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Introduction
In RAN#75, a new work item [1] on further NB-IoT enhancements was approved. This work item includes the objective of improving SI acquisition.
In RAN1#88b-RAN1#90b the following proposals were made regarding reduced system acquisition time.
Agreements:
· 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

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

	Agreement:
· 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.



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. 

· SIB1-NB can be additionally transmitted in subframe(s) other than Rel.13 existing SIB1-NB transmission subframes on the anchor-carrier.
· Additional SIB1-NBs are transmitted on subframe #3
· The periodicity of additional SIB1-NB transmissions is 20 ms and in the same radio frame as legacy transmission
· FFS the supported number(s) of additional transmissions of SIB1-NB
· There is no signaling of the number of additional SIB1-NB transmissions
· The TBS, coding, and modulation of additional SIB1-NB repetitions are the same as the existing ones for Rel.13 SIB1-NB
· FFS scrambling
· FFS: The sequence of coded bits-to-subframe allocation of additional SIB1-NB transmission can be interleaved compared to the existing SIB1-NB transmission
· When additional SIB1-NBs are transmitted, the subframe(s) carrying additional SIB1-NB(s) can be declared as invalid downlink subframe by downlinkBitmap
· Rel.15 UEs interpret invalid downlink subframes whose indices are corresponding to additional SIB1-NBs transmissions but not carrying additional SIB1-NB (and NSSS) as valid downlink subframes
· Additional SIB1-NB transmission can be configured by eNB, and the presence of additional SIB1-NB can be indicated by one of unused bits in MIB-NB
· FFS if additional SIB1-NB transmissions are also supported on non-anchor carriers


Enhancements for MIB
The three following techniques are candidates for MIB enhancements.
1) Using 3 OFDM symbols for standalone and guard band: The main issue with this approach is that it does not apply to in-band operation, which is (together with guard band) the most challenging scenario. Additionally, it requires an increased number of blind decodes (the UE needs to try NPBCH with and without the 3 additional symbols), roughly doubling the complexity in terms of blind decoding. This scheme is expected to provide around ~1dB gain.

2) Introducing additional subframes: This technique has the obvious drawback of increased overhead (need to double the NPBCH overhead to get a ~3dB gain), but also of increased complexity. Under this technique, a Rel-15 UE would need to hypothesize whether the eNB is transmitting the repeated PBCH or not. Also, depending on the chosen repetition pattern, the UE may also need to hypothesize the presence of NRS (i.e., if the new repetitions are transmitted in subframes that may be configured as invalid subframes, then the UE has to keep two separate channel estimation loops). Also, for the same complexity (2x blind decoding), the UE can achieve similar performance with Option 3.

3) Enhanced MIB decoding techniques: This technique does not require any new specification in RAN4. It can provide ~3dB gain in the ‘keep trying’ regime by combining 2 consecutive TTIs.

Thus, the preferred option is option 3, cross-TTI combining across several MIB-NB TTIs.
Proposal 1: Do not introduce additional subframes or symbols for NPBCH. Improved NPBCH performance can be achieved by cross-TTI MIB combining.

Enhancements for SIB
In RAN1#90b it was agreed to add additional repetitions for SIB1-NB. One of the pending points is how to perform the interleaving of the new SIB transmissions. In [1] it was shown that interleaving the SIB1-NB repetitions allows for better performance for UEs in good coverage due to coding gain (the UE is able to collect all the coded bits earlier than if the same repetition is applied).
Proposal 2: The new transmissions of SIB1-NB follow a different order than the legacy transmissions.
Also, when transmitting SIB1-NB in the new subframes, pure repetition of the same symbols should be avoided (the issue of repeating the same IQ in multiple symbols has been analyzed in several documents [2-3]).
Proposal 3: The new transmissions of SIB1-NB use a different scrambling sequence from legacy transmissions.


Summary of proposals
Proposal 1: Do not introduce additional subframes or symbols for NPBCH. Improved NPBCH performance can be achieved by cross-TTI MIB combining.
[bookmark: _GoBack]Proposal 2: The new transmissions of SIB1-NB follow a different order than the legacy transmissions.
Proposal 3: The new transmissions of SIB1-NB use a different scrambling sequence from legacy.
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