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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 range enhancements for NB-IoT.
2 Supporting larger cell radius for NPRACH
Based on the requirement in [1], cell radius of at least 100km should be supported. Currently, NPRACH use a single tone design with 2 levels of sub-carrier hopping within each 4 symbol groups and random hopping between two adjacent 4 symbol groups. Different repetitions are used to improve performance for different coverage enhancement levels. With current parameter settings, the cell radius is limited to 40km. To support at least 100km cell radius, the required RTD is larger than 667us. For 3.75kHz subcarrier length with symbol duration of 266.7us, at least 3 symbols are needed. 
The most straight forward extension is shown in figure 1. For a total of 6 symbols, two more symbols are configured as CP with 3 symbols for NPRACH preamble sequence.
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Figure 1:Symbol group structure with extended CP
To analysis the impact on eNB timing estimation, we adopt the correlation based detection algorithm. With 2-step hopping based scheme, the TA estimation is based on the following expression.
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For the first level hopping, 
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 there are three possible values for 
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, corresponding to three timing estimation values，which is separated by 
[image: image9.wmf]FFT

N

*Ts。Evidently this will cause significant TA error and degrade NPRACH performance. TA estimation error under TU 1Hz channel is shown in the figure 2, with the detailed simulation parameter in the appendix. It is observed that relative large TA estimation error existed with the above coarse estimation. 
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Figure 2: TA estimation result for traditional detection method
To improve TA estimation, algorithm with several iteration of estimation targeting specific hopping pattern has been evaluated. Figure 3 below shows the results in TU 1Hz channel. It is observed the requirement in TS36.104 (-3.645us，+3.645us) has not been achieved.
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Figure 3: TA estimation result for optimized detection method
To meet the requirement of targeted TA estimation accuracy in TS 36.104, improved hopping pattern and larger symbol group number may be used. As shown in figure 4, one NPRACH band consisting of 12 subcarriers is divided into 12 NPRACH channels (CH0~CH11), this could be grouped into two subgroup A and B, with CH0~CH5 for subgroup A and CH6~CH11 for subgroup B. In this way, the preamble consisting of 8 symbol groups. The two adjacent 4 symbol groups are configured in the same subgroup, with channel index randomly chosen. 
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Figure 4: Enhanced NPRACH structure 
Simulation result is shown in figure 5, with detailed parameters given in the appendix. It is observed that with this modification the targeted TA estimation accuracy defined in TS 36.104 (-3.645us，+3.645us) can be achieved.
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Figure 5: TA estimation result for further optimized detection method

Additionally, new NPRACH symbol group structure can be considered to further suppress inter-cell NPRACH interference. For example, instead of all ‘1’ sequence, preconfigured sequence can be used. As shown in figure 6, one symbol group consists of 22 symbol of subcarrier spacing 3750Hz, with the first two symbols as CP and the remaining carry 19 length ZC sequence. This configuration use ZC sequence as preamble sequence and can support CDM multiplexing and inter-cell interference can be effectively suppressed. 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.
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Figure 6: New NPRACH symbol group structure
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Figure 7: TA estimation result for new NPRACH symbol group structure
Figure 7 shows the performance of the above structure. It is  shown that the new NPRACH symbol group structure has much better TA estimation performance.
Proposal 1:  Consider the following two candidates to support 100km cell radius

· 8 symbol groups based NPRACH structure with extended CP and modified hopping pattern 

· Preconfigured preamble sequence based NPRACH structure  
3 Conclusions
In this contribution, we make the following observation and proposals:
Proposal 1:  Consider the following two candidates to support 100km cell radius

· 8 symbol groups based NPRACH structure with extended CP and modified hopping pattern 

· Preconfigured preamble sequence based NPRACH structure  
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Appendix：NPRACH simulation assumptions

Table A1: NPRACH 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 A2: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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