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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
General views on cell search and system information acquisition improvements
For cell search enhancement, it is agreed that enhanced PSS/SSS based on PSS/SSS or NPSS/NSSS design can be considered. NPSS/NSSS can be the limiting transmissions in the deepest coverage for NB-IoT (which is leading NB-IoT to seek enhancements in Rel-15). Therefore, reusing the design of NPSS/NSSS may not be that attractive for the more capable eFeMTC UE. It is more promising 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. For using NPSS/NSSS on an NB-IoT anchor carrier, it can be left as a UE implementation technique. It is unnecessary to introduce coupling of eFeMTC and NB-IoT in the specification.
Proposal 1: Develop enhanced synchronization signals for eFeMTC 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 system information acquisition improvement, the acquisition of MIB, SIB1-BR and other SI are included. Normally, a UE should acquire the schedulingInfoSIB1-BR in MIB before acquiring SIB1-BR, and then acquire the scheduling information of other SI in SIB1-BR before acquiring other SIBs. Reducing the acquisition time of any of them would help to achieve the latency target of less than 10s.
A common method is introducing more repetitions of them in the system. However, this will consume DL resource, and since there are already repetitions of PBCH, SIB1-BR and SI in current system, the gain from more repetition may not be notable. Moreover, since combination of MIB (enabled by advance receiver), SIB1-BR and SI across the modification boundary is possible, more repetitions of MIB, SIB1-BR or SI seem to be unnecessary.
Use of NPBCH on NB-IoT anchor carrier is another option to enhance the MIB acquisition. For this method, some information, i.e. SIB1-BR scheduling information and LTE bandwidth indication, needs to be added into MIB-NB, which 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 and coexisting with NR) rather than enhancing LTE. Note that this can only benefit the limited scenario when both eFeMTC and NB-IoT are deployed. Therefore, it is not recommended to use NPBCH for MIB acquisition enhancement.
Another way is skipping the MIB/SIB1-BR/SI reading. Such method focuses on the scenarios when the UE re-accesses into a cell, or wakes up from idle mode. In these cases, the UE already has some former knowledge of the system information (though it may be expired). Compared to initial acquisition, this scenario should be more common and happen more frequently. Generally, the methods which can speed up the initial acquisition time of system information can also be applied in the re-acquisition scenario, but methods enabling skipping the system information reading may further reduce the acquisition time, and are therefore worthwhile to consider.
Proposal 2: For reducing the system information acquisition time, new mechanisms allowing UE to skip MIB/SIB1-BR/SI message reading can be further studied.
· Use of NPBCH is not considered.











Enhanced Direct Indication and paging information for MIB/SIB1-BR/SI skipping
An important case when the UE should consider re-acquiring the system information is paging. In each allocated paging occasion (PO), a UE will firstly try to decode the MPDCCH in DCI format 6-2. If the MPDCCH is a direct indication, it contains the following 8 bits indicating the modification of system information:
Table 6.6-1: Direct Indication information [4]
	Bit
	Direct Indication information

	1
	systemInfoModification

	2
	etws-Indication

	3
	cmas-Indication

	4
	eab-ParamModification

	5
	systemInfoModification-eDRX

	6, 7, 8
	Not used, and shall be ignored by UE if received.


The 1 bit IE systemInfoModification is common for MIB, SIB1-BR and SI (without SIB10, SIB11, SIB12 and SIB14). If it is “true”, the UE knows some of the system information has changed, but cannot find more details. Therefore, the UE still has to firstly read the MIB and SIB1-BR, and then possibly other SI if the systemInfoValueTagSI has changed. If the UE is configured using eDRX cycle longer than the BCCH modification period, it should use systemInfoModification-eDRX instead.
Therefore, it is possible to use the spare bits of direct indication to provide more details on the modification of system information. The newly introduced information should aim at enabling UE to skip reading some of the system information when none or only a small part of the system information has changed. Note that the padding bits in DCI format 6-2 is increased with the system BW. Direct indication only uses 8 bits, so it should be possible to expand direct indication in larger bandwidths.
Proposal 3: Consider using the spare bits in the direct indication message of DCI format 6-2 to provide more details on the modification of system information.
WUS indication of system information skipping 
Alternatively, the indication of system information may be conveyed in a physical signal, e.g. wake-up signal (WUS). In the topic of downlink channel power efficiency in eFeMTC, a power saving signal will be introduced. In RAN1#90, a working assumption was reached that the signal will be selected from “Wake-up signal or DTX” and “Wake-up signal with no DTX” [3]. The detailed design is FFS. 
Generally, it would be easier for UE to conduct sequence detection than decoding the DL control channel or data. If the WUS is common or known by all UEs, even if the UE may miss the direct indication or paging MPDCCH, it can still judge the skipping of MIB/SIB1-BR/other SIBs by reading the WUS (no matter the WUS is for this UE or not). It is possible that, with suitable design, the sequence used for the WUS is able to indicate information related to skipping MIB/SIB1-BR/other SIBs, which would avoid the need to transmit or use additional bits elsewhere. 
One concern for this alternative is that the detection complexity of WUS will be increased due to indicating the skipping of system information. The performance loss and complexity increase should be further investigated.
Proposal 4: Consider if the sequence design for WUS, can suitable to provide an indication for skipping MIB/SIB1-BR/SI reading.

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 synchronization signals for eFeMTC 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
Proposal 2: For reducing the system information acquisition time, new mechanisms allowing UE to skip MIB/SIB1-BR/SI message reading can be further studied.
· Use of NPBCH is not considered.
Proposal 3: Consider using the spare bits in the direct indication message of DCI format 6-2 to provide more details on the modification of system information.
Proposal 4: Consider if the sequence design for WUS, can suitable to provide an indication for skipping MIB/SIB1-BR/SI reading.
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