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1 Introduction
A new WID on further NB IoT enhancements was approved at RAN#75 and revised at RAN#76[1]. 
One of the objective is about System information acquisition enhancements as follows:

A-5. 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

The topic has been discussed in RAN1#88bis, RAN1#89 and RAN1#90 and the following agreements were drawn:
	RAN1#88bis : Agreements:

· To evaluate the techniques for system acquisition time reduction the following assumptions are proposed:

· Metrics for evaluating performance of acquisition of NPSS, NSSS, NPBCH, SIB1-NB and SI messages: 

Performance Metric
Unit
Acquisition time @ 50th, 90th percentile

ms

False detection rate

% (expressed as percentage of false detection events)

System overhead

% (expressed as used percentage of all REs per radio frame)

· The acquisition time of the studied signal/channel may either consider:

· Only the studied signal/channel (e.g. the NPBCH acquisition time not counting the NPSS/NSSS acquisition time )

· The time from higher layers triggers a MO event to the acquisition of the studied signal/channel (e.g. the NPSS, NSSS and NPBCH acquisition time)

· Assumptions for evaluating performance of acquisition of NPSS, NSSS, NPBCH, SIB1-NB and SI messages: 

Parameter
Value
BS TX antenna configuration

1Tx for stand-alone

2Tx for in-band/guard band

BS power

43 dBm for stand-alone

35 dBm for in-band/guard-band

System BW

180kHz

Band
Band 8 (900 MHz)
Channel model 

TU

Doppler spread 

1 Hz

Initial frequency error 

@ acquisition of NPSS

±20 ppm

Frequency error

@ acquisition of NSSS, NPBCH, NPDSCH

±50 Hz 

UE RX antenna configuration

1 Rx

*UE NF

5, 9 dB

Coupling loss

144, 154, 164 dB

· Other assumptions important for achieved performance such as use of cross-subframe channel estimation should be declared.

· The noise figure difference compared to Rel-13 does not affect the 164 dB MCL of NB-IoT in Rel-13

· For reduced system acquisition time for NB-IoT, at least the following candidates can be considered

· Enhancement(s) to NPSS/NSSS

· Enhancement(s) to MIB-NB 

· SIB1-NB accumulation across multiple SIB1-NB TTIs (with or without specification impact)

· New mechanism allowing to skip SIB1-NB and/or SI messages and/or MIB-NB reading

· Additional SIB1-NB is transmitted on other subframes in addition to the existing SIB1-NB transmission

· Use of physical signal/channel in agenda item 7.2.7.1.1 (if introduced)

· FFS on other SIBx-NB

· Details of all solutions are FFS

· Solutions need to be backwards compatible and take care of impacts to Rel-13/Rel-14 networks


	RAN1#89 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


	RAN1#90 Agreements:

· For enhancement of MIB-NB acquisition time, the following candidates are considered:

· Options 1: Using the unused 3-OFDM symbols in subframe#0 on the anchor carrier in standalone and guard-band operation modes

· Options 2: Introducing additional subframe(s) for NPBCH transmission, FFS if there is a possible restriction to non-anchor carriers
· Option 3: Enhanced MIB-NB decoding techniques, e.g. combining the NPBCH across several MIB-NB TTIs
· At least the following issues are FFS regarding whether to introduce support for the network to optionally transmit additional repetitions(s) of SIB1-NB, in subframe(s) other than R13 existing SIB1-NB transmission subframes:

· The position of the subframe(s) for additional Rel-13 SIB1-NB repetitions

· The scrambling on the new additional repetitions of SIB1

· The pattern of mapping to resource elements for the additional repetition(s) (e.g., order of coded bits-to-subframe allocation)

· If a SIB1-NB with additional subframe(s) can be transmitted on a non-anchor

· How the UE determines if the additional subframe(s) are being transmitted

· The number of additional subframe(s)

· How to handle correct understanding of NPDCCH/NPDSCH transmission for legacy NB-IoT UEs.


In this contribution, we discuss the different techniques considered in RAN1 and analyse their potential impacts in RAN2.

2 Discussion
2.1 Enhancement(s) to NPSS/NSSS

The only enhancement to NPSS/NSSS considered in RAN1 is 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.

