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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.

· 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.
Discussion
In this paper we discuss each of the techniques for system acquisition time reduction considered by RAN1, and their impact in RAN2, and whether they are already considered in Release 14.
· 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

[bookmark: _Hlk485389617][bookmark: _Hlk485389603]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]Techniques considered for PSS/SSS acquisition time reduction are not within RAN2’s scope.

· 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. 

Considering that it only addresses one special case, i.e. joint deployment of NB-IoT and eMTC in the same network, there is no need to focus on using NPBCH on NB-IoT anchor carrier. RAN2 should rather focus on eMTC deployment independent of NB-IoT instead.

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 [2] and noted in [3] and [4].

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: _Toc486937819][bookmark: _Toc487122616][bookmark: _Toc487202765][bookmark: _Toc487203715][bookmark: _Toc487203723][bookmark: _Toc490212203][bookmark: _Toc490229932][bookmark: _Toc490230546][bookmark: _Toc490267877]Introducing additional repetitions of PBCH is not within RAN2’s scope.
[bookmark: _Toc486937827][bookmark: _Toc487122624][bookmark: _Toc487202772][bookmark: _Toc487203730][bookmark: _Toc490212210][bookmark: _Toc490229939][bookmark: _Toc490229945][bookmark: _Toc490230539][bookmark: _Toc490267893]RAN2 should focus on independent eMTC deployment scenario with no dependency on NB-IoT deployment.
[bookmark: _Toc486937820][bookmark: _Toc487122617][bookmark: _Toc487202766][bookmark: _Toc487203716][bookmark: _Toc487203724][bookmark: _Toc490212204][bookmark: _Toc490229933][bookmark: _Toc490230547][bookmark: _Toc490267878]Combining across 40-ms PBCH periods is already possible in Release 14.
[bookmark: _Toc486937821][bookmark: _Toc487122618][bookmark: _Toc487202767][bookmark: _Toc487203717][bookmark: _Toc487203725][bookmark: _Toc490212205][bookmark: _Toc490229934][bookmark: _Toc490230548][bookmark: _Toc490267879]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. 

· 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 [5]. Thus, there is support for 32 different configurations for scheduling of SIB1-BR including different configurations for repetitions. In TS 36.213 [6], only 19 of those values are used and rest are reserved. The reserved 13 values could be used for increased number of repetitions.

[bookmark: _Toc486937822][bookmark: _Toc487122619][bookmark: _Toc487202768][bookmark: _Toc487203718][bookmark: _Toc487203726][bookmark: _Toc490212206][bookmark: _Toc490229935][bookmark: _Toc490230549][bookmark: _Toc490267880]It is possible from RAN2 point of view to increase the number of repetitions of SIB1-BR due to reserved values in TS 36.213 corresponding to schedulingInfoSIB1-BR-r13.
It has been discussed and agreed in RAN2#95 [7] and RAN2#97 [8] meetings that it is already possible to accumulate across SIB1-BR modification periods to receive SIB1-BR.

[bookmark: _Toc486937823][bookmark: _Toc487122620][bookmark: _Toc487202769][bookmark: _Toc487203719][bookmark: _Toc487203727][bookmark: _Toc490212207][bookmark: _Toc490229936][bookmark: _Toc490230550][bookmark: _Toc490267881]Accumulation across SIB1-BR 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. Such mechanisms include adding some indication to MIB to notify the UE regarding changes in SIB1-BR and SI messages. When considering these mechanisms, the best case to take the most common scenario, i.e. no changes in system information, as reference. SIB1-BR needs to be acquired for the valueTag, which indicates change in other SI. There would be no need to acquire SIB1-BR, when there are no changes in SIB1-BR and/or SI messages. One possibility is to add a valueTag to MIB, similar to MIB-NB, to indicate a change in SIB1-BR and/or SI messages. However, if done similar to legacy, this would take 5 bits which is common for all SIBs other than MIB, SIB1, SIB10, SIB11, SIB12 and SIB14. With few unused bits remaining in MIB, other mechanisms, that claim less bits, if needed, are preferred. This would also create redundancy, as the valueTag already exists in SIB1-BR. 

Another possibility is to add 1 or 2 bit indicator in MIB to indicate that valueTag in SIB1-BR has been changed since the previous observation period. Such observation period could be equal to, for example, HSFN cycle. With this indication the UE knows if SIB1-BR and/or any of the SI messages has changed only by acquiring MIB, thus possibly avoiding SIB1-BR acquisition in case there are no changes. If the indication is set to 1, UE shall acquire SIB1-BR as in Release-14 and SI messages if needed in case there has been a change. With 1 bit, however, indicating several changes in consecutive time periods becomes problematic and the UE would need to check MIB at least once during every time period. With more than 1 bit, multiple changes can be indicated, and the UE can extend acquiring MIB once during, for example, 4 time periods, if 2 bits are used.

