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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.
In the last RAN1 meetings, following agreements were made on the cell search and system information acquisition time enhancement [2][3]:
	Agreements: (from RAN1#88bis)
· For reduced system acquisition time for NB-IoT, at least the following candidates can be considered
· As for cell search latency enhancement
· Enhancement(s) to NPSS/NSSS

· Use of physical signal/channel in agenda item 7.2.7.1.1 (if introduced)

· As for system information acquisition latency enhancement
· 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

· Others
· 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
Agreements: (from RAN1#89)
· Additional transmissions of NPSS/NSSS in subframes other than those used in Rel-13 for in-band, guard-band and standalone are not considered in Rel-15 for an anchor carrier
· FFS: NPSS/NSSS transmission using unused 3-OFDM symbols in existing subframe#5,9 on anchor carrier at least for stand-alone and guard band modes


In this contribution, we provide our views on cell search and system information acquisition latency enhancement.
2. Discussion

2.1. Cell search

In the previous meeting, there was a discussion regarding potential enhancement of NB-IoT cell search performance by using unused 3 OFDM symbols in existing subframe #5 and #9 on anchor carrier for standalone and guard-band modes. Despite performance enhancements are obviously expected in proportion to the number of additional symbols, we have concerns a couple of aspects as below:
1) If new signal is introduced, it should be applicable to the worst case
The worst case in terms of cell detection latency is not standalone mode but in-band operation modes because NPSS and NSSS can be contaminated by CRSs in in-band operation modes. In our point of view, the main motivation of this WI is to enhance cell search and/or system information (at least MIB-NB) acquisition performance for all operation modes particularly for in-band operation modes. Thus, if RAN1 fails to come up with a solution for in-band operation modes, we are not convinced that alternative solutions only for other operation modes are needed.
2) If new signal is introduced, common design for all operation modes is desirable
If we introduce different NPSS/NSSS for different operation modes, UE implementation complexity would increase which is not desirable for NB-IoT devices. In this point of view, if we take NPSS/NSSS with unused 3 OFDM symbols, it is obvious that common design for all operation modes is not possible
2.2. System information acquisition

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-acquire the MIB-NB repeatedly until SIB1-NB is correctly decoded, and this may end up limiting Cat.NB1 UE’s battery life. In order to overcome frequent MIB-NB decoding attempts, SIB1-NB acquisition performance needs to be improved. In this section, we discuss potential risk of advanced receiver and propose additional SIB1-NB transmissions.
2.2.1. Advanced receiver and assistance information
An advanced receiver could be considered as one way to improve system information acquisition performance in accordance with the current specification. The suggested advanced receivers [5] can be categorized into 2 types as below.

· Type-1: Advanced receiver with cross-subframe channel estimation
· Type-2: Advanced receiver with cross-subframe channel estimation and joint-decoding
According to observation results [5], cross-subframe channel estimation seems to contribute the most to the overall performance improvements. In addition, cross-subframe channel estimation can be reused for other channel demodulation such as NPDSCH as well as NPDCCH while joint-decoding algorithms for MIB-NB and SIB1-NB cannot. Besides, since it is not sure if SIB1-NB scheduling information in MIB-NB has changed across SIB1-NB TTIs(2560ms) within SIB1-NB modification period(40.96s), UE may not be able to use SIB1-NB joint-decoding across SIB1-NB TTIs directly.

2.2.2. Additional SIB1-NB subframe
According to the agreements on system information acquisition latency enhancement from the previous meeting, additional SIB1-NB transmissions on other subframes could be considered. The current subframe indices for NPSS, NSSS, MIB-NB, and SIB1-NB which are NB-IoT cell broadcasting signals and channels have been determined to avoid potential MBSFN subframe locations. In the same way, additional SIB1-NB subframes should be limited to either the subframe # 4 which does not carry the current SIB1-NB or the subframe #9 in even numbered radio frames. However, when we take into account cross-channel subframe channel estimation, it would be better to use the subframe #9 not carrying NSSS as additional SIB1-NB transmission because UE can exploit NRSs in the subframe #0 as well as #9. In addition, as we can see from Figure 1 that the every other subframe #9 where a serving cell does not transmit SIB1-NB additionally can be used for neighbour cell SIB1-NB additional transmission when SIB1-NB repetition number is 16. Then, periodicity of additional SIB1-NB transmission for the repetition number 16 should be 40msec at least.
Proposal 1: SIB1-NB should be transmitted additionally on the subframe #9 not carrying NSSS for SI acquisition latency enhancement
· At least 40msec of additional SIB1-NB transmission periodicity should be supported considering the repetition number 16


