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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 the reduction in 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#91-bis meeting the following agreements were arrived at: 

Agreement
SIB1-NB transmissions in non-anchor carrier are not further considered in Rel-15 for NB-IoT FDD.
Agreement
· Update the agreement from the RAN1#90bis meeting as follows

· When additional SIB1-NBs are transmitted, the subframe(s) carrying additional SIB1-NB(s) can be declared as invalid downlink subframe by downlinkBitmap

· Rel.15 UEs interpret invalid downlink subframes whose indices are corresponding to additional SIB1-NBs transmissions but not carrying additional SIB1-NB as valid downlink subframes only when the UE attempts to decode DCI format N0/N1 scrambled by C-RNTI in UE-specific search space or receive NPDSCH scheduled by DCI format N1 scrambled by C-RNTI in UE-specific search space.
Agreement
· For the repetition number 4 and 8, the total number of subframes for additional SIB1-NB transmission will be downselected between the following alternatives

· (Alt.1) no additional SIB1-NB transmission

· (Alt.2) half as many as that of the legacy SIB1-NB transmissions

· (Alt.3) the same as that of the legacy SIB1-NB transmissions

Agreement
· For the repetition number 16, the total number of subframes for additional SIB1-NB transmission will be downselected between the following alternatives

· (Alt.1) the same as that of the legacy SIB1-NB transmissions

· (Alt.2) depends on code rate (e.g., TBS, #CRS/NRS ports, operation mode) of SIB1-NB

· When the code rate of SIB1-NB is equal to or larger than X, additional SIB1-NB subframes are transmitted on every other subframe #3

· Otherwise, additional SIB1-NB subframes are transmitted on every 4th subframe #3

· If the total number of subframes for additional SIB1-NB transmission is less than that of the legacy SIB1-NB transmissions, the starting radio frame index of additional SIB1-NB transmission depends on Cell ID and the number of SIB1-NB repetition scheduled by MIB-NB

Note that this is not relevant to the case of 4 and 8 repetitions and this does not imply any selection among Alt. 1, 2, 3 in the above agreement

Agreement
· The sequence of coded bits-to-subframe allocation of additional SIB1-NB transmission will be downselected between the following alternatives

· (Alt.1) The additional SIB1-NB uses the same coded bits-to-subframes mapping as the legacy SIB1-NB

· (Alt.2) reuse coded bits generated for existing SIB1-NB transmission while coded bits-to-subframe allocation is circularly shifted as much as 8 radio frames compared to the existing SIB1-NB transmission

· (Alt.3) 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 

Agreement
· Scrambling sequence will be generated and applied to subframes for additional SIB1-NB following one of the alternatives below

· (Alt.1) The additional SIB1-NB reuses the bit-level scrambling mechanism of legacy SIB1-NB, and uses the same symbol-level scrambling mechanism as NPBCH by replacing the initialization equation with [image: image1.png]Cinie = Nenrr - 210 + (NP + 1) ((npmod 59) + 1)



 QUOTE ,c-init.=,n-RNTI.∙,2-15.+(,N-ID-Ncell.+1)(,,n-f.mod 59.+1) 
· (Alt.2) The scrambling sequence generator for additional SIB1-NB transmission is initialized with [image: image2.png]Cinit = (Mgyr—1) - 215 + (N + 1) ((nsmod 61) + 1)
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· (Alt.3) The scrambling sequence used for the new SIB1-NB subframe is generated based on advancing the Gold sequence generators used for generating the scrambling sequence for SIB1-NB in subframe #4 in the same frame by 2560 shifts

· (Alt.4) Keep the same scrambling sequence as the legacy one if the additional SIB1-NB does not use the same coded bits-to-subframes mapping as the legacy SIB1-NB 

In this contribution, we consider the FFS items from the last meeting relating to reduced system acquisition time, and express our preferences.

2 Reducing system acquisition time
Per RAN1#90-bis agreements, it was agreed that on the anchor carrier additional repetitions of SIB1-NB could be transmitted with a periodicity of 20ms in subframe #3 in the same radio frame as the legacy transmission.
The first FFS issue we would like to discuss is copied below.

· For the repetition number 4 and 8, the total number of subframes for additional SIB1-NB transmission will be downselected between the following alternatives

· (Alt.1) no additional SIB1-NB transmission

· (Alt.2) half as many as that of the legacy SIB1-NB transmissions

· (Alt.3) the same as that of the legacy SIB1-NB transmissions

In our view, additional repetitions of SIB1-NB should only be available when the repetition number of SIB1-NB is configured to the current maximum of 16 in the MIB-NB, because:
· It is preferable to use existing known SIB1-NB repetition configurations, than to use this additional repetitions, that may or may not be available subject to the MBSFN configuration. 
· Limiting the use of these extra repetitions, limits the amount of blind decoding the UE needs to perform to determine if there are additional SIB1-NB repetitions in SF#3 available.
· Additional repetitions are available for legacy devices to exploit.

