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1 Introduction
In RAN #78 meeting, revised WID RP-172811 on Even further enhanced MTC for LTE was agreed [1]. One of the objectives is latency reduction.

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 meeting, the following techniques were discussed for reducing system acquisition time for MTC [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

· New mechanism allowing to skip SI message reading

· E.g. SI update indication or other indication in MIB or another channel

In RAN1 #89 meeting, the following techniques were discussed for reducing system acquisition time for MTC [3].

· 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 RAN1 #90bis and #91 meetings, on top of the assumptions agreed in R1-1706583, additional assumptions that can be used for evaluation of improved cell search and/or system information acquisition performance were agreed [4][5].

In this contribution, we further discuss the techniques for reducing system acquisition time for MTC.

2 Consideration on resynchronization signal

Synchronization includes two scenarios: initial cell access and cell re-entry. For initial cell access, to avoid increase of additional blindly decoding complexity, initial synchronization should only depends on existing PSS/SSS. For cell re-entry, two options can be considered to reduce resynchronization time and power consumption.

· Option 1: Introduce resynchronization signal (RSS) which is only used for resynchronization [5]

· Option 2: Introduce RSS with other information, e.g., wake up, or system information change 
For Option 2, the resynchronization time and power consumption of the UE can be reduced, and the overhead caused by transmission of other information can be saved. So the resource efficiency for Option 2 is higher than that for Option 1.  As a choice, information carried by RSS can be configured by the higher layer.
An example on RSS with wake up is shown in Figure 1. Here, the RSS is cell specific and includes two sequences (RSS-1and RSS-2). One of the two RSS sequences is transmitted at starting of each period X where RSS-1 is used for resynchronization and indicating there has no paging message within duration Y (Y < X) while RSS-2 is used for resynchronization and indicating there has paging message within duration Y. When a UE detects RSS-1, the UE would not be waked up to receive paging within duration Y. The UE will be waked up for paging monitoring within duration Y when it detects RSS-2. Y can be configured by higher layer. For duration outside of Y, PO-specific WUS/DTX can be used. 
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Figure 1 Example of RSS with wake up information
Observation 1: RSS with other information can reduce resynchronization time and power consumption, and save the overhead caused by transmission of other information, which is beneficial for improving resource efficiency.

In order to confirm the performance of Option-2, simulation evaluation is provided. Detailed simulation assumptions are shown in Table A.1. For Option-1, the time drift and frequency offset within the requested range means successful synchronization. For Option-2, two cyclic shifts using the same root index are used to carry “1 bit” information. In this case, firstly one of two cyclic shifts is identified using correlation operation, and then the time drift and frequency offset are estimated. Simulation results are shown in the following tables for different MCLs and repetition numbers.

Table 1 The performance for MCL = 144 dB (SNR = 7.45 dB)
	
	Option 1
	Option 2
	Performance loss

	Repetition number = 1
	Sync probability
	0.9581
	0.9564
	0.0017

	
	False detection probability
	-
	0.0006
	-


Table 2 The performance for MCL = 154 dB (SNR = -2.55 dB)

	
	Option 1
	Option 2
	Performance loss

	Repetition number = 3
	Sync probability
	0.9016
	0.8933
	0.0083

	
	False detection probability
	-
	0.0083
	-

	Repetition number = 4
	Sync probability
	0.9209
	0.9155
	0.0054

	
	False detection probability
	-
	0.0047
	-


Table 3 The performance for MCL = 164 dB (SNR = -12.55 dB)

	
	Option 1
	Option 2
	Performance loss

	Repetition number = 24
	Sync probability
	0.8831
	0.8766
	0.0065

	
	False detection probability
	-
	0.0093
	-

	Repetition number = 32
	Sync probability
	0.9039
	0.8988
	0.0051

	
	False detection probability
	-
	0.0074
	-


For the given MCL and repetition number, the following can be observed: 

· The reduction of “sync probability” performance for Option-2 is lower than 1%.

· The “false detection probability” for Option-2 is lower than 1%.

