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Discussion and Decision
1 Introduction

One of the objectives of the new Release 15 WI on Further NB-IoT enhancements [1], is to reduce the system acquisition time:

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
At the last RAN1#92 meeting the following agreements were arrived at: 
Agreement
· For additional SIB1-NB

· For the repetition number 4 and 8, the following alternative is downselected for the total number of subframes for additional SIB1-NB transmission

· no additional SIB1-NB transmission

· For the repetition number 16, the following alternative is downselected for the total number of subframes for additional SIB1-NB transmission

· the same as that of the legacy SIB1-NB transmissions

· The following alternative is downselected for the sequence of coded bits-to-subframe allocation of additional SIB1-NB transmission

· the coded bits that are mapped to subframe #3 used for additional SIB1-NB transmissions are generated by continuing reading from the virtual circular buffer

· The following alternative is downselected for the scrambling sequence applied to subframes for additional SIB1-NB

· Keep the same scrambling sequence as the legacy one

· For NPBCH

· Do not introduce new NPBCH repetitions

· For PBCH

· Do not introduce new PBCH repetitions

· For MIB skipping

· Send an LS – Changhwan (LGE) (R1-1803149, which is approved by adding eMTC in the title and adding the WI item for eMTC (LTE_eMTC4-Core), final LS in R1-1803519) to RAN2 to recommend the study of skipping MIB decoding mechanisms

· “From RAN1 point of view, SI acquisition latency reduction after SI modification indication is expected if the UE can skip MIB-NB decoding, e.g., by using Direct indication information field in the DCI format N2 scrambled by P-RNTI.”

· “RAN1 assumes SI update indication in DCI format 6-2 is up to RAN2.”
In this contribution, we make proposals regarding the practicalities of supporting additional repetitions on SIB1-NB.

2 Reducing system acquisition time
Per the agreements made at RAN1#92, it is now possible to transmit 16 additional repetitions of SIB1-NB in subframe 3.  In this section we make proposals to clarify:
· Which subframe 3 should be used to transmit these additional SIB1-NB transmissions.

· How these additional SIB1-NB transmissions should be signaled.

· How to inform existing devices to avoid collisions between these additional SIB1-NB transmissions and other traffic.
SIB1-NB is transmitted over the NPDSCH. 

It has a period of 256 radio frames and is currently repeated 4, 8 or 16 times within this 256 radio frame period.
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Example: SIB1-NB is Repeated 4 times




The radio frame on which the SIB1-NB starts is determined by the number of repetitions and the NCellID. 
A single SIB1-NB transmission is carried in 8 subframes that are mapped to subframe 4 in every other frame in 16 continuous frames which are repeated NRep times (NRep = 4, 8 or 16, see TS 36.213). 
As the other transmission parameters are also fixed, there is no associated indication in the control channel. SIB1-NB content may only be changed on each modification period, which has a length of 4096 radio frames, i.e. 40.96 seconds.
Additional SIB1-NB transmissions must be sent on SF3 as per agreements, but what is not clear, is which radio frame should be used for these additional SF3 SIB1-NB transmissions.  2 obvious options are:
Option A:
 The same radio frames as currently used for the SF4 transmissions of SIB1-NB.

Option B:    The adjacent radio frames between the radio frames used for current SIB1-NB transmissions.

Given SIB1-NB already benefits from significant time-diversity, we prefer option A, because it enables the option to apply coherent combining.
Proposal 1:    Additional repetitions of SIB1-NB are sent in the same radio frames as used for existing SIB1-NB transmissions. 

The MIB-NB indicates the transport block size (208, 328, 440 and 680 bits) and the number of repetitions (4, 8 or 16 repetitions) via the schedulingInfoSIB1 index.   This index indicates the number of repetitions and TBS sizes used for SIB1-NB, as indicated by the tables 1 and 2 below from TS36.213.   
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Table 1:  
Number of repetitions for NPDSCH carrying SystemInformationBlockType1-NB 
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Table 2:  Transport block size (TBS) table for NPDSCH carrying SystemInformationBlockType1-NB
As can be seen from the tables, there are currently reserved values available to indicate the new TBS/repetitions of SIB1-NB.  However, using these reserved values will not be backwards compatible. To maintain backwards compatibility and enable all capable devices to quickly decode SIB1-NB, including those that are reading SI from the cell for the first time, it is proposed that a single spare bit in the MIB-NB is used to indicate the presence of the additional SIB1-NB repetitions.  
 

Proposal 2:    A MIB-NB spare bit is used to indicate when additional repetitions of SIB1-NB are available.
Existing RRC signaling can be used to indicate valid DL subframes.  It is proposed that when additional repetitions of  SIB1-NB are transmitted using SF3, that they can be signaled as invalid DL subframes using current RRC signaling to existing UEs. Using the valid SF bitmap for legacy UEs in this way, will make scheduling other transmissions around these additional SF3 SIB1-NB repetitions easier and more efficient for networks.
Proposal 3:   Additional SIB1-NB SF3 transmissions are signaled to legacy NB-IOT devices using the RRC signaled invalid SF bitmap.
3 Conclusions

In this contribution, we considered the FFS items from the last meeting relating to reduced system acquisition time, and generated the following proposals:
Proposal 1:    Additional repetitions of SIB1-NB are sent in the same radio frames as used for existing SIB1-NB transmissions. 
Proposal 2:    A MIB-NB spare bit is used to indicate when additional repetitions of SIB1-NB are available.
Proposal 3:    Additional SIB1-NB SF3 transmissions are signaled to legacy NB-IOT devices using the RRC signaled invalid SF bitmap.
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