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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 in recent meetings, and RAN1 has agreed to consider the following list of possible improvement candidates [2]:
· 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 
· Accumulation across SI modification periods
· New mechanism allowing to skip SI message reading
· E.g. SI update indication or other indication in MIB or another channel

Some of these candidate techniques relate to changes in RAN1 specifications, others can be isolated to RAN2 or RAN4, and yet others will require decisions in more than one of the working groups. In this contribution we further elaborate on different aspects of these candidates for reducing system acquisition time. 
[bookmark: _Ref178064866]Discussion
The motivation for the work item objective comes from a general desire to reduce system acquisition times where possible, without having any concrete targets clearly stated. Therefore, it may be beneficial to determine if it is more motivated to improve some aspects than others. The different candidate solutions are now discussed for each of the topics above.
PSS/SSS
Two options for reducing synchronization have been included as possible candidates for reducing time for cell search / synchronization. 
The first option is to introduce additional PSS/SSS resources, either based on Rel-8 PSS/SSS signals utilised for Rel-13 eMTC, or NPSS/NSSS signals utilised for NB-IoT. Even if it may be possible to thereby reduce the sync times one should carefully consider if it is worth the additional system overhead. Furthermore, if the additional PSS/SSS resources are based on the existing PSS/SSS design, care must be taken such that the legacy devices, both Rel-13/14 eMTC and non-BL/CE UEs, are not negatively impacted in terms of, e.g., performance degradation. The same holds for NB-IoT devices in case the additional PSS/SSS resources were to be based on NPSS/NSSS. For example, the false alarm rate for NB-IoT devices may increase if there are new signals similar to NPSS/NSSS present that may introduce false correlation peaks.
The second possible candidate solution would be to utilize the NPSS/NSSS on an existing NB-IoT anchor carrier. If a UE would detect, for example, an in-band NB-IoT carrier via NPSS/NSSS, it may later be referred to the center frequency of LTE carrier in order to be able to read system information on PBCH, SIB1-BR, and other SI. This may require some additional signalling on the NB-IoT carrier, thereby increasing the overhead and reducing the performance of NB-IoT. Another drawback is that this would introduce unnecessary dependencies between eMTC and NB-IoT deployment, such that e.g. the performance of the former would depend on whether the latter is deployed within the same carrier. 
It is also by no means certain that the cell search/synchronization time using NB-IoT is lower than for eMTC. The total amount of resource elements used for Rel-13 NPSS/NSSS is lower than that for PSS/SSS, which can be compensated for by allowing power boosting the NB-IoT carrier with up to 9 dB. In [3], the 90th percentile PSS/SSS detection time was found to be ~850 ms @ MCL=164 dB. This was achieved assuming 5 dB Noise figure, which is a less conservative assumption than what has been assumed previously for eMTC in 3GPP, but the same noise figure as has often been assumed for NB-IoT. The correlation was performed over the combined PSS/SSS signal, which is reasonable to assume for re-synchronization to a cell with known Cell-ID, which is also the most common case. Furthermore, a frequency error of 1kHz is assumed which is fairly low as an initial frequency error. However, it may be feasible to consider this, since it can be assumed that the ambient temperature for two consecutive cell search procedures will be fairly similar, and as a consequence, so will also the initial frequency error. Thus, the previously used receiver settings to compensate for the frequency error can in many cases be reused, and thus it can be argued that an error of < 1kHz may indeed be reasonable. 
A detection time of 850 ms can probably be considered reasonable for most IoT applications where the device is in bad coverage. It is also comparable to the detection time for NB-IoT as disclosed in [5], with a 90th percentile of ~1.3s at MCL=164 dB, also assuming a noise factor of 5 dB.
To conclude, we currently do not see the need for introducing additional PSS/SSS resources for eMTC in Rel-15, neither based on legacy PSS/SSS, nor on NPSS/NSSS. It is up to UE implementation to utilize NPSS/NSSS for cell search and synchronization performance, but we propose not to introduce any new mechanisms to further facilitate this.

[bookmark: _Toc490127116][bookmark: _Toc490276151]Additional PSS/SSS resources, or mechanisms to utilize NPSS/NSSS for eMTC devices are not introduced in Rel-15. 

