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1 Introduction
In RAN #75 meeting, new WID RP-170732 on Even further enhanced MTC for LTE was agreed as working agreement [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

· Support early data transmission [RAN2 lead, RAN1, RAN3]
· Evaluate power consumption/latency gain and specify necessary support for DL/UL data transmission on a dedicated resource during the Random Access procedure (after PRACH transmission and before the RRC connection setup is completed) at least in the RRC Suspend/Resume case.

In this contribution, we discuss the support of reducing system acquisition time for MTC.
2 Target requirement of system acquisition time
In order to achieve short call setup time especially for CE Mode B, it is critical to keep the system acquisition time as short as possible. In RAN4, the acquisition delays associated with the reception of system information for Rel-13 Category M1 UEs have been discussed. In LS from RAN4 [2], the acquisition delays of system information were provided, as shown in Table 1. From the results, it is observed that the UE is required to acquire the MIB of the target cell during handover procedures, which increases handover delay significantly for UE Cat-M1 in CE Mode B. Thus RAN4 asks RAN1 and RAN2 to consider enhancements that can reduce the time to acquire the system information. 
Table1 Summary of acquisition delays of system information

	Parameter
	Cat 0
	Cat M1 CE Mode A
	Cat M1 CE Mode B

	T_MIB
	50
	120
	2560

	T_SIB1-BR
	
	160
	2560

	T_SI for cell re-selection
	1280
	1280
	6400

	T_SI for CGI
	1280
	1280
	5120

	T_SI for RRC re-establishment
	1280
	1280
	6400

	NOTE 1:  The parameters T_MIB and T_SI are defined in TS 36.133

NOTE 2:  T_SI for CGI includes time to acquire MIB and SIB1-BR


Before discussing solutions for reducing system acquisition time, target requirement of system acquisition time should be confirmed as high priority. As a choice, by considering all the RRM procedures (e.g., handover, cell re-selection, and RRC re-establishment) during which system information needs to be acquired, both of RAN2 and RAN4 should provide and confirm target requirement of improved acquisition performance/time for PSS/SSS, MIB and SIB1-BR. Based on the above requirement, solutions related to implementation and/or standardization can be selected. 

Proposal 1: Before discussing solutions for reducing system acquisition time, target requirement of improved acquisition performance at least for PSS/SSS, MIB and SIB1-BR should be confirmed by RAN2 and RAN4.

3 Solutions for reduced system acquisition time
In order to reduce system acquisition time, the following two categories of solutions can be considered: 
· Cat-1: Solutions with specification impact

· Cat-2: Solutions related to receiver implementation
For Cat-1 solutions, the following options can be further considered: 
· Option-1: Pre-configuration of multiple parameter sets of system information. Considering that both of number and location of BL/CE UEs are generally relatively fixed, and system information related parameters need not to be changed frequently in a certain scenario (e.g., smart meters), ensuring sufficient flexibility of system configuration may not be necessary. As an example, 3 parameter sets of system information (e.g., respectively for small, medium, and large number of BL/CE UEs) can be pre-configured, and 2 reserved bits in MIB can be used. In this case, three of 4 states can be used to indicate the parameter set being used, and one remaining state can be used to enable fallback operation. When one of pre-configured sets is indicated by MIB, it is not necessary to receive SIB1-BR and other SIBs after MIB is successfully received. By utilizing Option-1, system acquisition time can be reduced, and power consumption for receiving SIB1-BR and other SIBs is avoided. 
· Option-2: Introduction of additional repetitions. Introduction of additional repetitions can be applied to PSS/SSS, MIB and SIB1-BR, and beneficial for improving performance of PSS/SSS, MIB and SIB1-BR, thus system acquisition time can be further reduced. In Rel-13 eMTC, subframe#0 and subframe#9 are used for PBCH (i.e., MIB) repetitions. In this case, additional repetitions of PSS/SSS or MIB only can be located in subframe#4 and subframe#5, as shown in Figure 1. When additional repetitions of PSS are supported, in order to differentiate original PSS and additional repetitions of PSS especially for Rel-13/14 BL/CE UEs, the new PSS sequence design for additional repetitions of PSS also should be considered. But in this case, for Rel-15 BL/CE UEs, more PSS sequences need to be detected, which causes more power consumption. 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, depending on the parity of PCID, additional repetitions of SIB1-BR only can be located in subframe#0 and subframe#5, or subframe#4 and subframe#5, as shown in Figure 2(a) and Figure 2(b). In addition, in order to avoid excessive additional repetitions of PSS/SSS, MIB and/or SIB1-BR with negative impact on spectral efficiency, when additional repetitions of PSS/SSS, MIB and/or SIB1-BR are supported, the number of additional repetitions of PSS/SSS, MIB and/or SIB1-BR should be confined to no more than 2. 
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Figure 1 Available subframes for additional repetitions of PSS/SSS and MIB
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Figure 2 Available subframes for additional repetitions of SIB1-BR
Observation 1: The pre-configuration of multiple parameter sets of system information is beneficial for reducing system acquisition time and power consumption, because the acquisition of SIB1-BR and other SIBs can be avoided.
Observation 2: Introduction of additional repetitions is beneficial for improving performance of PSS/SSS, MIB and SIB1-BR, thus system acquisition time can be reduced.
For Cat-2 solutions, the possible options have been provided in [3] e.g., cross-subframe channel estimation, enhanced SIB1-BR accumulations, and advanced MIB decoding techniques. Here, cross-subframe channel estimation can be used to improve demodulation performance in low SNR region. However, only subframe #0, #4 #5 and #9 can be used for cross-subframe channel estimation before acquiring valid subframe configuration information carried in SIB1-BR. Enhanced SIB1-BR accumulations spanning much longer than 80ms may be feasible if the SIB1-BR scheduling information in the MIB can be assumed to be fairly static. The combination across multiple 40ms windows may be achieved depending on advanced MIB decoding techniques. In addition, other options also can be considered, e.g., power spectral density boosting, parallel detection of MIB and SIB1-BR, relaxation of link performance and so on. The performance gain acquired by Cat-2 solutions should be evaluated and confirmed by RAN4. Possible Cat-2 solutions can be used only when the solution does not cause large power consumption.
Proposal 2: The performance gain of solutions related to receiver implementation should be confirmed.
· Power consumption caused by receiver implementation should be considered.
Proposal 3: In order to avoid power consumption for receiving SIB1-BR and other SIBs, the pre-configuration of multiple parameter sets of system information should be considered.
4 Conclusions
In this contribution, we have discussed the system acquisition time reduction for MTC. We make the following observations and proposals:
Observation 1: The pre-configuration of multiple parameter sets of system information is beneficial for reducing system acquisition time and power consumption, because the acquisition of SIB1-BR and other SIBs can be avoided.
Observation 2: Introduction of additional repetitions is beneficial for improving performance of PSS/SSS, MIB and SIB1-BR, thus system acquisition time can be reduced.

Proposal 1: Before discussing solutions for reducing system acquisition time, target requirement of improved acquisition performance at least for PSS/SSS, MIB and SIB1-BR should be confirmed by RAN2 and RAN4.

Proposal 2: The performance gain of solutions related to receiver implementation should be confirmed.

· Power consumption caused by receiver implementation should be considered.
Proposal 3: In order to avoid power consumption for receiving SIB1-BR and other SIBs, the pre-configuration of multiple parameter sets of system information should be considered.
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