Another reason for UEs to acquire SIB1-BR may be to check whether access barring is enabled or not. Adding a flag to MIB, e.g. ab-Enabled, similar to the flag in MIB-NB, will allow the UEs to avoid acquiring SIB1-BR in this case. Having separate indicators to indicate change in valueTag and enabling of EAB in MIB is preferred, as EAB is expected to be enabled and disabled more often, than SI is expected to change. Having separate indicator for EAB in MIB allows the UE to skip reading SIB1-BR if valueTag has not changed, and only acquire SIB14 for the EAB configuration. If both would be indicated in the same indicator in MIB, the UE would always need to read SIB1-BR as well, when EAB is enabled, even if valueTag has not changed, which would take longer time and consume UE power more.

[bookmark: _Toc486937828][bookmark: _Toc487122625][bookmark: _Toc487202773][bookmark: _Toc487203731][bookmark: _Toc490212211][bookmark: _Toc490229940][bookmark: _Toc490229946][bookmark: _Toc490230540][bookmark: _Toc490267894]Add a 1 or 2-bit indicator to MIB to indicate whether SIB1-BR and/or SI has changed since the end of previous HSFN cycles.
[bookmark: _Toc486937829][bookmark: _Toc487122626][bookmark: _Toc487202774][bookmark: _Toc487203732][bookmark: _Toc490212212][bookmark: _Toc490229941][bookmark: _Toc490229947][bookmark: _Toc490230541][bookmark: _Toc490267895]Add 1 bit flag to MIB to indicate whether enhanced access barring is enabled.

· 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]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]
It has been discussed and agreed in RAN2#95 [7] and RAN2#97 [8] meetings that it is already possible to accumulate across SI message modification periods to receive SI messages.

[bookmark: _Toc490212209][bookmark: _Toc490229938][bookmark: _Toc490230552][bookmark: _Toc490267883] Accumulation across SI modification periods is not restricted in Release 14 and can be done assuming that the SI message stays unchanged.

SIB1-BR includes systemInfoValueTagList containing SI message specific value tags since Release 13. This allows UEs to skip SI messages which haven’t been modified after acquiring SIB1-BR.
[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 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 do this is, during the dense periods to scale the SI scheduling by a factor, which is provided as a parameter in SIB1-BR / MIB. The indicator for the beginning of denser SI repetitions could also be signalled implicitly with the indication of SI modification, proposed in proposal 2. 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: _Toc486937830][bookmark: _Toc487122627][bookmark: _Toc487202775][bookmark: _Toc487203733][bookmark: _Toc490212213][bookmark: _Toc490229942][bookmark: _Toc490229948][bookmark: _Toc490230542][bookmark: _Toc490267896]RAN2 to consider further techniques for reduced SI acquisition time, such as temporary SI densification.

[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-BR 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 “critical” 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-BR) 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 avoiding to acquire modified SI, the SI acquisition time is effectively reduced together with the UE power consumption, especially in cases when (not essential) 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: _Toc486937831][bookmark: _Toc487202776][bookmark: _Toc487203734][bookmark: _Toc490212214][bookmark: _Toc490229943][bookmark: _Toc490229949][bookmark: _Toc490230543][bookmark: _Toc490267897]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 acquire the SI.

As a reply to the LS sent from RAN1, it is proposed to send an LS to RAN1 based on discussion over this paper.

[bookmark: _Toc486937832][bookmark: _Toc487122628][bookmark: _Toc487202777][bookmark: _Toc487203735][bookmark: _Toc490212215][bookmark: _Toc490229944][bookmark: _Toc490229950][bookmark: _Toc490230544][bookmark: _Toc490267898]Send an LS to RAN1 based on the discussion above.

For the draft LS reply to RAN1, see the contribution in [9].
Conclusion
In section 2 we made the following observations:

Observation 1	Techniques considered for PSS/SSS acquisition time reduction are not within RAN2’s scope.
Observation 2	Introducing additional repetitions of PBCH is not within RAN2’s scope.
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	It is possible from RAN2 point of view to increase the number of repetitions of SIB1-BR due to reserved values in TS 36.213 corresponding to schedulingInfoSIB1-BR-r13.
Observation 6	Accumulation across SIB1-BR 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.
Observation 8	Accumulation across SI modification periods is not restricted in Release 14 and can be done assuming that the SI message stays unchanged.

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

Proposal 1	RAN2 should focus on independent eMTC deployment scenario with no dependency on NB-IoT deployment.
Proposal 2	Add a 1 or 2-bit indicator to MIB to indicate whether SIB1-BR and/or SI has changed since the end of previous HSFN cycles.
Proposal 3	Add 1 bit flag to MIB to indicate whether enhanced access barring is enabled.
Proposal 4	RAN2 to consider further techniques for reduced SI acquisition time, such as temporary SI densification.
Proposal 5	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 acquire the SI.
Proposal 6	Send an LS to RAN1 based on the discussion above.
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