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1 Introduction

In RAN1#88bis, the following agreements were made with respect to the objective on reduced system acquisition time [1].
Agreements:
· The acquisition time of the studied signal/channel may either consider:

· Only the studied signal/channel (e.g. the NPBCH acquisition time not counting the NPSS/NSSS acquisition time )

· The time from higher layers triggers a MO event to the acquisition of the studied signal/channel (e.g. the NPSS, NSSS and NPBCH acquisition time)

· For reduced system acquisition time for NB-IoT, at least the following candidates can be considered

· Enhancement(s) to NPSS/NSSS 

· Enhancement(s) to MIB-NB 

· SIB1-NB accumulation across multiple SIB1-NB TTIs (with or without specification impact)

· New mechanism allowing to skip SIB1-NB and/or SI messages and/or MIB-NB reading

· Additional SIB1-NB is transmitted on other subframes in addition to the existing SIB1-NB transmission

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

· FFS on other SIBx-NB

· Details of all solutions are FFS

· Solutions need to be backwards compatible and take care of impacts to Rel-13/Rel-14 networks

In this paper, we discuss enhancements for NPSS/NSSS, MIB-NB, and SIB1-NB. Some evaluations are also given.
2 Cell acquisition time
2.1 NPSS signal design for standalone and guard-band
As discussed in [2], it can be considered to use the first three OFDM symbols in subframe #5 to extend the NPSS sequence for standalone and guard-band operation mode. Similar to the Rel-13 NPSS sequence design, the first three OFDM symbols can carry three sequences and each sequence occupies one OFDM symbol. 
Generally there are two options for the sequence design of the first three OFDM symbols. One option is to reuse the same ZC sequence in Rel-13 NPSS with root index 5, while a second option is to introduce ZC sequences with different root indices. To guarantee the cell search performance under large frequency offset (20 ppm), UE should use the auto-correlation method to eliminate the impact of frequency offset [3]. So to keep the low complexity of UE while detecting the extended NPSS, option 1 is preferable, because UE can still do the auto-correlation between different OFDM symbols directly while detecting the extended NPSS.
Furthermore, to keep the good auto-correlation characteristics of NPSS in Rel-13, a symbol-level cover code was introduced [3]. So if extending the NPSS with the same ZC sequence with root index 5, the symbol-level cover code should also be extended to keep good auto-correlation characteristics in the extended NPSS.
So, as a preferred example of the extended NPSS, the signal generation is as follows, where z1, z2 and z3 are three complex numbers used to extend the cover code.
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Table 1: Definition of 
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Proposal 1: For standalone and guard-band deployments, extend NPSS by using a length-14 cover code (instead of length 11) and repeating the Rel-13 NPSS ZC sequence on each of the first three OFDM symbols. 
2.1.1 Evaluation

In this section, the evaluation results in both theory and simulation are provided to show the performance of NPSS detection with the extended NPSS sequence.
The evaluation can be taken under two scenarios, where scenario 1 is the NPSS detection of Rel-15 UE and scenario 2 is the NPSS detection of Rel-13/14 UE. Scenario 1 is to show the detection performance of using an extended NPSS sequence when the extended NPSS is being transmitted, and scenario 2 is to show the detection performance of using the 11-symbol Rel-13 NPSS sequence when the extended NPSS is being transmitted. 

· Use the extended NPSS to detect the extended NPSS (i.e. Rel-15 UE with Rel-15 eNB)
Firstly, we look at the auto-correlation characteristics in theory. To make a clear comparison, the auto-correlation characteristic of Rel-13 NPSS sequence is also provided. 
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Figure 1: Auto-correlation characteristics of the extended NPSS and legacy NPSS respectively
As Figure 1 shows, the choice of [-1,1,1] for extending the NPSS cover code shows good auto-correlation characteristic. So the simulation based on the extended cover code [-1, 1, 1, 1, 1, 1, 1, -1, -1, 1, 1, 1, -1, 1] is provided, and the simulation assumptions are provided in the appendix. The simulation performance of NPSS detection in Rel-13 is also provided. The simulation results can be found in Table 2, and the corresponding figures are shown in appendix.
Table 2: Detection performance of NPSS