Proposal 1: 
Only support additional transmissions of SIB1-NB when the number of repetitions indicated in the MIB-NB for SIB1-NB, is set to 16, i.e. Alternative 1.
Another FFS issue from the last meeting, is:
· For the repetition number 16, the total number of subframes for additional SIB1-NB transmission will be downselected between the following alternatives

· (Alt.1) the same as that of the legacy SIB1-NB transmissions

· (Alt.2) depends on code rate (e.g., TBS, #CRS/NRS ports, operation mode) of SIB1-NB

· When the code rate of SIB1-NB is equal to or larger than X, additional SIB1-NB subframes are transmitted on every other subframe #3

· Otherwise, additional SIB1-NB subframes are transmitted on every 4th subframe #3

· If the total number of subframes for additional SIB1-NB transmission is less than that of the legacy SIB1-NB transmissions, the starting radio frame index of additional SIB1-NB transmission depends on Cell ID and the number of SIB1-NB repetition scheduled by MIB-NB

Note that this is not relevant to the case of 4 and 8 repetitions and this does not imply any selection among Alt. 1, 2, 3 in the above agreement
Since the coding rate for the SIB1-NB TBS decreases with larger TBS sizes, it makes sense to configure more repetitions for the larger SIB1-NB TBS sizes. For this reason, we prefer Alternative 2.
Proposal 2: 
For the repetition number 16, the total number of subframes for additional SIB1-NB transmissions is dependent on the code rate of SIB1-NB, i.e. Alternative 2.
The next FFSs regarding the addition SIB1-NB transmission bit level coding and scrambling, should in our opinion be discussed together:
· The sequence of coded bits-to-subframe allocation of additional SIB1-NB transmission will be downselected between the following alternatives

· (Alt.1) The additional SIB1-NB uses the same coded bits-to-subframes mapping as the legacy SIB1-NB

· (Alt.2) reuse coded bits generated for existing SIB1-NB transmission while coded bits-to-subframe allocation is circularly shifted as much as 8 radio frames compared to the existing SIB1-NB transmission

· (Alt.3) 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 final FFS we would like to discuss here, is below:

· Scrambling sequence will be generated and applied to subframes for additional SIB1-NB following one of the alternatives below

· (Alt.1) The additional SIB1-NB reuses the bit-level scrambling mechanism of legacy SIB1-NB, and uses the same symbol-level scrambling mechanism as NPBCH by replacing the initialization equation with [image: image3.png]Cinie = Nenrr - 210 + (NP + 1) ((npmod 59) + 1)
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· (Alt.2) The scrambling sequence generator for additional SIB1-NB transmission is initialized with [image: image4.png]Cinit = (Mgyr—1) - 215 + (N + 1) ((nsmod 61) + 1)
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· (Alt.3) The scrambling sequence used for the new SIB1-NB subframe is generated based on advancing the Gold sequence generators used for generating the scrambling sequence for SIB1-NB in subframe #4 in the same frame by 2560 shifts

· (Alt.4) Keep the same scrambling sequence as the legacy one if the additional SIB1-NB does not use the same coded bits-to-subframes mapping as the legacy SIB1-NB 

From the last meeting, there appear to be 2 coding and scrambling strategies being promoted to improve the decoding performance of the SIB1-NB with these extra transmissions.  
Strategy 1:   
Support some level of combining of the information from subframes #3 and #4          [4]
Strategy 2:
Improve channel coding gain by varying the bit level coding of the additional subframes.  [2], [3]
The main arguments put forward for supporting strategy 2, included:

· Improved Intercell interference suppression is improved 

· Improved Robustness against localised fading and/or bursty interference

If the simulation results in [2] are correct then the strategy that is most likely to improve both decoding performance and latency, will be based on Strategy 2, where the coding of SIB1-NB bits is varied in subframe #3.  If at the bit level the coded bits of SIB1-NB in subframe 3 is different from subframe 4, either Alternatives 2 or 3 are selected, then reapplying the same scrambling sequence should still yield a coded subframe #3 that is very different to subframe #4 and which should help suppress intercell interference. 

Hence the following tentative proposals, subject to more thorough analysis being performed:
Proposal 3: 
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, i.e. Alternative 3.

Proposal 4:
The same scrambling sequence as the legacy one is kept, provided the additional SIB1-NB does not use the same coded bits-to-subframes mapping as the legacy SIB1-NB, i.e. Alternative 4.
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: 
Only support additional transmissions of SIB1-NB when the number of repetitions indicated in the MIB-NB for SIB1-NB, is set to 16, i.e. Alternative 1.
Proposal 2: 
For the repetition number 16, the total number of subframes for additional SIB1-NB transmissions is dependent on the code rate of SIB1-NB, i.e. Alternative 2.
Proposal 3: 
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, i.e. Alternative 3.

Proposal 4:
The same scrambling sequence as the legacy one is kept, provided the additional SIB1-NB does not use the same coded bits-to-subframes mapping as the legacy SIB1-NB, i.e. Alternative 4.
4 References

[1] RP-170582

New WID on Further NB-IoT enhancements





Huawei, HiSilicon, Neul
[2] R1-1719882

MIB-NB skipping and System information acquisition latency enhancement  
LG
[3] R1-1719360

System information acquisition time reduction for NB-IoT

Ericsson
[4] R1-1719484

Reduction of NB-IoT System Information acquisition time

Huawei
