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Introduction
In RAN#75 it was agreed to have Release 15 Work Item “Further NB-IoT enhancements”. As part of this WI, the following objective was agreed:
Reduced system acquisition time [RAN1 lead, RAN2, RAN4]
· Improved cell search and/or system information (at least MIB-NB) acquisition performance, for all operation modes

In RAN1#89, the following has been agreed:
Agreements:
· Additional transmissions of NPSS/NSSS in subframes other than those used in Rel-13 for in-band, guard-band and standalone are not considered in Rel-15 for an anchor carrier
· FFS: NPSS/NSSS transmission using unused 3-OFDM symbols in existing subframe#5,9 on anchor carrier at least for stand-alone and guard band modes

In this paper we discuss possible RAN2 mechanics and improvements to reduce system acquisition time for NB-IoT UEs.
[bookmark: _Ref178064866]Discussion
As part of the reduced system acquisition time objective, improved cell search is mentioned. However, cell search does not have any impact in RAN2, they are within RAN1’s scope.

[bookmark: _Toc487102830][bookmark: _Toc487122879][bookmark: _Toc487185964][bookmark: _Toc487185996][bookmark: _Toc487203900][bookmark: _Toc490223801][bookmark: _Toc490230527][bookmark: _Toc490233383][bookmark: _Toc490269300]No RAN2 work is expected for improved cell search

The following aspects of SI acquisition can be considered for reduced SI acquisition time:
· NPSS/NSSS
· PBCH
· SIB1-NB
· SI messages

[bookmark: _Toc486937818][bookmark: _Toc487122615][bookmark: _Toc487202764][bookmark: _Toc487203714][bookmark: _Toc487203722][bookmark: _Toc490212202][bookmark: _Toc490213453][bookmark: _Toc490223802][bookmark: _Toc490230528][bookmark: _Toc490233384][bookmark: _Toc490269301]Techniques considered for NPSS/NSSS acquisition time reduction are not within RAN2’s scope.

One method considered to reduce SI acquisition time is increasing the number of repetitions. With higher number of repetitions, the UEs are able to decode the repeated message with higher probability. To reduce system acquisition time, the additional repetitions of the SI need to be acquired in reduced time, which means that in addition to increasing the number of repetitions, the repetitions need to be densified. However, the scheduling and repetitions of MIB-NB in PBCH is fixed and defined by RAN1.

[bookmark: _Toc486937819][bookmark: _Toc487122616][bookmark: _Toc487202765][bookmark: _Toc487203715][bookmark: _Toc487203723][bookmark: _Toc490212203][bookmark: _Toc490213454][bookmark: _Toc490223803][bookmark: _Toc490230529][bookmark: _Toc490233385][bookmark: _Toc490269302]Introducing additional repetitions of PBCH is not within RAN2’s scope.
[bookmark: _GoBack]
In 36.331 [1] it is stated that UE may need to accumulate a SI message across multiple SI windows, depending on coverage condition.

[bookmark: _Toc486937820][bookmark: _Toc487122617][bookmark: _Toc487202766][bookmark: _Toc487203716][bookmark: _Toc487203724][bookmark: _Toc490212204][bookmark: _Toc490213455][bookmark: _Toc490223804][bookmark: _Toc490230530][bookmark: _Toc490233386][bookmark: _Toc490269303]Combining SI messages across SI windows is already possible in Release 14.

MIB-NB contains both systemInfoValueTag-r13 and ab-Enabled-r13 parameters, with which the UE may read only MIB-NB to know, whether some SI messages has been modified and if AB is enabled. Therefore, when reading up-to-date MIB-NB, the UE is already aware if it has up-to-date SI from systemInfoValueTag-r13 (excluding SIB14-NB and SIB16-NB) and whether AB is enabled. If, for example, AB is enabled but systemInfoValueTag-r13 doesn’t indicate modification in SI, the UE may avoid reading SIB1-NB and directly read SIB14-NB for the AB configuration.

[bookmark: _Toc490223805][bookmark: _Toc490230531][bookmark: _Toc490233387][bookmark: _Toc490269304]UE can avoid reading SIB1-NB in cases where AB is enabled and SI messages are not modified by reading systemInfoValueTag-r13 and ab-Enabled-r13 in MIB-NB.

As discussed above, increasing the number of repetitions and/or densifying the repetitions can improve SI acquisition time performance. The scheduling information of SIB1-NB is included in MIB-NB, which contains schedulingInfoSIB1-r13, which is of type INTEGER taking values between 0-15. Thus, there is support for 16 different configurations for scheduling of SIB1-NB including different configurations for repetitions. In TS 36.213 [2], 12 of those values are used and rest are reserved. The reserved 4 values could be used for increased number of repetitions if considered necessary.

[bookmark: _Toc486937822][bookmark: _Toc487122619][bookmark: _Toc487202768][bookmark: _Toc487203718][bookmark: _Toc487203726][bookmark: _Toc490212206][bookmark: _Toc490213457][bookmark: _Toc490223806][bookmark: _Toc490230532][bookmark: _Toc490233388][bookmark: _Toc490269305]It is possible from RAN2 point of view to increase the number of repetitions of SIB1-NB due to reserved values in TS 36.213 corresponding to schedulingInfoSIB1-r13.

