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1. Introduction
In RAN#75 [1], a new Rel-15 work item has been approved to improved cell search and/or system information (at least MIB-NB) acquisition performance for all operation modes based on the observation results from RAN4 that cell detection and system information acquisition delays for Rel-13 Category NB1 UEs are substantial to achieve an extended coverage requirement.
As for system information acquisition latency enhancement, two different solutions have been discussed for different scenarios and use-cases as follows:
1) New mechanism allowing UE to skip SIB1-NB and/or SI messages and/or MIB-NB reading
2) Performance improvement based on additional SIB1-NB transmission
In this contribution, we provide our views on the skipping mechanism for MIB-NB decoding attempt and system information acquisition latency enhancement.
2. Discussion
According to observation results from RAN4 [4], MIB-NB and SIB1-NB decoding latencies for Cat.NB1 UE in enhanced coverage are as much as 6.25% and 72% of SIB1-NB modification periodicity, respectively. Therefore, UE may have to re-obtain the MIB-NB repeatedly until SIB1-NB is correctly decoded, and this may end up limiting Cat.NB1 UE’s battery life. And it is more than just a problem in the initial cell search stage because UE is supposed to read MIB-NB to obtain SIB1-NB scheduling information when it is informed that system information has changed. In order to overcome frequent MIB-NB decoding attempts, a mechanism to skip MIB-NB reading can be introduced and SIB1-NB acquisition performance needs to be improved.
2.1. Skipping MIB-NB reading
The bullet highlighted in blue was made in the early RAN1 meeting of Rel.15 to reduce power consumption due to unnecessary attempts to decode MIB-NB when UE is informed of changes in system information by paging DCI [2].
	Agreements: (from RAN1#88bis)
· For reduced system acquisition time for NB-IoT, at least the following candidates can be considered
· Enhancement(s) to MIB-NB
· SIB1-NB accumulation across multiple SIB1-NB TTIs (with or without specification impact)
· Additional SIB1-NB is transmitted on other subframes in addition to the existing SIB1-NB transmission
· FFS on other SIBx-NB
· New mechanism allowing to skip SIB1-NB and/or SI messages and/or MIB-NB reading
· Details of all solutions are FFS
· Solutions need to be backwards compatible and take care of impacts to Rel-13/Rel-14 networks


When UE is informed by NPDCCH of DCI format N2 scrambled by P-RNTI which indicates that system information has modified, UE is supposed to read MIB-NB first to obtain SIB1-NB scheduling information and to see if camped-on-cell has turned into access-barring-cell. In both cases, UE will attempt to decode SIB1-NB which is time and power consuming process. And the time and power consumptions are more serious when MIB-NB decoding latency is taken into account together with SIB1-NB decoding latency. Therefore, a mechanism of skipping MIB-NB reading needs to be introduced.
The simplest way for UE to skip MIB-NB reading in this case is to inform UE about changes in system information together with SIB1-NB scheduling information through paging DCI. There are reserved 6 bits in NPDCCH of DCI format N2 when it is scrambled by P-RNTI and Flag field is set to ‘0’. Besides, there are unused 6 bits in the message of Direct Indication Information as shown in Table.1. By taking advantage of these unused bits, SIB1-NB scheduling information can be provided together when UE receives paging DCI on NPDCCH so that UE can skip MIB-NB decoding and directly attempt to decode SIB1-NB. As an example, a necessary information can be addressed by 4 bits since 12 states are required for SIB1-NB scheduling information and 4 other states can be used for other purposes. For example, an unused state can be used by eNB to direct that UE should read MIB-NB as a so-called “Fallback operation”, which may be also useful to prevent Rel-15 UE’s misinterpretation of Rel-14 eNB’s signaling. On top of that, taking into account the fact that the presence of additional SIB1-NB can be indicated by one bit in MIB-NB, the presence information needs to be included in Direct Indication Information as well not only for SIB1-NB acquisition enhancement but also for Rel.15 UE’s a right interpretation of invalid subframes. For example, UE may not be able to know if the subframes of #3 can be taken as valid ones when they are indicated as invalid subframes, because Rel.15 UEs will reinterpret the invalid subframes of #3 not carrying additional SIB1-NB as valid ones when eNB declares additional SIB1-NB will be transmitted. Similarly, if the ab-Enabled in MIB-NB is put together with them in DCI format N2, the UE does not need to acquire MIB-NB but shall behave as if the corresponding field is set in the MIB-NB message when it initiates the RRC Connection Establishment or Resume procedure. In short, a UE in idle can save power consumption by skipping MIB-NB decoding attempt when system information change is informed by Direct Indication Information together with access-class barring and SIB1-NB scheduling information.
Proposal 1: Use 6 unused bits of Direct Indication Information.
- 1st bit : ab-Enabled
- 2nd ~ 5th bits : 12 states of schedulingInfoSIB1 and one state for Fallback
- 6th bit : the presence of additional SIB1-NB

Table.1 The current DCI format N2 when CRC is scrambled by P-RNTI and Flag field is set to ‘0’
[image: ]