[image: image1]
Figure 1 Resource allocations of additional SIB1-NB subframes for repetition numbers and cell ID

When eNB transmits SIB1-NB additionally, its transmission pattern(e.g., the sequence of coded bits-to-subframe allocation) can be the same as the current SIB1-NB. However, when we take a close look at the resource allocation process from SIB1-NB codeword generation to resource mapping, we can find a potential possibility that UE in the normal coverage can take an advantage of additional SIB1-NB transmission as well. In general, channel coding gain is more significant factor for performance enhancement than SNR gain obtained by repetition in high SNR region.
According to the current channel codding and resource mapping rules for SIB1-NB, SIB1-NB TB is encoded by 1/3 TBCC and the encoded bits stored in circular buffer first. Then bits to be transmitted over 8 subframes(NSF=8) will be collected from the stored bits in the circular buffer by rate matching algorithm and the collected bits will be fragmented into 8 parts so that each fragmented part can be allocated in one SIB1-NB subframe. Based on this procedure, there are some cases where encoded bits are not fully transmitted over 8 SIB1-NB subframes depending on the code rate which means channel coding gain cannot be fully exploited. Taking into account the above procedure, resource mapping and allocation for additional SIB1-NB transmission need to be manipulated so that channel coding gain can be sufficiently achieved and UE in the normal coverage can successfully decode it earlier.
In order to compare SIB1-NB decoding performances for difference periodicities and resource allocation patterns, alternatives are listed below as examples:
· Alt.1-a: SIB1-NB is additionally transmitted over 8 subframes(shaded rectangles in Figure 2) for 160msec with the same resource mapping pattern as Rel.13
· Alt.1-b: SIB1-NB is additionally transmitted over 8 subframes(shaded rectangles in Figure 2) for 160msec with different resource mapping pattern from Rel.13
· Alte.2-a: SIB1-NB is additionally transmitted over 4 subframes(shaded rectangles in Figure 2) for 160msec with the same resource mapping pattern (but skipping even numbered transmission) as Rel.13
· Alte.2-b: SIB1-NB is additionally transmitted over 4 subframes(shaded rectangles in Figure 2) for 160msec with different resource mapping pattern from Rel.13

On top of that, we considered window length for SIB1-NB decoding to observe SIB1-NB decoding latencies for high SNR UE as shown in Figure 2. Here, the window length represents the amount of LLR information which can be combined within the given duration for SIB1-NB decoding. For example, in the case of “full window”, UE decodes SIB1-NB by using bits which spread over 160msec while “half window” case only uses bits in 80msec.
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Figure 2 Alternatives of additional SIB1-NB transmission pattern and TBCC decoding window

Based on the terminologies above, performances have been observed in terms of BLER under in-band operation mode with 2 CRS ports and 4 NRS ports. In the given configuration and “Rel.13” in Figure 2, TBCC encoded bits of SIB1-NB stored in a circular buffer are sent out as much as around 55% and 35% for 80msec when TBS is 440 and 680, respectively.
As expected, we can see that “Alt.1-b with half window” can achieve the same performance as “Rel.13 with full window” in Figure 3. And it should be noted that “Alt.2-b with half window” outperforms “Alt.1-a with half window” even though 6 subframes are used for SIB1-NB decoding in “Alt.2-b with half window” while 8 subframes are used in “Alt.1-a with half window”. From this observation results, we can see that SIB1-NB detection latency can be enhanced not only for the enhanced coverage UEs but also for the normal coverage UEs by additional SIB1-NB transmissions with a simple change of the sequence of coded bit-to-subframe allocation.
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Figure 3 Performance comparisons of SIB1-NB for alternatives

Proposal 2: Additional transmission of SIB1-NB should be designed to provide SI acquisition latency enhancement not only for far-UEs but also near-UEs
· The sequence of coded bits-to-subframe allocation of additional SIB1-NB transmission can be interleaved
3. Conclusion
In this contribution, we provided our views on cell search and system information acquisition latency enhancement.

Proposal 1: SIB1-NB should be transmitted additionally on the subframe #9 not carrying NSSS for SI acquisition latency enhancement

· At least 40msec of additional SIB1-NB transmission periodicity should be supported considering the repetition number 16

Proposal 2: Additional transmission of SIB1-NB should be designed to provide SI acquisition latency enhancement not only for far-UEs but also near-UEs

· The sequence of coded bits-to-subframe allocation of additional SIB1-NB transmission can be interleaved
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