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[bookmark: _Ref129681832]In RAN#75, a new WID was agreed to make further enhancements on MTC for LTE in Rel-15 [1]. One of the objectives is to reduce the cell search and system information acquisition time:
	Improved latency:
· Reduced system acquisition time [RAN1 lead, RAN2, RAN4]
· Improved cell search and/or system information (including MIB and SIB1-BR) acquisition performance


In RAN1#88bis, the following agreements on reducing the system information (SI) acquisition time were reached:
	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 this contribution, we share our views on the potential techniques for reducing the cell search and SI acquisition time. We use ‘eMTC UE’ to mean BL/CE UEs, and ‘NB-IoT UE’ to mean NB-IoT UEs from any current release, and ‘eFeMTC UE’ to refer to BL/CE UEs in Rel-15.
Discussion
PSS/SSS
PSS and SSS are used for DL synchronization, 5ms/10ms timing alignment, PCI acquisition, CP length determination, etc. If more repetition of PSS/SSS is introduced in time domain (in the center 6 PRBs), it may confuse the timing alignment of the legacy UEs and non-MTC UEs when coexist in the same Rel-15 LTE cell.
NPSS is transmitted in each subframe 5 in 11 OFDM symbols and a bandwidth of 11 subcarriers. As a result, the total RE number of legacy PSS  within one radio frame is similar to NPSS during each radio frame. However, the 1 RB bandwidth design of NPSS significantly facilitates the power boosting (e.g. 6dB power boosting) and improves the coverage. Therefore, it is beneficial for eFeMTC UEs to use the NPSS/NSSS on the NB-IoT anchor carrier. 
On the other hand, comparing to reusing NPSS/NSSS, a new enhanced PSS/SSS based on NPSS/NSSS design may not be a good solution. Such new design would increase the system overhead, since the eMTC and NB-IoT UEs cannot use the new PSS/SSS, and the system has to provide legacy PSS/SSS, NPSS/SSS and new PSS/SSS at the same time for backward compatibility. 
Proposal 1: Enhance the PSS/SSS by using NPSS/NSSS on NB-IoT anchor carrier.
PBCH
PBCH carriers MIB in the center 6 PRBs and every radio frame. For better MIB acquisition performance, an enhanced PBCH mechanism has already been introduced in Rel-13, which allows 4 more repetitions of PBCH within the 6 center PRBs when the system bandwidth is larger than 3MHz. It can be expected that a near 7dB gain would be achieved with the 4 repetitions. Therefore, if additional 5 repetitions of PBCH are added in each radio frame, the performance gain is expected to be 3dB. Meanwhile, the overhead would be doubled and approximately reaches 3.43% of the total DL resources (10MHz DL bandwidth). Such overhead would be even higher with a smaller system bandwidth, and need to be considered whether it is acceptable.
For NPBCH transmission, UE can combine MIB-NB across 640 ms without applying complex advanced receiver, which is a much longer combining time than legacy MIB combination which changes every 40 ms. As a result, using NPBCH on anchor can achieve better performance at least in the deep coverage case.
The use of NPBCH on NB-IoT anchor carrier requires some modification on MIB-NB, e.g. adding the 5 bits SIB1-BR scheduling information and LTE system bandwidth indication into the MIB-NB. It is a possible choice if the spare bits in MIB-NB are suitable and will not cause serious forward compatibility problem. However, the use of MIB-NB may not benefit MIB acquisition time in the normal coverage case. This is due to the design of NPBCH which is with narrow bandwidth, long period and large number of repetitions. 
New mechanism that allows skipping MIB message reading should be considered in the non-initial SI acquisition case. The new mechanism can be applied in RRC re-establishment, cell re-selection, etc. For advanced MIB decoding technique which can combine MIBs across 40-ms PBCH periods, since it has not been part of Rel-14 demodulation requirement yet, it is an implementation solution which can effectively lower the MIB acquisition time, but may not need RAN1 specification effort.
Proposal 2: If enhancement of MIB acquisition in deep coverage is needed, NPBCH on the anchor carrier can be used.
SIB1-BR
SIB1-BR carries the scheduling information of other SIBs and thus important to improve its acquisition performance. Currently, the repetition number of SIB1-BR within 80ms can be 4, 8 or 16 indicated by the 5 bits IE schedulingInfoSIB1-BR-r13 in MIB. The relationship between the value and the SIB1-BR location can be found in [2] [3], as can be shown below:
[image: ]
[bookmark: _Ref480919120]Figure 1 Relationship of schedulingInfoSIB1-BR-r13, repetition number and locations
As can be seen in Figure 1, there are 13 reserved states of schedulingInfoSIB1-BR-r13, and the subframes used for SIB1-BR are Subframe 0, 4, 9 for FDD and Subframe 0, 5 for TDD. It can be expected that more repetitions of SIB1-BR can be introduced, e.g. 32 repetitions, by using the reserved states of schedulingInfoSIB1-BR-r13 or other IEs. The possible locations of the newly introduced repetitions can be Subframe 0, 4, 5, 9 for FDD, and Subframe 0, 1, 5, 6 for TDD. Using SIB1-NB for eFeMTC UEs is another possible choice, especially in the deep coverage case. A new mechanism to allow skipping SIB1-BR message reading is also beneficial. Methods such as adding a systemInfoValueTag into MIB to indicate the modification of system information, however, should be carefully considered since there are few spare bits in MIB remaining currently. Signals in other channels can be further studied to allow skipping the reading of SIB1-BR.
Proposal 3: Study further on SIB1-BR acquisition time
· Introduce additional repetitions, e.g. 32 repetitions, for SIB1-BR
· Use SIB1-NB on NB-IoT anchor carrier
SI messages
The number of repetitions of the SI is up to eNB to a certain extent. It depends on the IE configured in SIB1-BR, e.g. si-WindowLength-BR-r13, si-RepetitionPattern-r13, etc. It would be better to evaluate whether all configurations of the SI cannot fulfill the demand of acquisition time. If not, additional repetitions of the SI messages may be introduced.
A new mechanism that allows skipping SI messages can also be considered. For example, more accurate information about the changed SI, i.e. which SIB(s) is changed, can be indicated at a finer granularity than Rel-13.  
Observation 1: It would be better to consider whether current SI configurations can fulfill the demand of acquisition time.
Conclusions
In this contribution, we discuss several techniques and mechanisms for reducing the cell search and system information acquisition time. We make the following observation and proposals:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: It would be better to consider whether current SI configurations can fulfill the demand of acquisition time.
Proposal 1: Enhance the PSS/SSS by using NPSS/NSSS on NB-IoT anchor carrier.
Proposal 2: If enhancement of MIB acquisition in deep coverage is needed, NPBCH on the anchor carrier can be used.
Proposal 3: Study further on SIB1-BR acquisition time
· Introduce additional repetitions, e.g. 32 repetitions, for SIB1-BR
· Use SIB1-NB on NB-IoT anchor carrier
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