	Guard-band operation mode, SNR = -12.6dB

	Metrics / Scenarios
	Extended NPSS
	Rel-13 NPSS

	False alarm rate
	0
	0

	Detection rate
	1
	1

	Latency @ 50%
	257 ms
	356 ms

	Latency @ 90%
	515 ms
	674 ms


	Standalone operation mode, SNR = -8.6dB

	Metrics / Scenarios
	Extended NPSS
	Rel-13 NPSS

	False alarm rate
	0
	0

	Detection rate
	1
	1

	Latency @ 50%
	39 ms
	54 ms

	Latency @ 90%
	104 ms
	120 ms


	Standalone operation mode, SNR = -4.6dB

	Metrics / Scenarios
	Extended NPSS
	Rel-13 NPSS

	False alarm rate
	0
	0

	Detection rate
	1
	1

	Latency @ 50%
	14 ms
	16 ms

	Latency @ 90%
	38 ms
	43 ms


Observation 1: Detection of extended NPSS (with [-1,1,1]) shows better performance than the detection of Rel-13 NPSS.
· Use Rel-13 NPSS (11-symbol length) to detect extended NPSS (i.e. Rel-13 UE with Rel-15 eNB) 
Similar as above, we can look at the cross-correlation characteristics between the Rel-13 NPSS and the extended NPSS in theory. To make a clear comparison, the auto-correlation characteristic of Rel-13 NPSS sequence is also provided. 
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Figure 2: Cross-correlation characteristic between the Rel-13 NPSS and the extended NPSS, and the auto-correlation characteristic of Rel-13 NPSS
As the Figure 3 shows, the choice of [-1,1,1] also shows good cross-correlation characteristic with the Rel-13 NPSS. So the simulation based on the extended cover code [-1, 1, 1, 1, 1, 1, 1, -1, -1, 1, 1, 1, -1, 1] is also provided, and the simulation assumptions are provided in the appendix. The simulation performance of NPSS detection in Rel-13 is also provided. The simulation results can be found in Table 3, and the corresponding figures are shown in appendix.
Table 3: Detection performance of NPSS

	Guard-band operation mode, SNR = -12.6dB

	Metrics / Scenarios
	Use Rel-13 NPSS to detect the extended NPSS
	Rel-13 NPSS

	False alarm rate
	0
	0

	Detection rate
	1
	1

	Latency @ 50%
	356 ms
	356 ms

	Latency @ 90%
	699 ms
	674 ms


	Standalone operation mode, SNR = -8.6dB

	Metrics / Scenarios
	Use Rel-13 NPSS to detect the extended NPSS
	Rel-13 NPSS

	False alarm rate
	0
	0

	Detection rate
	1
	1

	Latency @ 50%
	54 ms
	54 ms

	Latency @ 90%
	124 ms
	120 ms


	Standalone operation mode, SNR = -4.6dB

	Metrics / Scenarios
	Use Rel-13 NPSS to detect the extended NPSS
	Rel-13 NPSS

	False alarm rate
	0
	0

	Detection rate
	1
	1

	Latency @ 50%
	16 ms
	16 ms

	Latency @ 90%
	45 ms
	43 ms


Observation 2: For a Rel-13/14 UE, the detection performance when the extended NPSS is transmitted is almost the same as when the Rel-13 NPSS is transmitted.

Proposal 2: Consider using [-1,1,1] to extend the NPSS cover code on the first three OFDM symbols for standalone and guard-band deployments.
2.2 NSSS signal design for standalone and guard-band

Similar as NPSS, the NSSS can be also extended by using the first three OFDM symbols. Since NSSS is detected after time/frequency synchronization, it has no impact on the Rel-13/14 UE when it is under a Rel-15 eNB which transmits the extended NSSS. 

In Rel-13, NSSS uses a long sequence and is used to carry 11-bit information, including 9-bit PCI and 2-bit SFN. So it is not preferred to directly extend NSSS sequence to a 14-symbol length sequence. Instead, a 3-symbol length sequence can be introduced on the first three OFDM symbols. However, since it has just 3 OFDM symbols, then it is reasonable to use the 3-symbol length sequence to carry fewer bits information than 11 bits. For example, the 3-symbol sequence can only carry e.g. 9-bit PCI (
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Proposal 3: Use a sequence occupying the first three OFDM symbols as an extra NSSS, e.g. the first part of Rel-13 NSSS. FFS the sequence design and the carried information.

2.3 Transmit diversity for NPSS/NSSS

Rel-13 did not specify a transmit diversity scheme for NPSS/NSSS. However, if in Rel-15 a backwards compatible transmit diversity were specified for NPSS/NSSS, it would be expected to improve Rel-15 UE performance by allowing defined assumptions for combining repetitions of NPSS and/or NSSS, with no impact on earlier UEs.
3 Extended MIB-NB for standalone and guard-band

For the MIB-NB, the first three OFDM symbols can be used to extend the MIB-NB codeword while preserving the transmission on the current 11 symbols. 