This has no impact on RAN2.

Observation 1: Enhancement(s) to NPSS/NSSS has no impact on RAN2.
2.2 Enhancement(s) to MIB-NB 

RAN1 is considering three options for enhancement to MIB-NB acquisition time:

· Option 1: Using the unused 3-OFDM symbols in subframe#0 on the anchor carrier in standalone and guard-band operation modes
Same as for NPSS/ NSSS, option 1 has no impact on RAN2, except for a clarification in the procedure text related to system information scheduling.
Observation 2: MIB-NB Enhancement(s) option 1 has minor impact on the procedure text related to system information scheduling.
· Option 2: Introducing additional subframe(s) for NPBCH transmission, FFS if there is a possible restriction to non-anchor carriers
Introducing additional retransmissions will require a clarification to the procedure text related to system information scheduling.
Depending on RAN1 solution, this may also require changes to the signalling (i.e. MIB-NB, SIB1-NB and/or other SIB) to indicate where and when these additional retransmissions take place.
Observation 3: MIB-NB Enhancement(s) option 2 has impact on the procedure text related to system information scheduling and potentially signalling impact to indicate where and when these retransmissions take place.
· Option 3: Enhanced MIB-NB decoding techniques, e.g. combining the NPBCH across several MIB-NB TTIs
MIB-NB uses a fixed schedule with a periodicity of 640 ms and repetitions are made within 640 ms. UE combines the MIB-NB repetitions over the 640 ms period.
MIB-NB content changes every 640 ms due to the 4 MSB bits of the SFN and the 2 LSB bits of the HFN will change every 10.24 s. The ab-Enabled flag can change in any new MIB-NB transmission, i.e. every 640 ms. Other information can only change after the SIB1-NB modification period (40.96s) or the BCCH modification period (>= 40.96s).
Advanced receivers in the UE can already use this information to combine MIB-NB transmissions across MIB-NB boundaries. This is a solution for UE implementation and it has no impact on RAN2 specification.
Observation 4: MIB-NB Enhancement(s) option 3 can be left to UE implementation.
Proposal 1: Wait for RAN1 to conclude on Enhancement(s) to MIB-NB.
2.3 SIB1-NB accumulation across multiple SIB1-NB  
SIB1-NB has a modification period of 40.96 s and RAN2 has already clarified [2] that the UE can accumulate SIB1-NB repetitions using the same SIB1 scheduling information during the modification period associated to SIB1-NB.
SIB1-NB contains the 8 MSB bits of the HFN that changes every 40.96 s. Other SIB1-NB information can only change according to the BCCH modification and the change is notified by a change in the systemInfoValueTag carried in MIB-NB.

Advanced receivers in the UE can already use this information to combine MIB-NB transmissions across MIB-NB boundaries. This is a solution for UE implementation and it has no impact on RAN2 specification.

Proposal 2: SIB1-NB accumulation across multiple modification periods can be left to UE implementation.
2.4 New mechanism allowing to skip SIB1-NB and/or SI messages and/or MIB-NB reading
In NB-IoT, UE only needs to (re-)acquire the system information when it accesses a new cell, when it has been notified via paging of a system information change, when 24 hours has passed since it last checked the validity of its system information, or before access. 

Even so, e.g. before access, when waking up from a sleep longer than the maximum eDRX cycle, or when reselecting to a cell for which it has stored information, it can determine by checking the systemInfoValueTag in MIB-NB whether its stored system information are valid and by checking the ab-Enabled in MIB-NB whether it needs to acquire SIB14-NB before access. 