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 for example 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. Even further, the repetitions otherwise (when SI is not modified) could be made less dense, since SI is not expected to be received very often, when it is not changed. 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, possibly determining two sets of scheduling information of SI and signalling to indicate when to apply the temporary SI scheduling. Another way to implement this is to scale the SI scheduling by a factor, which is provided as a parameter in SIB1-NB / MIB-NB.
Another technique to consider is to transmit dedicated SI possibly with denser repetitions to UEs expected to require up-to-date SI, such as for UEs in RRC_Connected upon SI modification, since NB-IoT UEs in RRC_CONNECTED are not required to acquire SI. Currently, for NB-IoT UEs in RRC_CONNECTED to receive SI, the need to be released to RRC_IDLE. However, for example in case of RACH configuration change, it would take excessive effort for the UE to be released to idle, receive new configuration, apply the new configuration and perform access again. It would be preferred to avoid ping-ponging between RRC_CONNECTED and RRC_IDLE, therefore it would be beneficial to be able to provide updated SI configuration for RRC_Connected UEs in a dedicated manner.

[bookmark: _Toc487102832][bookmark: _Toc487122882][bookmark: _Toc487185966][bookmark: _Toc487185999][bookmark: _Toc487203890][bookmark: _Toc487203895][bookmark: _Toc490223807][bookmark: _Toc490230533][bookmark: _Toc490233389][bookmark: _Toc490269306]RAN2 to consider further techniques for reduced SI acquisition time, such as temporary SI densification or dedicated signalling.

[bookmark: _Hlk486236386]When SI is modified, the eNB sends a Paging message or Direct Indication information on MPDCCH using P-RNTI to the UEs with systemInfoModification and/or systemInfoModification-eDRX -flags set to 1. When the UE receives the message and the flag set to 1, it knows that a change of system information other than ETWS information, CMAS information and AB parameters will occur in the next modification period. After receiving the SI modification indication, UEs are required to acquire MIB and SIB1 and the modified SI.
However, there are some other SI that the UEs may not need when in idle mode and for example not actively accessing the network to transmit in uplink. Obviously, paging information and other SI that is required for the eNB to ensure connection to the UE are essential and should be always up-to-date. However, access related SI such as uplink configuration for inactive UE or mobility related SI for static UE are not as critical to be acquired immediately. Accompanying an indication with the systemInfoModification to indicate that the modified SI is not needed for idle mode, the UEs may omit acquiring the modified SI (and MIB and SIB1) when they don’t need it. After omitting the modified SI acquisition, the UE may acquire up-to-date SI when it actually needs it, such as when performing access to the network. By omitting acquiring modified SI, the SI acquisition time is effectively reduced as well as UE power consumption is reduced, especially in cases when (not critical) SI is modified relatively often. It may be up to the network to decide which SI is essential and which is not essential for the UEs to acquire immediately.

[bookmark: _Toc490230534][bookmark: _Toc490233390][bookmark: _Toc490269307][bookmark: _Toc487102833][bookmark: _Toc487122883][bookmark: _Toc487185967][bookmark: _Toc487186000][bookmark: _Toc487203891][bookmark: _Toc487203896][bookmark: _Toc490223808]RAN2 to consider specifying a new indication to accompany the systemInfoModification / systemInfoModification-eDRX -flags in Paging message/Direct Indication Information. With the new indication eNB can indicate, whether a UE in IDLE mode must re-acquire the SI.
[bookmark: _Toc490230535]Conclusion
In section 2 we made the following observations:
Observation 1	No RAN2 work is expected for improved cell search
Observation 2	Techniques considered for NPSS/NSSS acquisition time reduction are not within RAN2’s scope.
Observation 3	Introducing additional repetitions of PBCH is not within RAN2’s scope.
Observation 4	Combining SI messages across SI windows is already possible in Release 14.
Observation 5	UE can avoid reading SIB1-NB in cases where AB is enabled and SI messages are not modified by reading systemInfoValueTag-r13 and ab-Enabled-r13 in MIB-NB.
Observation 6	It is possible from RAN2 point of view to increase the number of repetitions of SIB1-NB due to reserved values in TS 36.213 corresponding to schedulingInfoSIB1-r13.

Based on the discussion in section 2 we propose the following:
Proposal 1	RAN2 to consider further techniques for reduced SI acquisition time, such as temporary SI densification or dedicated signalling.
Proposal 2	RAN2 to consider specifying a new indication to accompany the systemInfoModification / systemInfoModification-eDRX -flags in Paging message/Direct Indication Information. With the new indication eNB can indicate, whether a UE in IDLE mode must re-acquire the SI.


[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref174151459][bookmark: _Ref189809556]3GPP TS 36.331, “Radio Resource Control (RRC) protocol specification”, v14.2.2, April 2017.  
3GPP TS 36.213, “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer procedures”, v14.3.0, June 2017. 



	4/4	
