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1 Introduction
In RAN #76 meeting, revised WID RP-171428 on Further NB-IoT enhancements was adopted [1]. One of the objectives is latency reduction. 

Reduced system acquisition time [RAN1 lead, RAN2, RAN4] 
· Improved cell search and/or system information (at least MIB-NB) acquisition performance, for all operation modes 

In RAN1 #88bis meeting, the following techniques were discussed for reducing system acquisition time [2]. 
· For reduced system acquisition time for NB-IoT, at least the following candidates can be considered 
· Enhancement(s) to NPSS/NSSS 
· Enhancement(s) to MIB-NB 

· SIB1-NB accumulation across multiple SIB1-NB TTIs (with or without specification impact) 
· New mechanism allowing to skip SIB1-NB and/or SI messages and/or MIB-NB reading 
· Additional SIB1-NB is transmitted on other subframes in addition to the existing SIB1-NB transmission

· Use of physical signal/channel in agenda item 7.2.7.1.1 (if introduced) 
· FFS on other SIBx-NB 
· Details of all solutions are FFS 
· Solutions need to be backwards compatible and take care of impacts to Rel-13/Rel-14 networks 
In RAN1 #89 meeting, the following techniques were discussed for reducing system acquisition time [2]. 
· Additional transmissions of NPSS/NSSS in subframes other than those used in Rel-13 for in-band, guard-band and standalone are not considered in Rel-15 for an anchor carrier

· FFS: NPSS/NSSS transmission using unused 3-OFDM symbols in existing subframe#5,9 on anchor carrier at least for stand-alone and guard band modes

In this contribution, we discuss the considerations on reducing system acquisition time for NB-IoT. 
2 Solutions for reduced system acquisition time

2.1 Consideration on improving system acquisition performance

In order to improve system acquisition performance, the following two options can be considered: 

· Option-1: Dependent on implementation related to receivers 

· Option-2: Introduction of additional repetitions 

For Option-1, the possible solutions related to implementation were provided in [4], e.g., cross-subframe channel estimation, enhanced SIB1-NB accumulations across multiple periods, and advanced MIB-NB decoding techniques. In addition, other solutions also can be considered, e.g., PSD boosting and parallel detection and reception of MIB-NB and SIB1-NB. Possible solutions related to implementation can be used when the solution does not cause large power consumption. 

For Option-2, additional repetitions can be applied to NPSS/NSSS, MIB-NB and SIB1-NB. It is beneficial for improving performance of NPSS/NSSS, MIB-NB and SIB1-NB, thus system acquisition time can be further reduced. For example, when NPSS/NSSS, MIB-NB or SIB1-NB transmissions are doubled, corresponding acquisition time can be approximately reduced to half. In Rel-13 NB-IoT, subframe#0 is used for MIB-NB transmission, subframe#5 is used for NPSS transmission, subframe#9 in even frames is used for NSSS transmission, and depending on the parity of PCID, subframe#4 in even frames or odd frames is used for SIB1-NB transmission. Additional repetitions of NPSS/NSSS, MIB-NB and/or SIB1-NB only can be located in subframe#9 in odd frames and in subframe#4 in even frames or odd (depending on the parity of PCID) frames, as shown in Figure 1(a) and Figure 1(b). In addition, unused 3-OFDM symbols in subframe#0, #5 and #9 on anchor carrier used for additional repetitions of NPSS/NSSS and MIB-NB can be considered for guard-band and standalone modes.
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Figure 1 Available subframes for additional repetitions of NPSS/NSSS, MIB-NB and SIB1-NB 
In addition, if additional repetitions are introduced for system acquisition time reduction, the number of additional repetitions of NPSS/NSSS, MIB-NB and/or SIB1-NB should be confined to avoid negative impact on spectral efficiency. Alternatively, in order to reduce resource occupation of anchor carrier, the additional repetitions of NPSS/NSSS, MIB-NB and/or SIB1-NB also can be located in a non-anchor carrier. In this case, additional repetitions only can be used after initial cell access. 

If additional repetitions of NPSS are considered to reduce system acquisition time, in order to differentiate original NPSS and additional repetitions of NPSS especially for Rel-13/14 NB-IoT UEs, the additional repetitions of NPSS should be based on new NPSS sequence design. However in this case, for Rel-15 NB-IoT UEs, more than one NPSS sequences need to be detected, which causes more power consumption. 

Based on simulation assumptions provided in Table A.1, the simulation results for SIB1-NB acquisition time are shown in Figure A.1. Note that cross-subframe channel estimation and SIB1-NB accumulations across multiple SIB1-NB transmission periods are used for SIB1-NB acquisition. The summary of simulation results for SIB1-NB acquisition time is shown in Table 1. Compared with 29440 ms SIB1-NB acquisition time provided in [5], the simulation results in Table 1 show that SIB1-NB acquisition time is significantly reduced by utilizing cross-subframe channel estimation and SIB1-NB accumulations across multiple transmission periods and approximately half of the SIB1-NB acquisition time can be reduced by doubling SIB1-NB transmission but at the expense of more system overhead. 
Table 1 The summary of evaluation results for SIB1-NB acquisition time

	Performance Metric
	No additional SIB1-NB transmission
	Double SIB1-NB transmission

	Acquisition time @ 50th percentile
	9440 ms
	  4640 ms

	Acquisition time @ 90th percentile
	13760 ms
	  7200 ms

	System overhead*
	~5 %
	~10 %


* Expressed as used percentage of all REs per radio frame.

Observation 1: The SIB1-NB acquisition time can be significantly reduced by utilizing cross-subframe channel estimation and SIB1-NB accumulations across multiple transmission periods. 
Observation 2: The SIB1-NB acquisition time can further be reduced by introducing additional repetitions but at the expense of more system overhead. 

