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1 Introduction
In RAN #75 meeting, new WID RP-170852 on Further NB-IoT enhancements was agreed as working agreement [1]. One of the objective is NPRACH reliability and range enhancements

NPRACH reliability and range enhancements

· If found necessary, reduce false alarm probability for NPRACH detection due to inter-cell interference on NPRACH [RAN1, RAN2, RAN4]

· If found necessary, introduce at least additional cyclic prefixes for NPRACH to support cell radius of at least 100 km [RAN1, RAN2, RAN4]

In this contribution, we discuss the issue of NPRACH reliability for NB-IoT.
2 Discussions
2.1 Inter-cell NPRACH interference strength analysis
To study the inter-cell NPRACH interference situation system level simulation was conducted. Based on discussions in [2] ,with collision probability =5%, NPRACH overhead will occupy roughly 32.6% of uplink resources. In this scenarios, orthogonal NPRACH resources can be provisioned via TDM or FDM in three neighboring cells. With even higher collision probability orthogonal resources in four neighboring cells can be configured. In the simulation below it is assumed orthogonal NPRACH resources configured in four neighboring cells. 
Figure 1 below gives the simulation result for inter-cell NPRACH interference strength CDF. The detailed simulation assumptions are listed in TableA1 in the Appendix 1. SIR result from the system level simulation will be used to configure link level simulation parameters. 
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Figure1：Inter-cell NPRACH interference strength distribution
In Table1 below , the SIR values corresponding 5%，25%，50%，75%，95% position in the CDF curve are listed .

Table 1：Inter-cell NPRACH interference strength value

	X% position in the CDF curve
	SIR(dB)

	5
	-1.89

	25
	2.41

	50
	6.37

	75
	11.12

	95
	19.29


2.2 Existing NPRACH performance under inter-cell interference
2.2.1 False alarm probability
To study the inter-cell NPRACH interference on NPRACH false alarm, link level simulation was conducted, based on the simulation methodology agreed in the email discussion following RAN1#88bis. In table 2 below the result are shown. Note the NPRACH repetition is 8 and SNR is 6.1dB, based on the test parameters in TS36.104,and the detailed simulation assumptions are listed in the Appendix 2.
Table 2：NPRACH FAP simulation result under different interference strength
	SIR (dB)
	FAP

	
	Overlapping ratio=25%
	Overlapping ratio=50%
	Overlapping ratio=75%
	Overlapping ratio=100%

	-1.89
	100%
	100%
	100%
	100%

	2.41
	100%
	100%
	100%
	100%

	6.37
	94.8%
	99.2%
	99.6%
	99.8%

	11.12
	28%
	76.8%
	93.4%
	97%

	19.29
	0.6%
	1.4%
	5.6%
	13.8%


Based on the simulation result, it can be observed that inter-cell interference has significant impact on NPRACH false alarm.
Observation 1：Inter-cell interference has significant impact on NPRACH false alarm.
2.2.2 TA estimation error
The inter-cell interference impact on TA estimation was also studied. Similar simulation assumption was used. The simulation result of TA estimation error with different overlapping ratio are shown in Figure 2 to Figure 5.
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Figure 2:TA estimation result with 100% overlapping interferer
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Figure 3: TA estimation result with 75 % overlapping interferer
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Figure 4: TA estimation result with 50% overlapping interferer
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Figure 5: TA estimation result with 25% overlapping interferer

Based on the simulation result, it can be observed that inter-cell interference has significant impact on NPRACH TA estimation.
Observation 2：Inter-cell interference has significant impact on NPRACH TA estimation.
2.3 NPRACH reliability enhancement
To improve the inter-cell interference situation, a cover code on top of the symbol group can be applied. With this structure, the symbols in a group are the same, but they are different across the symbol groups.  The benefit is that from a system level perspective the interference to inter-cell interferer transmission is randomized.
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Figure 6: Symbol group sequence generation based on a cover code 
Additionally, new NPRACH symbol group structure can be considered to further suppress inter-cell NPRACH interference. For example, instead of all ‘1’ sequence, preconfigured ZC sequence can be used. As shown in figure 7, one symbol group consists of 20 symbols with subcarrier spacing 3.75kHz. The symbol with index 0 is used as CP, while the remaining 19symbols are used for 19 length ZC sequence. 
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Figure 7: New NPRACH symbol group structure

