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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK1]In RAN1#89, the following agreements were made with respect to the reduced system acquisition time. 
Agreements:
· 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 paper, we provide our considerations on the improvement of NPSS/NSSS to help reduce the system acquisition time. Discussion on reducing the time to acquire System Information can be found in our companion contribution [2].
[bookmark: _Ref129681832]Cell acquisition time
[bookmark: OLE_LINK3]As discussed in [3], 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. 
The improvement by using the first three OFDM symbols targets the guard-band and standalone deployment, by using resources that are presently wasted in NB-IoT due to the primary focus on in-band designs in Rel-13. However, guard-band deployments are appearing in various parts of the world, and standalone deployments are clearly highly important in the future as NR, with its accelerated standardization timeline, for completion within Rel-15, approaches. Rel-15 is therefore also the right time to enhance NB-IoT for these operation modes, whilst continuing to optimize in-band performance. For in-band deployments, there are other improvements to reduce the system acquisition time, e.g. introducing additional subframes for SIB1-NB or some implementation optimization for MIB-NB and SIB1-NB. Both sets of proposals should be introduced together to reduce the system acquisition time of all the three deployment modes.
NPSS improvement for stand-alone and guard-band
Similar to the Rel-13 NPSS sequence design, the first three OFDM symbols can each carry a sequence.
There are two basic 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 [4]. Considering that the detection complexity of NPSS should not be overall increased, it is preferable to use the same ZC sequence with root index 5, 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 [4], and this should also be extended to keep good auto-correlation characteristics in the extended NPSS.
We propose the same design of the extended NPSS as in [3], and the signal generation is as follows, where z1, z2 and z3 are three complex numbers used to extend the cover code.



Table 1: Definition of .
	


	z1
	z2
	z3
	1
	1
	1
	1
	-1
	-1
	1
	1
	1
	-1
	1



Proposal 1: For standalone and guard-band deployments, extend NPSS into the first three OFDM symbols of relevant subframes by using a length-14 cover code (instead of length 11) and repeating the Rel-13 NPSS ZC sequence on each symbol. 
In the following, theoretical and simulation-based evaluations are provided to show the performance of NPSS detection with the extended NPSS sequence.
Evaluations are performed for two scenarios. Scenario 1 is the NPSS detection of Rel-15 UE and scenario 2 is the NPSS detection of Rel-13/14 UE in a cell which is transmitting the Rel-15 NPSS. The former is to show the detection performance of using an extended NPSS sequence when the extended NPSS is being transmitted, and the latter is to show the detection performance of using the 11-symbol Rel-13 NPSS sequence when the extended NPSS is being transmitted. 
Scenario 1: Rel-15 UE synchronizing to a Rel-15 cell transmitting the extended NPSS.
Scenario 2: Rel-13/14 UE synchronizing to a Rel-15 cell transmitting the extended NPSS.
Theoretical evaluations
[bookmark: OLE_LINK2]Firstly, we look at scenario 1, i.e. the auto-correlation characteristics of the extended NPSS. To make a clear comparison, the auto-correlation characteristic of Rel-13 NPSS sequence is also provided. As the figure shows, the choice of [-1,1,1] for extending the NPSS cover code shows good auto-correlation characteristics. 
[image: ]
Figure 1: Auto-correlation characteristics of the extended NPSS and legacy NPSS respectively
Secondly, we look at the scenario 2, i.e. 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. As the Figure 2 shows, the choice of [-1,1,1] also shows good cross-correlation characteristic with the Rel-13 NPSS. 
[image: ]
[bookmark: _Ref492633382]Figure 2: Cross-correlation characteristic between the Rel-13 NPSS and the extended NPSS, and the auto-correlation characteristic of Rel-13 NPSS
Simulation
The simulation based on the extended cover code [-1, 1, 1, 1, 1, 1, 1, -1, -1, 1, 1, 1, -1, 1] is provided. To make a clear comparison, the simulation performance of NPSS detection in Rel-13 is also provided. The simulation results can be found in Table 2 and Table 3, and the simulation assumptions and the corresponding figures are shown in the appendix.
[bookmark: _Ref492633269][bookmark: _Ref492633259]Table 2: Detection performance of NPSS in Guard-band operation mode
	SNR = -16.6dB (164dB MCL, NF=9 dB)