Furthermore, when the systemInfoValueTag has changed and the UE has reacquired SIB1-NB, it can know via the systemInfoValueTagList, if signalled, which other SI messages, if any, have changed.
Using the above mechanisms, the UE only needs to read SIB1-NB and other SIBs when the system information has changed or when the UE has no stored system information. Considering that system information changes are relatively rare, we think there is no need for an additonal mechanism.  Note that this is different from eMTC, where the UE needs to read SIB1-BR to get the value tag, and for which we are proposing enhancements [3].
Proposal 3: No new mechanism is needed to allow skipping SIB1-NB and SI messages reading.
When camping on a cell, except before access, the UE does not need to read the MIB-NB. It can do so if needed, e.g. to adjust its timing and resynchronize the HFN/SFN, but this can be left to UE implementation. Thus, we do not see the need for a new mechanism for skipping reading MIB-NB when camped on a cell.
When the UE reselects to another cell, the UE needs to reacquire the full system information unless it has valid stored information, as we do not think it is common that the system information are the same across cells. If the UE has stored system information, it only needs to read the MIB-NB to check if they have changed. 
In order to avoid reading the MIB-NB in the target cell, the UE would need to know the cell timing (SFN/HFN) and that the systemInfoValueTag has not changed. For this, some indication would be needed in the system information of the source cell, as discussed for SIB1-BR in eMTC. This would cause additional signalling overhead and additional SIB reading when this information changes. Considering the mobile UEs are likely to be in good coverage, we do not see an issue with the UE having to reacquire the MIB and do not see the need for additional mechanism.
Proposal 4: No new mechanism is needed to allow skipping MIB-NB reading.
2.5 Additional SIB1-NB is transmitted on other subframes in addition to the existing SIB1-NB transmission

RAN1 has not concluded yet on this enhancement and has identified at least the following issues as FFS regarding whether to introduce support for the network to optionally transmit additional repetitions(s) of SIB1-NB, in subframe(s) other than R13 existing SIB1-NB transmission subframes:

· The position of the subframe(s) for additional Rel-13 SIB1-NB repetitions

· The scrambling on the new additional repetitions of SIB1

· The pattern of mapping to resource elements for the additional repetition(s) (e.g., order of coded bits-to-subframe allocation)

· If a SIB1-NB with additional subframe(s) can be transmitted on a non-anchor

· How the UE determines if the additional subframe(s) are being transmitted

· The number of additional subframe(s)

· How to handle correct understanding of NPDCCH/NPDSCH transmission for legacy NB-IoT UEs.
Additional SIB1-NB transmissions will have impact on the procedure text related to system information scheduling. 

Depending on RAN1 solution, this will also require changes to the signalling (i.e. SIB1-NB and/or other SIB) to indicate where and when these additional transmissions take place. 
Proposal 5: Wait for RAN1 to conclude on additional SIB1-NB transmissions.
2.6 Use of physical signal/channel introduced for Power consumption reduction for paging  
In our understanding, the new physical signal/channel could be used instead of NPSS/NSSS to acquire the synchronization. This should have no impact on RAN2
Proposal 6: Wait for RAN1 to conclude on the use of the new physical signal/channel. 
2.7 FFS on other SIBx-NB
As discussed in section 2.4, UE only reads the SIBx-NB when they have changed or when it has no stored information and we do not see the need for any RAN2 enhancements.

Any other enhancements will be related to the transmission of the SIBx-NB and should be discussed in RAN1.

Proposal 7: Wait for RAN1 to conclude on enhancements for other SIBx-NB.
3 Conclusion and Proposals
In this contribution, we have discussed system information enhancements, and we have made the following observations and proposals:

Observation 1: Enhancement(s) to NPSS/NSSS has no impact on RAN2.
Observation 2: MIB-NB Enhancement(s) option 1 has minor impact on the procedure text related to system information scheduling.
Observation 3: MIB-NB Enhancement(s) option 2 has impact on the procedure text related to system information scheduling and potentially signalling impact to indicate where and when these retransmissions take place.
Observation 4: MIB-NB Enhancement(s) option 3 can be left to UE implementation.

Proposal 1: Wait for RAN1 to conclude on Enhancement(s) to MIB-NB.
Proposal 2: SIB1-NB accumulation across multiple modification periods can be left to UE implementation.

Proposal 3: No new mechanism is needed to allow skipping SIB1-NB and SI messages reading.
Proposal 4: No new mechanism is needed to allow skipping MIB-NB reading.

Proposal 5: Wait for RAN1 to conclude on additional SIB1-NB transmissions.

Proposal 6: Wait for RAN1 to conclude on the use of the new physical signal/channel. 

Proposal 7: Wait for RAN1 to conclude on enhancements for other SIBx-NB.
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