions otherwise (when SI is not modified) could even be made less dense. This could potentially even reduce the total system overhead, as the transmission of the SI could be reduced outside the denser periods. 
This would require some SI changes, such as determining two sets of scheduling information of SI and signalling to indicate when to apply the temporary SI scheduling. Another way to do this is, during the dense periods, to scale the SI scheduling by a factor, which is provided as a parameter in SIB1-BR/-NB / MIB. To avoid additional overhead from configuration the configuration for denser repetitions could also be hard-coded. The indicator for the beginning of denser SI repetitions could also be signalled implicitly with the indication of system information update, which was agreed in RAN2#99bis, and the UE would know to apply the denser scheduling from the beginning of next modification period boundary. This would reduce the need for additional bits required, however it would require the scaling and the length of the denser repetition period to be fixed if no other signalling would be added for configuration of denser repetitions.
[bookmark: _Toc498433181][bookmark: _Toc498514137][bookmark: _Toc498609503][bookmark: _Toc498630247][bookmark: _Toc498646509][bookmark: _Hlk498515680]RAN2 to consider temporary SI densification for efeMTC/feNB-IoT to help UEs acquire system information quickly when expected so.

Conclusion
In section 2 we made the following observations:

Observation 1	Techniques considered for PSS/SSS acquisition time reduction are up to RAN1 to decide.
Observation 2	Introducing additional repetitions of PBCH is up to RAN1.
Observation 3	Combining across 40-ms PBCH periods is already possible in Release 14.
Observation 4	It is already possible for the UE to skip MIB acquisition in certain cases such as re-establishment, waking up to monitor for paging, handover etc.
Observation 5	There are limited possibilities for increasing the number of repetitions of SIB1-BR.
Observation 6	Accumulation across BCCH modification periods is already possible in Release 14.
Observation 7	Additional repetitions of SI messages could be introduced by either extending si-WindowLength-BR or adding shorter periods to si-Periodicity in SystemInformationBlockType1-BR.

Based on the discussion in section 2 we propose the following:

Proposal 1	Send a reply LS to RAN1 and RAN4 based on the discussion and agreements above about SI acquisition time reduction for efeMTC.
Proposal 2	RAN2 to consider temporary SI densification for efeMTC/feNB-IoT to help UEs acquire system information quickly when expected so.
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