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1. Introduction

For NB-IoT, RAN4 has defined core requirements for RRC re-establishment and the corresponding test cases [1]. However, TSI, one of the components for RRC re-establishment delay, has not been determined yet. Even though we don’t need to specify it in core requirement, it would be reflected in some RRM test cases, e.g. RRC re-establishment and cell reselection tests. 
In this contribution, we provide our analysis on the time period of TSI.
2. Discussion
The definition of TSI can be found in TS36.133 section 6.5.2.1:

	
TSI_NB-IoT: It is the time required for receiving all the relevant system information according to the reception procedure and the RRC procedure delay of system information blocks defined in TS 36.331 [2] for the target cell.


Note that the definition of the UE re-establishment delay (TUE_re-establish_delay_NB-IoT) is the time between the moments when any of the conditions requiring RRC re-establishment as defined in clause 5.3.7 in TS 36.331 [2] is detected by the UE to the time when the UE sends PRACH preamble to the target cell. Therefore, the relevant system information mentioned in the definition of TSI_NB-IoT should at least contains the NPRACH configuration. After receiving the NPRACH configuration information, UE can perform random access to target cell. 

From TS 36.331 section 6.7.3 one can see that the random access configuration is included in IE rach-ConfigCommon, which is contained in RadioResourceConfigCommonSIB and broadcasted by SIB2 for NB-IoT. Therefore, after successfully receiving SIB2, UE is able to perform random access to the cell.
Observation 1: after successfully receiving SIB2, UE is able to perform random access to the cell.
Thus TSI_NB-IoT shall contain the time for acquisition of NPBCH, SIB1 and SIB2, say TNPBCH, TSIB1 and TSIB2 respectively. 

Proposal 1: TSI_NB-IoT =TNPBCH + TSIB1 + TSIB2.

In the rest of this section, we discuss the each component of TSI_NB-IoT.

1) TNPBCH
TNPBCH is the time for successfully acquisition of NPBCH. According to RAN1 design in TS36.211 [3] section 10.2.4, a completed NPBCH transmission period is 640ms. During 640ms, the NPBCH is mapped to 8 different block and each block is repeated 8 times. Although each block can be decoded independently and some strong UE may finish NPBCH decoding before full reception of the all 8 blocks under good SINR condition, it rational to allow some cheaper implementation UE to successfully decode the NPBCH with full reception of 8 blocks. Furthermore, even for the robust UE we don’t think it can always use some fraction of NPBCH to finish decoding, especially under extreme coverage. Therefore we can have following proposal.
Proposal 2: the time for NPBCH acquisition should not be shorter than the NPBCH period, i.e. 640ms.
In last RAN4 #80 meeting, some companies show concern on the NPBCH reception under enhanced coverage. Considering extreme low SINR under enhanced coverage, UE might fail the NPBCH decoding even if it has received all the NPBCH block. Thus UE may need to try on the next period. In order to address this problem, demodulation on NPBCH is needed. It can be observed that in RRM this requirement is tested only in AWGN channel according to [1] (in both cell reselection and RRC re-establishment tests). Hence we only need to focus on NPBCH demodulation under AWGN channel.

Observation 1: TSI related RRM requirements are tested only under AWGN channel.

Actually, in previous RAN4 meetings some companies have already provided the simulation result for NPBCH demodulation under AWGN channel, which are informatively duplicated here:
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Note that the simulation is based on a full period 640ms of NPBCH. It can be observed that under AWGN channel, the 1% NPBCH BLER corresponds to around -19dB for 640ms demodulation. Meanwhile, in last RAN4 #80 meeting that the SNR level for RRM test under enhanced coverage was agreed as -12dB according to [4]. Therefore 1 try of NBPCH reception should be OK for RRM tests. 
Proposal 3: one try of NPBCH reception should be OK for RRM test.

2) TSIB1
The transmission of SIB1 for NB-IoT is designed as follow:
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Figure 1 SIB1 transmission

Considering 1 try of NPBCH is OK, we think SIB1 can also be successfully decoded within one SIB1 period under AWGN channel, which is 2560ms, since it can be repeated several times within one SIB1 period. The repetition number can be one of {4, 8, 16}.
Proposal 4: 2560ms is proposed for TSIB1.
3) TSIB2
According to RAN1 design, the transmission time for SIB2 actually depends on network scheduling. The corresponding SI scheduling information is provided in SIB1. One transport block of an SI message is transmitted over 2 or 8 consecutive valid DL subframes. 
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Figure 2 SIBx transmission
For a SI-window, a certain SIBx can be transmitted one time. Note that within the SI periodicity a certain SIBx can be transmitted several times, e.g. SIB2 can be transmitted in several SI-window. However, it can appear at any SI-window. Thus it cannot be assumed the UE can receive SIB2 at the first SI-window, even SIB2 is typically transmitted in first few SI-window. According to [2], it can be found that both SI-window and SI periodicity are indicated in SIB1:

si-Periodicity-r13



ENUMERATED {rf64, rf128, rf256, rf512,












rf1024, rf2048, rf4096, spare},


si-WindowLength-r13




ENUMERATED {ms160,  ms320,  ms480,
ms640, 














ms960,
ms1280, ms1600, spare1},

Similar with SIB1, we think SIB2 can be decoded successfully within one SI periodicity. Hence from RRM test point of view, there are two options to determine the TSIB2 delay.

· Opt1: adopt the longest periodicity according to TS36.331, i.e. 4096 radio frame.
· Opt2: specify the SI-periodicity-r13 in the associated RRM test cases and use the corresponding value for TSIB2.

Since 4096 radio frame is quite a long time (40960ms) in opt1, we prefer opt2. To reduce the testing time, the minimum 64 radio frame is proposed in associated RRM test.
Proposal 5: RAN4 is to introduce the SI periodicity configuration for the TSI-NB-IOT associated test cases, from which TSIB2 can be derived, a tentative value rf64 for si-Periodicity-r13 is proposed.
Additionally, some implementation margin △ is also needed. The reason is that after successfully synchronizing to target cell UE may has already missed some part of NPBCH from the cell, then UE needs to wait for the next completed NPBCH period. Same story for SIB1 and SIB2 acquisition. For example, if the rf64 for si-Periodicity-r13 is selected, then TSI_NB-IoT could be:
TSI_NB-IoT =TNPBCH + TSIB1 + TSIB2 + △ = 640ms + 2560ms + 640ms + △ = 3840ms + △
A tentative 1.2 seconds △ is proposed. Therefore the total TSI_NB-IoT could be 5 seconds.

Proposal 6: 5 seconds TSI_NB-IoT is proposed in the associated RRM tests if rf64 for si-Periodicity-r13 is selected.
3. Conclusions

In this contribution, we provide our analysis on TSI_NB-IoT. After discussion the following conclusions are provided:
Proposal 1: TSI_NB-IoT =TNPBCH + TSIB1 + TSIB2.

Proposal 2: the time for NPBCH acquisition should not be shorter than the NPBCH period, i.e. 640ms.

Observation 1: TSI related RRM requirements are tested only under AWGN channel.

Proposal 3: one try of NPBCH reception should be OK for RRM test.

Proposal 4: 2560ms is proposed for TSIB1.
Proposal 5: RAN4 is to introduce the SI periodicity configuration for the TSI-NB-IOT associated test cases, from which TSIB2 can be derived, a tentative value rf64 for si-Periodicity-r13 is proposed.
Proposal 6: 5 seconds TSI_NB-IoT is proposed in the associated RRM tests if rf64 for si-Periodicity-r13 is selected.
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