PBCH
It was shown in [3] that MIB reception will contribute with a large part of the total system acquisition time for Rel-13, in particular if the baseline “keep trying” method is used. It is therefore relevant to investigate the possibility to reduce the PBCH acquisition time. In [3] this is done by utilizing a more advanced receiver, presenting results using a correlation-based receiver. In [4] we present results utilizing a receiver capable of combining PBCH transmissions across the 40 ms TTI boundaries by applying a known scrambling mask to modify the branch metrics in the Viterbi decoder and/or the received soft bits. Both methods show that it is indeed possible to significantly reduce the MIB detection time compared to the baseline “keep trying” method. We thus consider this to be the preferred means for reducing MIB detection time, and propose in [6] that RAN4 considers studying advanced PBCH decoding.
As discussed in [4], the enhanced Viterbi decoder does come with an increased complexity compared to if the “keep trying” method with a legacy PBCH decoder is used. However, it was also argued that this increased complexity will not have a significant impact on the modem cost. For example, in one example implementation, the trellis size in increased by a factor of four, but since the trellis has a very small part of the total hardware footprint, this impact on total modem cost is only marginal. Another complexity increase of the enhanced Viterbi decoder comes from the fact that received PBCH data, e.g. in the form of soft values, from different PBCH transmissions may need to be stored. In the scenarios simulated in [4], up to 64 PBCH transmissions were combined for the worst case MCL = 164 dB. If all of these soft values would be stored, it would require memory corresponding to less than a third of the soft value buffer required for PDSCH. Since it is not realistic to assume maximum PDSCH transport block size and maximum number of HARQ processes to be used at these MCL levels, both PBCH and PDSCH soft values should be able to be accommodated within the existing soft buffer. And even if it were to be assumed that the soft buffer needs to be increased by a third, a rough estimate based on the complexity partitioning in [7] is that the total Cat-M1 modem cost would increase by only ~1%. 
The power consumption of a modem is largely determined by the on-time of the modem. Thus, the faster detection time using an enhanced PBCH receiver will help to reduce power consumption. At the same time, however, the enhanced PBCH decoder will require more baseband operations per decoding attempt than a legacy decoder, due to the increased trellis size and the number of blocks to combine. A rough estimate is that the number of operations of the decoder grows linearly with the number of combined blocks in a baseline implementation, but there are several ways in which this can be optimized. Whether or not this increase has a significant impact on the overall power consumption depends on the relation between the PBCH decoding effort and the energy consumption of operations that need to be done regardless, including baseband processing (e.g. AD conversion, digital filtering, FFT operation, and channel estimation) and analog/RF processing. As seen in [4], for the largest MCL considered at least, there will be a large reduction of the detection time when using an enhanced PBCH decoder compared to “keep trying”, and a power consumption reduction due to shorter on-time can be expected. 

[bookmark: _Toc490127117][bookmark: _Toc490276152]Enhanced PBCH decoding is considered as the main candidate for reducing MIB detection time, and RAN4 is encouraged to study such receivers and potentially introduce corresponding performance requirements. 

Similar to PSS/SSS, introducing more resources for PBCH transmission may further reduce the detection time, but at the expense of increasing the overhead. It was also shown in [4] that more can be gained by utilizing an advanced PBCH receiver using the existing Rel-13/14 PBCH repetition rather than doubling the amount of PBCH resources compared to Rel-13/14. 
It has also been proposed to utilize the NPBCH on NB-IoT anchor carrier for conveying the information in the MIB. However, similar to the discussion on synchronization above, this would introduce an undesired dependency between NB-IoT and eMTC deployments, whereas we prefer to make any improvement to eMTC applicable also if NB-IoT is not deployed within the same network. Furthermore, the NB-IoT system information would have to be augmented with information enabling connection to the eMTC carrier, resulting in an increased overhead for NB-IoT which in turn will have some influence of the performance of NB-IoT. 
Regarding mechanisms for skipping MIB message reading, this is more a topic for RAN2, and is discussed in [9]. 
[bookmark: _Toc490127118][bookmark: _Toc490276153]No changes are made in Rel-15 to the physical layer for reducing the MIB detection time. 
SIB1-BR and SI messages
Reception of SIB1-BR and SI messages can be improved in several ways, and similar to other channels and signals, one should carefully consider other options before additional repetitions are introduced. 
It has been clarified that it is indeed possible to combine SIB1-BR and SI messages across the modification period, and significant improvements are achievable by doing this, as illustrated in [8]. 
In Rel-13 and Rel-14, an eMTC UE needs to regularly read the SIB1-BR in order to evaluate any access barring and read the value tag list to detect any changes to SI messages. There is thus a large potential for reduction of the time spent on reading SIB1-BR and SI messages by introducing mechanisms for skipping reading these messages. This is a topic to be decided by RAN2, and possible changes to the standard are proposed in [9]. 
If mechanisms are introduced that allows a significant reduction of the total time spent on reading SIB1-BR and SI messages, there is no imminent need for studying gains from introducing additional repetitions of SIB1-BR or SI messages. 
[bookmark: _Toc490127119][bookmark: _Toc490276154]No changes are made in Rel-15 to the physical layer for reducing the SIB1-BR and/or SI message detection times. 
Conclusion
Possible improvements to the system acquisition time have been discussed. The different candidates requires different involvement of RAN1, RAN2, and RAN4. We have the following proposals:
Proposal 1	Additional PSS/SSS resources, or mechanisms to utilize NPSS/NSSS for eMTC devices are not introduced in Rel-15.
Proposal 2	Enhanced PBCH decoding is considered as the main candidate for reducing MIB detection time, and RAN4 is encouraged to study such receivers and potentially introduce corresponding performance requirements.
Proposal 3	No changes are made in Rel-15 to the physical layer for reducing the MIB detection time.
Proposal 4	No changes are made in Rel-15 to the physical layer for reducing the SIB1-BR and/or SI message detection times.

To summarize, our proposals above have potential impact on RAN2 and RAN4 specifications, but no significant changes to the physical layer are foreseen. 
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