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[bookmark: _Ref129681832]In RAN1#88bis, the following agreements on reducing the cell search and system information (SI) acquisition time were reached [1]:
	Agreements:
· 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 RAN1#89, the following technique on reducing SI acquisition time was agreed [2]:
	Agreement:
· In addition to the techniques for system acquisition time reduction agreed to be considered in RAN1#88bis, the following technique can be considered:
· SI messages
· Accumulation across SI modification periods


In this contribution, we share our views on the potential techniques for reducing the cell search and SI acquisition time.
Discussion
Using NPSS/NSSS/NPBCH on NB-IoT anchor carrier
As discussed in [3] [4], NPSS is transmitted with a length of 11 symbols and a bandwidth of 11 subcarriers, while PSS is with a length of 1 symbol and a bandwidth of 62 subcarriers. Compared to PSS, the narrowband design of NPSS facilitates the power boosting (e.g. 6 dB power boosting) and subsequently improve the synchronization performance. If NB-IoT is deployed in the system (i.e. in-band mode), the eFeMTC UE can use the NPSS/NSSS on an NB-IoT anchor carrier. This can be left as a UE implementation technique.
However, for the case when the cell supports eFeMTC but not NB-IoT, it may not be a good solution to transmit a NPSS/NSSS-like signal as an enhanced PSS/SSS. Even if a cover code can be used to avoid misleading NB-IoT UEs, it still brings unnecessary resource overhead to the system. For another case when NB-IoT is supported in in-band mode but with different NB-IoT cell ID to the LTE cell ID, the eFeMTC will be confused when acquiring the Cell ID by NPSS/NSSS, so the use cases for this possibility are somewhat restricted. Moreover, the good performance of NPSS/NSSS requires power boosting, where the signal takes power from other parts within the system bandwidth during the transmission time. Thus, more resource and power are spent but cannot benefit legacy MTC UEs, NB-IoT UEs or normal LTE UEs. NPSS/NSSS can be the limiting transmissions  in the deepest coverage (which is leading NB-IoT to seek enhancements in Rel-15), meaning that it is probably more attractive for eFeMTC to take advantage of LTE’s wide system bandwidth to give the UE the benefits of higher DL transmit power and frequency diversity in 6 PRBs. Therefore, we have the following proposal:
Proposal 1: Develop enhanced signals based on PSS/SSS
· Time and/or frequency domain repetitions can be considered
· Ask RAN4 to consider using NPSS/NSSS on an NB-IoT anchor carrier as a potential implementation solution
For the case of NPBCH, a similar analysis can be made. Besides the narrowband design, the period of NPBCH (640ms) is much larger than that of PBCH (40ms) and allows more combination to improve the decoding performance. However, the advantage of this for an eFeMTC UE is not obvious, because such UEs can apply advanced receivers that allows combination of PBCH across the 40-ms period, which will be discussed later. 
Additionally, some information, i.e. SIB1-BR scheduling information and LTE bandwidth indication, may need to be added into MIB-NB. However, such information is exactly what NB-IoT has eliminated and cannot benefit NB-IoT at all. The spare bits of MIB-NB should be kept for NB-IoT to use in the future (e.g. for supporting TDD) rather than enhancing LTE. Moreover, some potential methods may bring uncertain changes in related features, for example, more bits may be added in SIB1-BR scheduling information to indicate more repetitions of SIB1-BR. Further study and evaluation of using NPBCH (on an NB-IoT anchor carrier) by eFeMTC UEs is required.
Advanced receiver techniques
A method to enhance PBCH decoding performance is to transmit more repetitions within each 40 ms period. However, even if 5 repetitions would be added into each radio frame, e.g. center 6 RBs in subframe#4 and subframe#5 when BW > 3 MHz, the performance gain is expected to be less than 3dB compared to Rel-13 eMTC. Such method can benefit only the Rel-15 MTC UEs at the expense of DL resources.
On the other hand, advanced receivers enable combination of PBCH across 40 ms periods. It does not require newly introduced repetitions but can reduce the MIB acquisition time, especially in the deep coverage case. As also pointed out in [5], an advanced receiver may apply both cross-subframe channel estimation and joint decoding, or only the former according to UE implementation. There should be no specification impact in RAN1.
Similarly, accumulation across SIB1-BR and SI modification periods are also implementation solutions to the SIB1-BR and SI acquisition time. Through the modification of SIB1-BR and SI, if any, is not that predictable compared to MIB, it should not frequently happen. Even so, the UE can do accumulation across the modification period and start a new accumulation after the modification boundary in parallel. To avoid reducing spectrum efficiency and increasing specification work, such implementation methods can be used if the complexity is proved to be acceptable.
However, to date RAN4 have not made any assumption of more advanced receivers in the UE. Since doing so would improve performance without physical layer specification impact, it is worthwhile requesting RAN4 to look into this option. To be more specific, the cost (e.g. computation times, memory storage, etc.) and performance gain of the advanced receivers with either cross-subframe channel estimation or joint Viterbi Decoding or both may need to be evaluated, respectively. 
Proposal 2: Request RAN4 to assume that eFeMTC UEs use advanced receiver techniques, such as accumulation across more than one modification period, to reduce the SI acquisition time, without RAN1 specification impact.
MIB/SIB1-BR/SI skipping
For the case of initial access, the UE knows almost nothing about the target cell, and skipping the MIB/SIB1-BR/SI message is not possible, since the related information should be acquired.  Pre-setting the system information is not realistic considering that plenty of different setting combinations would occur, and the benefit seems to be small if it is at the cost of MIB spare bits.
For the case of re-acquiring the system information of the target cell, skipping the MIB/SIB1-BR/SI reading is mainly based on the assumption that the system information shall not frequently change. Thus the issue is left as acquiring the SFN and confirming that (most of) the SI remains unchanged. Note that the SIB1-BR already contains systemInfoValueTag, so indication of the SI change later than acquiring SIB1-BR is not beneficial. A direct way is to put the systemInfoValueTag or a shortened version (e.g. the least significant 3 bits) into MIB. 
A UE is not expected to frequently acquire the system information of neighbor cells. For handover scenarios, in RAN1#88, a new field is agreed to be introduced in the handover message to indicate whether the timing offset between source cell and destination cell is less than half of a radio frame. If the deployments of the cells in a certain area are similar, it may be beneficial to indicate the delta SFN and MIB/SIB1-BR differences (or at least a flag indicating whether the reading of MIB/SIB1-BR can be skipped or not) in the neighbor cell list in SIB4 or SIB5. 
Proposal 3: New mechanisms allowing UE to skip MIB/SIB1-BR/SI message reading can be further studied.
Conclusions
In this contribution, we discuss several techniques and mechanisms for reducing the cell search and system information acquisition time. The proposals are listed as follows:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: Develop enhanced signals based on PSS/SSS
· Time and/or frequency domain repetitions can be considered
· Ask RAN4 to consider using NPSS/NSSS on the anchor carrier as a potential implementation solution
Proposal 2: Request RAN4 to assume that eFeMTC UEs use advanced receiver techniques, such as accumulation across more than one modification period, to reduce the SI acquisition time, without RAN1 specification impact.
Proposal 3: New mechanisms allowing UE to skip MIB/SIB1-BR/SI message reading can be further studied.
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