For the NPRACH structure in figure 7, the simulation result of TA estimation error with similar simulation assumption and the most serious interference situation(100% overlapping ratio and SIR = -1.89dB) is shown in figure 8. Based on the simulation result, it can be observed that inter-cell interference has been effectively suppressed on NPRACH TA estimation.
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Figure 8: TA estimation result for new NPRACH symbol group structure
For this solution further study may be needed to evaluate the inter-tone interference as the symbol value in each symbol group is not same. One solution is to configure guard tone if the inter-tone interference is a concern.
Observation 3：FFS preconfigured  preamble sequence/cover code to lower the impact on NPRACH detection performance.
3 Conclusions
In this contribution, we make the following observation:
Observation 1：Inter-cell interference has significant impact on NPRACH false alarm.
Observation 2：Inter-cell interference has significant impact on NPRACH TA estimation.
Observation 3：FFS preconfigured  preamble sequence/cover code to lower the impact on NPRACH detection performance.
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Appendix1：NPRACH system level simulation assumptions
Table A1: NPRACH system level simulation parameters

	Parameters 
	Description 

	Cellular Layout 
	Hexagonal grid, 19 cell sites, 3 sectors 

	Frequency reuse factor
	1

	Frequency band 
	900 MHz 

	Inter site distance 
	1732 m 

	Antenna configuration 
	BS: 2Rx; NB-IoT UE: 1Tx 

	Rx noise figure 
	BS: 3 dB 

	Thermal noise density 
	-174 dBm/Hz 

	NB-IoT UE Tx Power 
	23 dBm

	Path loss model 
	L=I + 37.6log10(R), R in kilometers; I=120.9 

	Shadowing standard deviation 
	8 dB 

	Correlation distance of Shadowing 
	110 m 

	Shadowing correlation 
	Between cell sites: 0.5

Between sectors of the same cell site: 1.0 

	Antenna pattern (horizontal) 
	See table 5-7, 3GPP TR 45.914, 65°H-plane. 

	BS antenna gain 
	18 dBi 

	NB-IoT UE Antenna gain 
	-4 dBi 

	BS cable loss 
	3 dB 

	User Distribution

	· Indoor scenario 
· All UEs are indoor

· UE distribution follows TR 45.820 
· Building Penetration Loss Scenario#1  Coef =0.5 (See Annex D.1 of TR 45.820). 


Appendix2：NPRACH link level simulation assumptions

Table A2: PRACH coverage performance

	1)      Tx power (dBm)
	23

	2)      PSD (dBm/Hz)
	-174

	3)      Rx noise figure (dB)
	3

	4)      Interference margin (dB)
	0

	5)      BW (Hz)
	3750

	6)      Effective noise (dBm)
2)+3)+4)+10*log10(5))
	-135.2597

	7)      Required SINR (dB)
	14.25

	8)      Rx sensitivity (dBm)
6)+7)
	-121.0097

	9)      Rx processing gain (dB)
	0

	10)    MCL (dB)

1)-8)+9)
	144.0097


Table A3:NPRACH simulation parameters

	Parameter
	Value

	Channel model
	TU

	Doppler spread
	1 Hz

	Antenna configuration
	1 Tx; 2 Rx

	Cell size
	100 km

	Timing uncertainty
	randomly selected from [0 MaxRTD], where MaxRTD is calculated according to the cell radius

	Frequency error
	Uniformly drawn from the set {-100 Hz, 100 Hz}

	Frequency drift
	22.5Hz/s

	Sample rate
	1.92MHz
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