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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 RAN1#90 meeting, the following conclusion on NPRACH range enhancement were made [2]:
· Regarding NPRACH false alarm rate reduction and cell range extension, companies are encouraged to explain the potential impacts of the agreed categories/alternatives on implementations.
In RAN1#92, the following conclusion on NPRACH range enhancement were made [3]:
Working assumption: 

· Sharing the same NPRACH resources as Rel-13 NPRACH formats, with symbol or symbol-group level scrambling; maintaining feasibility of FFT processing and orthogonality of preambles on different tones.

· Down-select the following alternatives at RAN1#92bis:

· Symbol level scrambling

· Symbol group scrambling

In this contribution, we provide the detailed discussion about the three alternative schemes for reduction of NPRACH false alarm probability.

2 Discussion
2.1 Inter-cell NPRACH interference strength 

Based on the analysis in [4], the inter-cell NPRACH interference strength are simulated. Figure 1 below gives the system level simulation result for inter-cell NPRACH interference strength CDF. SIR result from the system level simulation will be used to link level simulation of NPRACH FAP detection due to inter-cell NPRACH interference. 
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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 Comparison between symbol level and symbol group level scrambling

First of all, for NPRACH detection, two performance target are defined. One is false alarm rate and the other is miss detection rate. Generally the acceptable miss detection rate is 1%. The enhancement of FAP (false alarm rate) shall be conducted under the prerequisite that this 1% miss detection rate is satisfied.
Proposal 1：For NPRACH detection performance, the probability of missed detection should be <= 1%
It is known that symbol level scrambling will have impact on the orthogonality of preamble on different tones. In order to maintain feasibility of FFT processing and orthogonality of preambles on different tones, in the eNB receiver, a 5 symbol length FFT receiver has to be used. Essentially this means different FFT receiver has to be used between legacy NPRACH and the new NPRACH, it also implies that different FFT receiver has to be used for NPUSCH and the new NPRACH. It is clear that this is not desired from eNB implementation perspective. 

Another issue with this scheme is the channel duration of 5 symbol length FFT windows is 266.7us*5=1.3ms, channel variations during this period will introduce inter-carrier interference that cannot be removed. 

In RAN1#92, symbol-level pairwise scrambling was proposed in [5], the orthogonality of the remaining symbols can be maintained. However, the 3 symbol are effectively used as CP so there will be performance degradation on NPRACH detection. In short, it is not preferred to provision excessive symbol for CP just for the sake of symbol orthogonality. 

The working assumption agreed in RAN1 #92 requires that the new preamble to ‘sharing the same NPRACH resources as Rel-13 NPRACH formats’. However, when Rel-15 NPRACH with symbol level scrambling (without symbol length CP) is adjacent to legacy NPRACH, as shown in Figure 2, each legacy NPRACH’s FFT window will be interfered by Rel-15 NPRACH. 
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Figure 2：Legacy NPRACH symbol groups receiver window, while the adjacent subcarrier is allocated for Rel-15 NPRACH with symbol level scrambling
Similarly , when Rel-15 NPRACH with symbol level pairwise scrambling is adjacent to legacy NPRACH, as is shown in Figure 3, for legacy NPRACH FFT processing, the second and the fourth symbol’s FFT windows will also be interfered by Rel-15 NPRACH. 
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Figure 3：Legacy NPRACH symbol groups receiver window,while the adjacent subcarrier is allocated for Rel-15 NPRACH with symbol level pairwise scrambling
Observation 1:Rel-15 NPRACH with symbol level scrambling will cause strongly interference to legacy NPRACH.

The other choice is symbol group level based scrambling, which can maintain orthogonality of preambles on different tones. Since the length of the symbol group is 1.4ms or 1.6ms, the auto-correlation property will be degraded as the length of the scrambling code increases. Therefore, length 2 or 4 scrambling code are preferred.
In Table 2, the performance of one length 2 scrambling sequence set {1 1;1 -1;1 j;1 -j} is simulated, and the simulation parameters are list in Appendix. The scrambling code is applied to two adjacent symbol group at one time. 

Table 2：NPRACH FAP simulation result under different interference strength

	SIR (dB)
	Probability of missed detection, FAP

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

	-1.89
	1%，0.1%
	1%，23.6%
	1%，23.9%
	1%，77.5%

	2.41
	1%，0.1%
	1%，0.8%
	1%，22.5%
	1%，63.1%

	6.37
	1%，<0.1%
	1%，0.3%
	1%，12.9%
	1%，40.2%

	11.12
	1%，<0.1%
	1%，<0.1%
	1%，2.8%
	1%，18.4%

	19.29
	1%，<0.1%
	1%，<0.1%
	1%，<0.1%
	1%，<0.1%


From the above table we have the following observation:

Observation 2：For small overlapping ratio, scrambling code can effectively reduce FAP while maintaining 1% miss detection rate. 

Observation 3：For large overlapping ratio, the effectiveness of scrambling code reduces.
Proposal 2： Symbol group level scrambling code shall be used for NPRACH reliability enhancement.

Based on the above analysis, it is suggested that length 2 scrambling code {1 1;1 -1;1 j;1 -j} is adopted. 
Proposal 3：It is suggested that that length 2 scrambling code {1 1;1 -1;1 j;1 -j} is adopted
3 Conclusions

In this contribution, we have discussed the issue of NPRACH reliability enhancement  for NB-IoT. We make the following proposals:

Observation 1:Rel-15 NPRACH with symbol level scrambling will cause strongly interference to legacy NPRACH.

Observation 2：For small overlapping ratio, scrambling code can effectively reduce FAP while maintaining 1% miss detection rate. 

Observation 3：For large overlapping ratio, the effectiveness of scrambling code will reduce.

Proposal 1：For NPRACH detection performance, the probability of missed detection should be <= 1%
Proposal 2： Symbol group level scrambling code shall be used for NPRACH reliability enhancement.

 Proposal 3：It is suggested that that length 2 scrambling code {1 1;1 -1;1 j;1 -j} is adopted
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Appendix：NPRACH link level simulation assumptions

Table A1:NPRACH simulation parameters

	Parameter
	Value

	Channel model
	TU

	Doppler spread
	1 Hz

	Antenna configuration
	1 Tx; 2 Rx

	Cell size
	35 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

	SNR
	6.1dB

	Repetition Times
	8
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