	Metrics / Scenarios
	Rel-15 UE synchronizing to a cell transmitting extended NPSS (Scenario 1)
	Rel-13/14 UE synchronizing to a cell transmitting Rel-13 NPSS
	Rel-13/14 UE synchronizing to a cell transmitting extended NPSS (Scenario 2)

	False alarm rate
	1%
	1%
	1%

	Detection rate
	98.4%
	92.8%
	92.4%

	Latency @ 50%
	1.3 s
	1.69 s
	1.72 s

	Latency @ 90%
	2.8 s
	3.61 s
	3.65 s

	SNR = -12.6dB (164dB MCL, NF=5)

	False alarm rate
	0
	0
	0

	Detection rate
	1
	1
	1

	Latency @ 50%
	257 ms
	356 ms
	356 ms

	Latency @ 90%
	515 ms
	674 ms
	699 ms



[bookmark: _Ref505527293]Table 3: Detection performance of NPSS in Stand-alone operation mode
	SNR = -8.6dB (164dB MCL, NF=9)

	Metrics / Scenarios
	Rel-15 UE synchronizing to a cell transmitting extended NPSS
	Rel-13/14 UE synchronizing to a cell transmitting Rel-13 NPSS
	Rel-13/14 UE synchronizing to a cell transmitting extended NPSS (Scenario 2)

	False alarm rate
	0
	0
	0

	Detection rate
	1
	1
	1

	Latency @ 50%
	39 ms
	54 ms
	54 ms

	Latency @ 90%
	104 ms
	120 ms
	124 ms

	SNR = -4.6dB (164dB MCL, NF=5)

	False alarm rate
	0
	0
	0

	Detection rate
	1
	1
	1

	Latency @ 50%
	14 ms
	16 ms
	16 ms

	Latency @ 90%
	38 ms
	43 ms
	45 ms



It can be seen from the simulation results that the improved mechanism, i.e., extending the NPSS using the first three OFDM symbols in guard-band and stand-alone deployment, can save as much as ~800 ms (latency @ 90%) for UE detecting NPSS, which is a significant improvement and shall not be ignored.
Observation 1: The improved mechanism can save as much as ~800 ms (latency @ 90%) for UE detecting NPSS, which is a significant improvement and shall not be ignored.
Some companies [5, 6] showed their concern that the improved mechanism may have negative impacts on Rel-13/14 UEs. However, according to the simulation results, compared with Rel-13/14 UE synchronizing to a cell transmitting Rel-13 NPSS, the latency @ 90% of Rel-13/14 UE synchronizing to a cell transmitting extended NPSS is increased by only 1%~4%, which is a very small impact.
Observation 2: The improved mechanism makes only a very small difference to Rel-13/14 UEs.
We consider whether a Rel-15 UE needsd to hypothesize between different NPSS lengths (with and without the new symbols. When the Rel-15 UE tries to detect NPSS for the first time, such as entering a new cell, since it UE has not obtained the configuration of NPSS and has no idea whether or not the 3 additional symbols are used for NPSS, the Rel-15 UE simply assumes that NPSS is the same as that in Rel-13/Rel-14 and can act as a Rel-13/Rel-14 UE to detect NPSS. After the Rel-15 UE has acquired the system information of the new cell, the Rel-15 UE can obtain the configuration of NPSS and knows whether or not the 3 additional symbols are used for NPSS in this cell. After that, the UE can detect NPSS according to the configuration.
In general, if the Rel-15 UE is not sure about whether or not the 3 additional symbols are used for NPSS, the Rel-15 UE can act as a Rel-13/Rel-14 UE to detect NPSS. If the Rel-15 is sure about this, the Rel-15 UE can use the 3 additional symbols to detect NPSS and thus save synchronization time and power.
In summary, the Rel-15 UE does not need to hypothesize whether or not the 3 additional symbols are used for NPSS. Thus, the Rel-15 UE can benefit from the improved mechanism without increasing the memory requirement and has no problem in terms of frequency error estimation.
Observation 3: The Rel-15 UE does not need to hypothesize whether or not the 3 additional symbols are used for NPSS. Thus, the Rel-15 UE can benefit from the improved transmission without increasing the memory requirement and has no problem in terms of frequency error estimation.
Proposal 2: Use [-1,1,1] to extend the NPSS cover code on the first three OFDM symbols for standalone and guard-band deployments.
NSSS improvement for stand-alone and guard-band
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 in a cell which transmits the extended Rel-15 NSSS. 

