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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
RAN4 has received an LS from RAN1 on improvements of SI acquisition time in Rel-15 MTC, as part of the LTE_eMTC4 work item (even further enhanced MTC; efeMTC). Improvements aiming at reducing the SI acquisition times are propose in the following areas: (i) PSS/SSS, (ii) PBCH, (iii) SIB1-BR and (iv) SI messages. Improvements may be on network side (redesign or increased redundancy of signals and channels), terminal side (improved algorithms), or both.
The LS from RAN1 states the following regarding improvements relating to PBCH: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:
[…]
· 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

[…]

Some of the techniques that are being considered are expected to have RAN2 and RAN4 impacts.

The expected action from RAN4 is as followsRAN1 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.


In this contribution, we are focusing on PBCH, and particularly, on improved MIB decoding algorithms based on combining across 40ms PBCH periods.

Background
In the early MTC specification work, combining across 40ms PBCH periods was proposed as a means for improving MIB decoding at low SINR without consuming system capacity on increased redundancy of PBCH. A contribution was provided that included an exemplary implementation of a Viterbi decoder capable of combining 40 ms periods [2], which showed that up to 10 times faster acquisition could be expected compared to using a legacy Viterbi decoder. However, at that time, it was agreed in RAN1 that increased PBCH redundancy (repetitions) would provide sufficient performance while constituting an acceptable loss of system capacity. 
Since then there has been an increasing concern on the SI acquisition times both from RAN1 and RAN2, leading to that improvements in this area is included in the core part of the WI “Even further enhanced MTC” [4].
In related RAN1 work, link simulation results in [3] showed that MIB acquisition times at low SINR (high MCL) were large for the conventional PBCH decoder even with the PBCH repetitions introduced in Rel-13, and that a decoder that supports combining across 40ms PBCH periods can achieve significantly shorter acquisition times – see Figure 1.
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[bookmark: _Ref489970739]Figure 1: MIB acquisition using Rel-13 PBCH repetitions at MCL = 164 dB (left) and 159 dB (right) using a conventional PBCH decoder and an enhanced decoder combining across PBCH TTIs.
In [3] it was further investigated what improvement would result from increasing the PBCH repetitions to twice of that in Rel-13 – see Figure 2. One observation that was made is that the performance of the conventional PBCH decoder with doubling of PBCH repetitions is still inferior to combining across PBCH TTIs without such doubling. Compare for instance the 90th percentile of the green curve in Figure 1 (left) with the 90th percentile of the blue curve in Figure 2 (left). Another observation that was made is that even after doubling the PBCH repetitions, the conventional PBCH decoder performance does not meet an acceptable MIB acquisition time at low SINR as the 90th percentile indicate an acquisition time of 8 seconds. The simulations provided in [3] further were using performance-enhancing techniques such as cross-subframe channel estimation.
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[bookmark: _Ref489971018]Figure 2: MIB acquisition at MCL = 164 dB (left) and 159 dB (right) assuming doubling of PBCH repetitions.

We make the following observations:
Observation 1: A PBCH decoder that combines across 40ms PBCH periods outperforms a conventional PBCH decoder, even when the latter is allowed to use twice as many PBCH repetitions. The difference in acquisition time is about 5 times.
Observation 2: Anchor carrier capacity is already scarce, and introducing further repetitions of PBCH would reduce the available capacity even further. As indicated by the simulation results, it is not clear that increased repetition of PBCH would meet the objective of significantly reducing the MIB acquisition time.
Observation 3: Reduction of the MIB acquisition time has a positive impact on the UE power consumption since the radio is the single biggest consumer, and with less radio time needed, power can be saved.
Since it seems that increased repetitions will not solve the long MIB acquisition time, we propose that RAN4 considers usage of enhanced PBCH decoders.
Proposal 1: Usage of enhanced PBCH decoders is to be baseline for core requirements on MIB acquisition time for efeMTC.
Proposal 2: A simulation campaign is to be carried out by interested companies. The particular design of the enhanced PBCH decoder is up to each contributing company. Details of the simulation activities are settled and captured in a WF during the meeting.
Proposal 3: As a partial response to the RAN1 LS, RAN4 confirms to RAN1 that it is undertaking studies on reduction of MIB acquisition time where the baseline is an enhanced PBCH decoder.

Summary and Conclusion
In this contribution we have looked into the usage of an enhanced PBCH decoder for meeting the objectives in efeMTC to shorten the SI acquisition time. The following observations are made:
Observation 1: A PBCH decoder that combines across 40ms PBCH periods outperforms a conventional PBCH decoder, even when the latter is allowed to use twice as many PBCH repetitions. The difference in acquisition time is about 5 times.
Observation 2: Anchor carrier capacity is already scarce, and introducing further repetitions of PBCH would reduce the available capacity even further. As indicated by the simulation results, it is not clear that increased repetition of PBCH would meet the objective of significantly reducing the MIB acquisition time.
Observation 3: Reduction of the MIB acquisition time has a positive impact on the UE power consumption since the radio is the single biggest consumer, and with less radio time needed, power can be saved.
Based on the observations, we make the following proposals:
Proposal 1: Usage of enhanced PBCH decoders is to be baseline for core requirements on MIB acquisition time for efeMTC.
Proposal 2: A simulation campaign is to be carried out by interested companies. The particular design of the enhanced PBCH decoder is up to each contributing company. Details of the simulation activities are settled and captured in a WF during the meeting.
Proposal 3: As a partial response to the RAN1 LS, RAN4 confirms to RAN1 that it is undertaking studies on reduction of MIB acquisition time where the baseline is an enhanced PBCH decoder.
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CDF for MIB acquisition time @ MCL = 158 dB using 2x Rel-13 PBCH repetition
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