The total power consumption of a UE is composed of power consumption caused by system information acquisition and power consumption for packet transmission. In order to acquire necessary system information, besides SIB1-NB, multiple SI messages also have to be acquired. In this case, even though acquisition performance of every SI message and SIB1-NB can be improved to some extent depending on implementation and/or additional repetitions, total system information acquisition time would still be very long. For example, assuming that improved acquisition time of every SI message or SIB1-NB is ~7200 ms and 4 SI messages need to be acquired, time of acquiring necessary system information is ~36000 ms, which is much longer than reception time of a single packet. In this case, power consumption caused by system information acquisition may be much larger than one caused by actual packet transmission. In addition, by using early packet transmission in L1/L2 (e.g., via Msg2), power consumption caused by actual packet transmission can be further reduced. Thus battery life of a UE is significantly consumed by system information acquisition, especially for extreme coverage case. Based on the above reasons, in order to reduce power consumption caused by system information acquisition, new mechanism allowing to skip SIB1-NB and SI message reading should be considered as highest priority. 

Observation 3: The battery life of a UE is significantly consumed by system information acquisition, especially for extreme coverage case.
Proposal 1: The mechanism to reduce power consumption caused by system acquisition should be considered. 

· e.g., new mechanism allowing to skip SIB1-NB and SI message reading. 

2.2 New mechanism allowing to skip SIB1-NB and SI message reading

The systemInfoValueTag in MIB-NB can only indicate whether system information has changed. However, it cannot tell the specific changed contents. Since the NB-IoT UEs still need to read SIB1-NB and all SI messages if systemInfoValueTag is updated, reducing the times of reading SIB1-NB and SI messages only by systemInfoValueTag in MIB-NB is not enough. For example, assuming that system parameters may change between two given parameter sets with high possibility. In this case, only based on existing system information acquisition mechanism, the times of acquiring SIB1-NB and SI messages cannot be reduced. In some scenarios, system parameters changing only between very limited parameter sets is possible, e.g., for smart meters, both of number and location of NB-IoT UEs in a cell are generally relatively fixed, thus ensuring sufficient flexibility of system parameter configuration may not be necessary. 

Observation 4: When system parameters only need to be changed between limited system parameter sets, unnecessary system information acquisition operation would be caused. 

In order to further reduce SIB1-NB and SI message reading, pre-configuration of multiple system parameter sets can be considered. As a choice, eNB can pre-configure 3 sets of system parameters (e.g., respectively for small, medium, and large number of NB-IoT UEs), and these 3 sets of system parameters can be different for different cells. Accordingly UEs can pre-store these 3 sets of system parameters when the UE receives them for the first time. Reserved bits in MIB-NB can be used to indicate system parameter set being used. For example, 2 reserved bits in MIB-NB are used. Here, three of 4 states (e.g., “00”, “01” and “10”) are used to indicate one of the 3 pre-stored sets for system parameters being used by eNB, and one remaining state (e.g., “11”) is used to enable fallback operation, i.e., reacquiring system parameters. Assuming that value of 2 reserved bits is equal to “00”. When the 1st set of system parameters was not stored (e.g., during initial access), UE would receive system parameters and store the received system parameters as 1st set of system parameters; otherwise, UE would skip to read system parameters and directly apply the pre-stored 1st set of system parameters. Based on the above mechanism, when one of pre-stored sets is indicated by MIB-NB, the reading of SIB1-BR and SI messages can be skipped after MIB-NB is successfully received. With this mechanism, the acquisition time on reading SIB1-NB and SI messages can be further reduced, thus power consumption and delay for acquiring SIB1-NB and SI messages can be avoided. 

Observation 5:  When reserved bits in MIB-NB can be used to indicate system parameter set being used, the acquisition time on reading SIB1-NB and SI messages can be further reduced. 

Proposal 2: Reserved bits in MIB-NB can be used to indicate the system parameter set being used.

3 Conclusions

In this contribution, we have discussed the system acquisition time reduction for NB-IoT. We make the following observations and proposals: 

Observation 1: The SIB1-NB acquisition time can be significantly reduced by utilizing cross-subframe channel estimation and SIB1-NB accumulations across multiple transmission periods. 
Observation 2: The SIB1-NB acquisition time can further be reduced by introducing additional repetitions but at the expense of more system overhead. 

Observation 3: The battery life of a UE is significantly consumed by system information acquisition, especially for extreme coverage case.
Observation 4: When system parameters only need to be changed between limited system parameter sets, unnecessary system information acquisition operation would be caused. 

Observation 5:  When reserved bits in MIB-NB can be used to indicate system parameter set being used, the acquisition time on reading SIB1-NB and SI messages can be further reduced. 

Proposal 1: The mechanism to reduce power consumption caused by system acquisition should be considered. 

· e.g., new mechanism allowing to skip SIB1-NB and SI message reading. 

Proposal 2: Reserved bits in MIB-NB can be used to indicate the system parameter set being used.
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Appendix

Table A.1 Simulation assumptions for SIB1-NB acquisition time

	Parameter
	Value

	Operation mode
	in-band

	BS TX antenna configuration
	2Tx

	BS power
	35 dBm per TX port

	System BW
	180kHz

	Band
	Band 8 (900 MHz)

	Channel model
	TU

	Doppler spread
	1 Hz

	Frequency error
	±50 Hz

	UE RX antenna configuration
	1 Rx

	UE NF
	9 dB

	Coupling loss
	164 dB

	TBS
	680 bits
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Figure A.1 The comparison of performance for SIB1-NB acquisition time

_1234567890.vsd
80ms


0


1


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


7


8


9


(a) even PCID


80ms


0


1


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


7


8


9
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