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1 Introduction
In RAN#75 a new WI on “even further enhanced MTC for LTE” (efeMTC) [1] was approved. One of the objectives of the WI is to reduce system acquisition time in efeMTC.

	· Reduced system acquisition time [RAN1 lead, RAN2, RAN4]
· Improved cell search and/or system information (including MIB and SIB1-BR) acquisition performance.


In addition, in RAN1#88bis and #89 meetings, the topic was discussed and following agreements were drawn:

	Agreement in RAN1#88bis:
· 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
Agreement in RAN1#89:
· In addition to the technique 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


Moreover, an LS [2] from RAN1 was sent to RAN2 and RAN4 to ask providing feedback on above mentioned techniques.

In this contribution, we will discuss above techniques from RAN2 point of view.
2 Discussion
In RAN4#81 meeting, RAN4 has discussed the acquisition delays associated with the reception of system information for Rel-13 Category M1 UEs. An LS [3] was sent to RAN2 and RAN1 to ask to consider enhancements that can reduce the time to acquire the system information. Table 1 below provides a summary of acquisition delays of system information:
Table 1: Summary of acquisition delays of system information [3]

	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


In response, RAN1 and RAN2 discussed on the possible enhancements [4] [5] as following:
· Cross-subframe channel estimation (RAN1)
· Enhanced SIB-BR accumulations (RAN1)

· Additional repetitions of PBCH symbols (RAN1)
· Advanced MIB decoding techniques (RAN1)
· Accumulation of SIB1-BR during modification period (RAN2)
· SFN indication in handover (RAN1, RAN2)
Finally, the last two solutions were specified by RAN2/RAN1, which still does not meet the requirements from RAN4. Therefore, further enhancements for system acquisition time reduction was included into the new WI and was discussed in RAN1#88bis and #89. We will discuss the techniques that may have impacts on RAN2 in the following sections.
2.1 PSS/SSS enhancements
RAN1 considered two solutions for enhancing PSS/SSS. One is enhanced (e.g. repeated) PSS/SSS based on PSS/SSS or NPSS/NSSS design, the other is use of NPSS/NSSS on an NB-IoT anchor carrier.

For the first solution, more repetitions of PSS/SSS in time/frequency domain are being considered in order to assist the UE to acquire PCI and synchronization in a short time. It is feasible for this to be based on the current PSS/SSS as it is used for the LTE system and it will be easier for evolution. However, if we enhance PSS/SSS based on NPSS/NSSS, it will be complicated for both UE to detect/transmit two kinds of sync signals. Besides, in order to transmit the enhanced PSS/SSS based on NPSS/NSSS, more resources will be necessary, since legacy UEs rely on the existing PSS/SSS and this will anyway be broadcast. 

Observation 1: It is complicated and resource inefficient to introduce more repetitions of PSS/SSS based on NPSS/NSSS.
The other solution is use of NPSS/NSSS on an NB-IoT anchor carrier. The UE can switch to the NB-IoT anchor carrier and acquire the synchronization based on NPSS/NSSS. There is no impact on RAN2 specification and this is could be left to UE implementation. RAN1 are discussing these 2 main options.
Observation 2: RAN1 are considering the following options for enhancing PSS/SSS:
· Option1: Time/frequency domain repetitions based on PSS/SSS; 

· Option2: Using NPSS/NSSS on an NB-IoT anchor carrier.
Proposal1: Wait for RAN1 to conclude on the solution to enhance PSS/SSS:

2.2 PBCH enhancements
For PBCH enhancements, it is difficult for efeMTC UE to use the NPBCH directly, which is different from using NPSS/NSSS. Currently, there is not any MTC related information in NPBCH. In order to use NPBCH, all MTC related information included in PBCH should be introduced into NPBCH. It makes no sense for NB-IoT with this introduction. Besides, there is no benefit for reducing MIB acquisition time as the period of NPBCH (640ms) is much larger than that of PBCH (40ms). 
For the solutions of enhanced PBCH based on NPBCH and PBCH, we have similar analysis as above. Therefore, we propose that:

Proposal2: Time/frequency domain repetitions based on PBCH is used for PBCH enhancements.
The technique of combining across 40-ms PBCH periods is considered by RAN1 for PBCH enhancements. In legacy LTE and Rel-13 MTC, MIB carried by PBCH is not changed during 40 ms and changed once every 40 ms as the SFN is incremented. However, as proposed in [6], advanced receivers enable combination of PBCH across 40 ms periods. This is a solution for UE implementation and it will not affect RAN2 specification.
Observation 3: The technique of combining across 40 ms PBCH periods is for UE implementation and will not impact RAN2 specification.
Another solution for PBCH enhancements is to skip MIB message reading. Similar with the solution, in RAN1#88, RAN1 agreed to introduce a new field in the handover message that signals that the offset between source cell and destination cell is less than 153600Ts and the corresponding LS [7] was sent to RAN2 to ask to specify it. If the source cell indicates the SFN difference is less than 153600Ts, then the UE will consider the SFNs in source cell and destination cell are the same. Thus, the UE will skip MIB message reading from the destination cell. Similarly, when UEs in IDLE move from one cell to another cell, if the first cell indicates the SFN difference between the two cells is less than 153600Ts, then UEs need not to read MIB from the second cell. It seems beneficial to reduce UE acquisition time. 
Proposal3: Further study the mechanism of skip MIB reading for acquisition time reduction.
2.3 SIB1-BR and SI enhancements
Additional repetitions of SIB1-BR/SI is considered as a potential solution in RAN1. Companies proposed the repetitions on frequency domain and time domain, since Rel-14 wider bandwidth is introduced into MTC for PUSCH and PDSCH for high data rate. However, this is an optional feature i.e. some UEs may not support wider bandwidth. Then the benefit for UE power consumption reduction and latency reduction is limited. 
Proposal4: Additional repetitions of SIB1-BR/SI in time domain is preferred and for frequency domain FFS.
The second option for SIB1-BR/SI enhancements is accumulation across SIB1-BR/SI modification periods. It is applicable if the contents of SIB1-BR/SI are not changed across SIB1-BR/SI modification periods. If the contents of SIB1-BR/SI is changed and UEs have not decoded SIB1-BR/SI, UEs shall start all over again. This is similar to combining across 40 ms PBCH periods and will be left to UE implementation.
Proposal5: The techniques of accumulation across SIB1-BR/SI modification periods is left to UE implementation and has no impacts on RAN2 specification.
For the solution of skip SIB1-BR/SI message reading, following options can be considered:

· Option1: SIB1-BR/SI update indication in MIB/SIB1-BR
· Option2: SIB1-BR/SI update indication in another channel

· Option3: SIB1-BR/SI delta configuration of neighbour cells
For Option1, we assume a UE moves from Cell1 to Cell2. If the SIB1-BR content of Cell1 and Cell2 is the same, the UE can skip SIB1-BR reading in Cell2. If SIB1-BR in Cell2 is different from that in Cell1, an indication can be included in MIB of Cell1 to indicate the UE to read SIB1-BR in Cell2. Alternatively, if MIB skip is not used, MIB of Cell2 can carry the indication. When the UE receives the indication, the UE should read SIB1-BR in Cell2. It is also applicable for the SI skip. It is similar with Option2. For Option3, SIB1-BR/SI of Cell1 can carry the difference of SIB1-BRs/SIs between Cell1 and Cell2. When the UE move to Cell2, the UE does not need to read SIB1-BR/SI as the UE can acquire the difference from Cell1. The problem is introducing more content into SIB1-BR/SI will increase the size of SIB1-BR/SI, which will approach the limit of 1000 bits.
Proposal6: Skip SIB1-BR/SI reading is supported for reducing system information acquisition time.

3 Conclusion and Proposals
In this contribution, we discuss reduction of system acquisition time for MTC, and we observe and propose that:
Observation 1: It is complicated and resource inefficient to introduce more repetitions of PSS/SSS based on NPSS/NSSS.

Observation 2: RAN1 are considering the following options for enhancing PSS/SSS:
· Option1: Time/frequency domain repetitions based on PSS/SSS; 

· Option2: Using NPSS/NSSS on an NB-IoT anchor carrier.
Proposal1: Wait for RAN1 to conclude on options to enhance PSS/SSS:

· Option1: Time/frequency domain repetitions based on PSS/SSS; 

· Option2: using NPSS/NSSS on NB-IoT anchor carrier.
Proposal2: Time/frequency domain repetitions based on PBCH is considered for PBCH enhancements.
Observation 3: The technique of combining across 40 ms PBCH periods is for UE implementation and will not impact RAN2 specification.

Proposal3: Further study the mechanism of skip MIB reading for acquisition time reduction.

Proposal4: Additional repetitions of SIB1-BR/SI in time domain is preferred and for frequency domain FFS.

Proposal5: The techniques of accumulation across SIB1-BR/SI modification periods is left to UE implementation and has no impacts on RAN2 specification.

Proposal6: Skip SIB1-BR/SI reading is supported for reducing system information acquisition time.

In responding to RAN1’s LS, the above observations and proposals should be included into the reply LS.
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