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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#89 and RAN1#90 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. 

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.

Enhancements for SIB1-NB
The main proposal in RAN1 responsibility is to introduce additional subframes for SIB1-NB. This proposal has the following drawbacks:
1) Increased overhead: Similar to the MIB case, the introduction of new subframes for SIB1-NB will further reduce the available resources of an already overhead-heavy anchor carrier.
2) Signalling: The introduction of repetitions would require the UE to know (or hypothesize) whether the SIB repetitions are present. There are two main options
a. Signal in MIB: At least 1 bit would be required for this new repetition.
b. UE hypothesis: An alternative is to allow the eNB to send SIB1-NB in additional subframes, and let the UE hypothesize whether it is transmitted or not. The drawback of this approach is increased UE complexity. Additionally (like the case for MIB), if the SIB1-NB transmission can happen in subframes that may be configured as invalid subframes, the UE has to keep separate tracking/channel estimation loops for both hypotheses.
Given the reasons above, we propose to wait for RAN2/RAN4 to conclude on the possibility of combining SIBs across TTIs, and the possibility of skipping SIBs before making any further decision in RAN1.
Proposal 2: RAN1 to discuss new repetitions for SIB1-NB only after receiving response from RAN2/RAN4 on feasibility/performance of other techniques.


Summary of proposals
Proposal 1: Do not use additional subframes or symbols for NPBCH.
Proposal 2: RAN1 to discuss new repetitions for SIB1-NB only after receiving response from RAN2/RAN4 on feasibility/performance of other techniques.
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