Proposal 4: Use the first three OFDM symbols to extend the MIB-NB codeword, and the same generation/mapping mechanism on the last 11 OFDM symbols as Rel-13/14 should be kept.
4 SIB1-NB accumulation

Currently, SIB1-NB is mapped onto eight subframes, i.e. every other subframe #4 over 160 ms. These patterns are then repeated in turn for a maximum of 2560 ms. The consequence of this repetition pattern is that each SIB1-NB subframe is repeated at intervals of 16 radio frame. A straight-forward way of providing more accumulation gain for the UE is to repeat each Rel-13 SIB1-NB subframe as close to the first mapped subframe as possible.

One option is to extend the SIB1-NB repetition to the subframes #4 which are not occupied by SIB1-NB symbols in the current specification. This is a backwards compatible solution where earlier release UEs continue to receive only the first subframes and the eNB can mark the other subframes #4 as invalid. Another option is to repeat a SIB1-NB subframe transmitted in a subframe #4 in any other subframe of the current radio frame which is not occupied by NPSS, NSSS or NPBCH.  
To ensure that earlier release UEs are not impacted by the added SIB1-NB subframes, the scrambling sequence used on NPDSCH carrying BCCH should apply to the initially mapped symbols only. The protection of the repeated SIB1-NB symbols from interference may be based on additional mechanisms, which are known to the Rel-15 UEs.
Proposal 5: Repeat each Rel-13 SIB1-NB subframes either in subframe#4 of the following radio frame, or in any other subframe not occupied by NPSS, NSSS or NPBCH.

SIB1-NB is known to have more scope for improvement in its acquisition time than MIB-NB [4], so use of additional subframe-level repetitions should be dedicated to SIB1-NB in order not to consume excessive amounts of unicast/multicast NPDSCH resources. Improvements in MIB-NB can be focused in standalone and guard-band operation modes, where the proposed resources of the first 3 OFDM symbols are currently unused.
5 Conclusions
In this paper, the enhancements of system acquisition time are discussed, and the following observations are made.

Observation 1: Detection of extended NPSS (with [-1,1,1]) shows better performance than the detection of Rel-13 NPSS.

Observation 2: For a Rel-13/14 UE, the detection performance when the extended NPSS is transmitted is almost the same as when the Rel-13 NPSS is transmitted.

As a result, we propose the following:

Proposal 1: For standalone and guard-band deployments, extend NPSS by using a length-14 cover code (instead of length 11) and repeating the Rel-13 NPSS ZC sequence on each of the first three OFDM symbols. 

Proposal 2: Consider to use [-1,1,1] to extend the NPSS cover code on the first three OFDM symbols.

Proposal 3: Use a sequence occupying the first three OFDM symbols as an extra NSSS, e.g. the first part of Rel-13 NSSS. FFS the sequence design and the carried information.
Proposal 4: Use the first three OFDM symbols to extend the MIB-NB codeword, and the same generation/mapping mechanism on the last 11 OFDM symbols as Rel-13/14 should be kept.
Proposal 5: Repeat each Rel-13 SIB1-NB subframe either in subframe#4 of the following radio frame, or in any other subframe not occupied by NPSS, NSSS or NPBCH.
References

[1] “Draft_Minutes_report_RAN1#88b_v010”
[2] R1-1704295, “On cell search improvements”, April 3-7, 2017
[3] R1-161981, “NB-PSS and NB-SSS Design”, March 22-24, 2016
[4] R1-1701571, “LS to RAN1, RAN2 on eNB-IoT SI acquisition delay”, to: RAN1, RAN2; RAN4#81, Reno, USA, November 2016. 
Appendix

· Simulation assumptions
	Parameter
	Value

	BS TX antenna configuration
	1Tx for stand-alone, 2Tx for guardband

	BS power
	43 dBm for stand-alone,35 dBm for guardband

	System BW
	180kHz

	Band
	Band 8 (900 MHz)

	Channel model 
	TU

	Doppler spread 
	1 Hz

	Initial frequency error 

@ acquisition of NPSS
	±20 ppm

	UE RX antenna configuration
	1 Rx

	UE NF
	5, 9 dB

	Coupling loss
	164 dB


· Simulation figures
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