Table.2 DCI format N2 for MIB-NB skipping when CRC is scrambled by P-RNTI and Flag field is set to ‘0’
[image: ]
2.2. Design of additional SIB1-NB subframe
RAN1 made an agreement that additional subframes can be used for SIB1-NB transmissions on subframe #3 upon anchor-carrier. In addition, all the relevant open issues were summarized in the previous meeting, and companies agreed to discuss design details only within alternatives listed below [3]. The agreements from the last meeting can be categorized into three parts as below.
1) The total number of subframes for additional SIB1-NB transmission
	· 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
· 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



As aforementioned, we agreed to introduce the additional SIB1-NB transmission on the subframe #3 in the same radio frame as the existing SIB1-NB transmission. However the number of additional transmissions of SIB1-NB has not been decided. In the current specification, eNB can configure the repetition number of SIB1-NB between 4, 8, and 16. First of all, when we take a look at the repetition number of 4, the same number of subframes for additional SIB1-NB transmission as the repetition number of 4 is not necessary because eNB could have taken the repetition number of 8 rather than 4. Similarly, eNB can configure the repetition number of SIB1-NB as 16 rather than transmitting SIB1-NB additionally with the repetition number 8. Furthermore, transmitting SIB1-NB additionally as many as the existing SIB1-NB for the repetition number of 4 and 8 is less efficient than transmitting SIB1-NB with the repetition number of 8 and 16, respectively, without additional SIB1-NB transmission from legacy UE’s perspective since subframes of #3 are invalid every 10msec or 40msec. Hence, the half number of subframes for additional SIB1-NB transmission compared to that of the existing SIB1-NB will be sufficient at least for the repetition number 4 and 8, and it will offer finer granularity in repetition number configuration. And the alternative of “no additional SIB1-NB transmission” does not need to be considered since whether or not to transmit SIB1-NB additionally is a configurable parameter.

Proposal 2: For the repetition number 4 and 8, the total number of subframes for additional SIB1-NB transmission is half as many as that of the legacy SIB1-NB transmissions.

Taking into account the principle that performances in terms of BLER vary depending on the code rate, the number of additional subframes for SIB1-NB transmission needs to be adjusted by deterministic parameters such as TBS of SIB1-NB, #CRS/NRS ports, and operation mode even when the repetition number is set to 16.

Proposal 3: For the repetition number 16, the total number of subframes of additional SIB1-NB transmission 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 (X is a fixed number and can be defined by RAN4)
-	Otherwise, additional SIB1-NB subframes are transmitted on every 4th subframe #3

2) The sequence of coded bits-to-subframe allocation of additional SIB1-NB transmission
	· 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 



In the previous meeting, companies showed interesting observations which show different performance trends between the above alternatives. They can be accounted for by differences in the reference receivers. From the theoretical point of view first, however, Alt.1 won’t be able to achieve better performance in terms of BLER than Alt.2 and Alt.3 if the channel estimation accuracy is good enough. On the other hand, Alt.2 and Alt.3 are expected to cross each other in terms of BLER performance depending on code rate of SIB1-NB while Alt.2 can be implemented in a less complex way than Alt.3.

Proposal 4: The sequence of coded bits-to-subframe allocation of additional SIB1-NB transmission is circularly shifted as much as 8 radio frames compared to the existing SIB1-NB transmission.

3) Scrambling sequence
	· 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: ]
· (Alt.2) The scrambling sequence generator for additional SIB1-NB transmission is initialized with [image: ]
· (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 



Lastly, as for scrambling of additional SIB1-NB, the current scrambling method for NPDSCH carrying the BCCH can be used for additional SIB1-NB because NPDSCH on subframe #3 is not the same as one on subframe #4 even when additional SIB1-NB transmission is enabled according to the proposed coded bits-to-subframe allocation sequence.

Proposal 5: The current scrambling method for NPDSCH carrying the BCCH can be used for additional SIB1-NB

3. Conclusion
In this contribution, we provided our views on MIB-skipping mechanism and system information acquisition latency enhancement. The proposals in this contribution are summarized as follows.
Proposal 1: Use 6 unused bits of Direct Indication Information.
- 1st bit : ab-Enabled
- 2nd ~ 5th bits : 12 states of schedulingInfoSIB1 and one state for Fallback
Proposal 2: For the repetition number 4 and 8, the total number of subframes for additional SIB1-NB transmission is half as many as that of the legacy SIB1-NB transmissions.
Proposal 3: For the repetition number 16, the total number of subframes of additional SIB1-NB transmission 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 (X is a fixed number and can be defined by RAN4)
-	Otherwise, additional SIB1-NB subframes are transmitted on every 4th subframe #3
Proposal 4: The sequence of coded bits-to-subframe allocation of additional SIB1-NB transmission is circularly shifted as much as 8 radio frames compared to the existing SIB1-NB transmission.
Proposal 5: The current scrambling method for NPDSCH carrying the BCCH can be used for additional SIB1-NB
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Bit(s) Field in DCI format N2 when CRC is scrambled by P-RNTI
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