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Introduction
The Rel-15 WI on “Even further enhanced MTC for LTE” [1] has the following WI objective for machine-type communications for BL/CE UEs:
· Reduced system acquisition time [RAN1 lead, RAN2, RAN4]
· Improved cell search and/or system information (including MIB and SIB1-BR) acquisition performance
The topic was discussed in several contributions to the RAN1#88bis meeting, and the chairman’s notes [2] contain the following list of possible improvement candidates:
· 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
· New mechanism allowing to skip SI message reading
· E.g. SI update indication or other indication in MIB or another channel

In this contribution we will focus on reduced PBCH acquisition time using a more advanced Viterbi decoder.  
Alternative MIB decoding techniques
One of the techniques to consider for improving PBCH acquisition time is the possibility to combine PBCH transmissions across the 40 ms PBCH periods. The Rel-13 and Rel-14 Master Information Block consists of 
· DL transmission bandwidth information (3 bits)
· PHICH configuration (3 bits)
· System Frame Number (8 MSB)
· SIB1-BR scheduling information (5 bits)
· Spare bits (5 bits)
Since all the MIB content except for SFN can be expected to change very rarely, these bits can be considered semi-static and thus constant across the 40 ms PBCH periods. Furthermore, the SFN bits vary in a completely deterministic manner in that they are incremented every 40 ms. So even if the actual content is not known, the systematic relation between the MIB content in two or more PBCH occasions can be exploited to improve the decoding performance. Such a technique allowing for accumulation of PBCH transmissions over longer time than 40 ms using a Viterbi decoder was presented in [5]. It relies on the fact that both tail-biting convolutional coding and the CRC attachment are linear codes. As a consequence, two or more PBCH occasions which differ only by a known SFN increment can be combined by applying a known scrambling mask to the received soft bits. An example implementation of the modified Viterbi decoder was also provided in [5].
Simulation results 
Simulation results that indicated large performance gains under AWGN conditions were presented in [5]. In this contribution we present simulation results under fading conditions, using the agreed simulation assumptions in [6]. In addition to these assumptions, the simulations have been done with cross-subframe channel estimation using an IIR filter corresponding to ~6 subframes averaging. To illustrate the performance gain with the advanced decoder, the CDF of the MIB acquisition time for MCL = 164 dB using PBCH repetition according to Rel-13 is shown in Figure 1. In this scenario, up to 64 PBCH TTIs are collected where needed, corresponding to 2.56s PBCH transmission. 
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[bookmark: _Ref481667988]Figure 1  MIB acquisition using Rel-13 PBCH repetitions at MCL = 164 dB using a conventional PBCH decoder and an advanced decoder combining across PBCH TTIs.
As can be seen in the figure, under the given simulation assumptions the advanced decoder has a 50th and 90th percentile acquisition time of 0.7s and 1.6s, respectively. The conventional receiver has a 50th percentile acquisition time of around 10 s, and much higher 90th percentile. Measured at the 50th percentile, the advanced decoder thus provides a 10-fold reduction in MIB acquisition at this operating point. In can be concluded that some improvement over the Rel-13 nominal performance may be needed at these MCL levels, and the advanced MIB decoder appears to provide enough performance gain to be feasible, also without using additional system resources.
Also at somewhat lower MCL levels, the advanced MIB decoder provides substantial gains, see Figure 2, whereas at MCL = 154 dB and lower, the conventional decoder appears to provide short enough decoding times when PBCH repetitions according to Rel-13 are used, see Figure 3.
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[bookmark: _Ref481669070]Figure 2  MIB acquisition at MCL = 159 dB
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[bookmark: _Ref481672195]Figure 3  MIB acquisition at MCL = 154 dB

However, in scenarios with moderate coverage enhancement needs, the advanced MIB decoder may be used as an alternative to using PBCH repetitions, in order to save system resources. 
Implementation complexity
The proposed advanced MIB decoder is associated with an increased implementation complexity. However, this is deemed moderate considering the large achievable gains. One can envision several possible implementation architectures to realise the advanced decoder, but they will have some basic features in common that will contribute to the increase in complexity:
· The combination of soft values from several transmissions means that these values need to be stored somehow. This can e.g. be done saving states in the trellis, or simply by buffering the soft values for each PBCH TTI. Though this may seem undesirable, this may have only small, if any, impact on the modem complexity. For example, if initial PBCH is considered, the soft value buffer needed for PDSCH reception in the modem is not used at this stage. Given that the each PBCH block consists of 120 soft bit values after rate matching, the soft bit memory of at least 25344 soft bit values corresponds to storing over 200 PBCH blocks. 
· The inclusion of the manipulation of the soft values and/or path and branch metrics in the Viterbi decoder due to the incremented SFN counter can be translated into a larger state space in the decoder, and a larger trellis. The underlying reason for this is that the SFN counter is represented by 8 bits, whereas the generator polynomials of the tailbite convolutional code have only memory of 6 symbols. This means that there will both be more computations needed as well as larger memory requirements for the trellis. In the example implementation provided in [5], the increase in trellis size was around a factor of four. However, this increase would have only a marginal effect on the total modem complexity. 
· [bookmark: _GoBack]The number of additional computations needed due to the increased trellis size and due to the combination of more PBCH TTIs largely depend on how these values are stored and how the accumulation is performed. A circumstance that reduces the requirements on the PBCH decoder is that it is not a time critical operation in the sense that the computations can be spread out during the whole 40 ms TTI. Thus the requirements on instantaneous computational requirements can be considered significantly lower than e.g. for MPDCCH or PDSCH decoding. 

To summarize, we consider the additional modem complexity associated with the advanced MIB decoder to be moderate, and thus that the use of such decoders are feasible.  
[bookmark: _Toc478151970][bookmark: _Toc478155925][bookmark: _Toc478155939][bookmark: _Toc481661484][bookmark: _Toc481661499][bookmark: _Toc481705967][bookmark: _Toc481710168][bookmark: _Toc481710176]Consider advanced MIB decoding schemes as a key technique for improving MIB acquisition time. 

Conclusion
In this contribution we have shown that PBCH acquisition times can be significantly reduced at large MCL levels using advanced MIB decoding techniques. We also conclude that the additional implementation complexity is marginal, and that is therefore feasible to include as a key technique for improving the MIB acquisition time. It has the additional advantage compared to other techniques that it does not increase the use of system resources.
Proposal 1	Consider advanced MIB decoding schemes as a key technique for improving MIB acquisition time.

If advanced MIB decoding is considered a basic component of a Rel-15 efeMTC device, the need for using  additional system resources to improve MIB acquisition time may be reduced. This does not preclude other solutions mentioned above, such as mechanisms to allow less frequent acquisition of system information, or using synergies with NB-IoT enhancements. 
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