In Rel-13, NSSS uses a long sequence and is used to carry 11 bits of 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, an additional 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 than 11 bits of information. For example, the 3-symbol sequence can carry e.g. the 9-bit PCI () only.
[bookmark: _GoBack]Proposal 3: Use a sequence occupying the first three OFDM symbols as an extra NSSS.
Transmit diversity for NPSS/NSSS
The physical layer mapping of NPSS and NSSS in NB-IoT uses the same antenna port within a subframe. The eNB has freedom to change antenna port or ports from one subframe to another and the eNB may also change the phase of the NPSS/NSSS for each antenna port for each subframe. Changing the relative phase on the NPSS/NSSS signal transmitted from the two antenna ports can effectively combat fading through introducing more diversity over a number of NPSS/NSSS subframes. One example of a repeating antenna phase sequence is shown in Figure 3.
[image: ]
[bookmark: _Ref493238166]Figure 3: Example of a length-2 synchronization signal phase sequence
The change of antenna port and phase from one subframe to another makes it very difficult at the UE to get any combining gain from multiple NSSS instances due to the chance of destructive combining. 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. RAN1 has also agreed that it is feasible to use NSSS on an anchor carrier for RRM measurement. In both cases, having a periodically repeating antenna phase sequence on NSSS can help to improve the UE performance.  
One means for the UE to know the length of the antenna phase change pattern that the eNB deploys is through specifying the maximum length of the periodically repeating phase sequence at the eNB antenna port/ports. The UE continues to make no assumption regarding whether the actual antenna port in one subframe is the same as in any other subframe, and there is no need to specify any values of the phase sequence within each period of the repeating sequence (so UE makes no assumption). In order to keep the buffering requirements for a UE feasible when NSSS is used for RRM measurements, a suitable maximum length should be 2 subframes. A longer maximum length may be considered if in Rel-15 core requirements no increased buffering capability is assumed for a UE in comparison to Rel-13/14.
Proposal 4: Specify only a maximum length of the periodically repeating phase sequence on NPSS/NSSS at the eNB antenna ports, up to [2] NPSS/NSSS subframes.  There is no need to specify any particular phase sequence.
Proposal 5: Inform RAN4 that in setting Rel-15 core requirements, RAN4 should not assume any increased NSSS buffering capability in the UE compared to Rel-13/14.
Conclusions
In this paper, we provide our considerations on the improvement of NPSS/NSSS. And several observations and proposals are made.
Proposal 1: For standalone and guard-band deployments, extend NPSS into the first three OFDM symbols of relevant subframes by using a length-14 cover code (instead of length 11) and repeating the Rel-13 NPSS ZC sequence on each symbol. 
Proposal 2: Use [-1,1,1] to extend the NPSS cover code on the first three OFDM symbols for standalone and guard-band deployments.
Proposal 3: Use a sequence occupying the first three OFDM symbols as an extra NSSS.
Proposal 4: Specify only a maximum length of the periodically repeating phase sequence on NPSS/NSSS at the eNB antenna ports, up to [2] NPSS/NSSS subframes.  There is no need to specify any particular phase sequence.

Proposal 5: Inform RAN4 that in setting Rel-15 core requirements, RAN4 should not assume any increased NSSS buffering capability in the UE compared to Rel-13/14.

Observation 1: The improved mechanism can save as much as ~800 ms (latency @ 90%) for UE detecting NPSS, which is a significant improvement and shall not be ignored.
Observation 2: The improved mechanism makes only a very small difference to Rel-13/14 UEs.
Observation 3: The Rel-15 UE does not need to hypothesize whether or not the 3 additional symbols are used for NPSS. Thus, the Rel-15 UE can benefit from the improved transmission without increasing the memory requirement and has no problem in terms of frequency error estimation.
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Appendix
· [bookmark: OLE_LINK4]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
	900 MHz

	Channel model 
	TU

	Doppler spread 
	1 Hz

	Initial frequency error 
@ acquisition of NPSS
	± 20 ppm

	Initial frequency error for NPBCH
	± 50 Hz

	Initial timing error for NPBCH
	± 2.6 us

	UE RX antenna configuration
	1 Rx

	UE NF
	5, 9 dB

	Coupling loss
	144, 154, 164 dB



· Simulation figures
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