Observation 2: For RSS with other information, the performance loss of “sync probability” is negligible, and the “false detection probability” target can be satisfied.

Proposal 1: Introducing resynchronization signal (RSS) with other information can be considered.

· At least including ‘wake up’ information.
3 Consideration on improving MIB/SIB1-BR acquisition performance
In order to improve MIB/SIB1-BR acquisition performance, the following two options can be considered: 

· Option-1: Dependent on implementation related to eNB/UE

Power boosting, cross-subframe channel estimation and combined detection across multiple periods can be applied for decoding of MIB, SIB1-BR and other SIs. For example, SIB1-BR accumulation across multiple SIB1-BR scheduling periods can improve SIB1-BR decoding performance. Even though SIB1-BR may change at the boundary of modification period but it is not very frequent. Simulation results in [6] show cross-subframe estimation and combined decoding across multiple 40-ms MIB periods can significantly reduce the MIB decoding time. Simulation results in [7], [8] show cross-subframe estimation and SIB1-BR accumulations across multiple scheduling periods can reduce the SIB1-BR acquisition time. 

· Option-2: Introduction of additional repetitions

When MIB or SIB1-BR transmissions are doubled, the corresponding acquisition time can be approximately reduced to half. In Rel-13 eMTC, subframe#0 and subframe#9 are used for MIB repetitions. In this case, additional repetitions of MIB only can be located in subframe#4 and subframe#5. In Rel-13 eMTC, depending on the parity of PCID, subframe#4 and subframe#9, or subframe#0 and subframe#9 are used for SIB1-BR repetitions. In this case, additional repetitions of SIB1-BR only can be located in subframe#0 and subframe#5, or subframe#4 and subframe#5.

Option 1 has no impact on RAN1 specification and would not introduce additional overhead. It is applicable for initial access. The only drawback of Option 1 is the increased UE implementation complexity. Option 2 has relatively larger specification impact. Furthermore, Option 2 needs relatively larger overhead. In this case, the system spectral efficiency and capacity may be reduced and more serious blocking issue would be caused which has impact on paging, RAR message and DL/UL data transmission. To achieve the same performance as Option 1, since UE needs to decode more DL resources for Option 2, more UE power consumption would be expected.

In RAN2#99bis meeting, the agreement “Indicate in MIB whether there has been or not a system information change for a certain period of time” was achieved, so new mechanism allowing to skip SIB1-BR and/or SI messages has been adopted by RAN2. Skipping SIB1-BR and/or SI messages reading can significantly reduce the system information acquisition time. So necessity of additional repetitions of MIB/SIB is further reduced. 

Proposal 2: Additional repetitions of MIB/SIB1-BR are not supported for Rel-15 MTC.
4 Conclusions

In this contribution, we have discussed solutions for the system acquisition time reduction for MTC. We make the following proposals: 

Observation 1: RSS with other information can reduce resynchronization time and power consumption, and save the overhead caused by transmission of other information, which is beneficial for improving resource efficiency.

Observation 2: For RSS with other information, the performance loss of “sync probability” is negligible, and the “false detection probability” target can be satisfied.

Proposal 1: Introducing resynchronization signal (RSS) with other information can be considered.

· At least including ‘wake up’ information.

Proposal 2: Additional repetitions of MIB/SIB1-BR are not supported for Rel-15 MTC.
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Appendix
Table A.1 Simulation assumptions
	Parameter
	Value

	BS TX antenna configuration
	2 Tx

	BS power
	43 dBm

	Occupied BW
	180 kHz

	Band
	900 MHz

	Channel model
	TU

	Doppler spread
	1 Hz

	UE RX antenna configuration
	1 Rx

	UE NF
	5 dB

	Coupling loss
	144dB, 154dB, 164 dB

	Sequence
	131-ZC sequence

	Initial time drift
	0.4096 ms

	Initial frequency offset
	921 Hz

	Residual time drift
	Within CP

	Residual frequency offset
	100 Hz

	Target sync probability
	~90%
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