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1 Introduction
In RAN #77 meeting, revised WID RP-172063 on Further NB-IoT enhancements was adopted [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#92bis, the following conclusion on NPRACH reliability enhancement were made [2]:
Confirm the following working assumption made in RAN1#92 with the Note.

· 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 on the two alternative schemes for NPRACH reliability enhancement.

2 Discussion
· Alt 1: symbol level scrambling

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. 

Observation 1: Symbol level scrambling will cause a significant increase in computational complexity for NPRACH detection in eNB. 

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

In RAN1#92, symbol-level pairwise scrambling was proposed in [3], 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 consume excessive symbols for CP just for the sake of symbol orthogonality. 

Observation 2: Nearly 50% of number of symbols in symbol group will be treated as CP for symbol level pairwise scrambling.

The agreement in RAN1 #92bis 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 is adjacent to legacy NPRACH, as shown in Figure 1, each legacy NPRACH’s FFT window will be interfered by Rel-15 NPRACH. 
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Figure 1: 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 2, 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 2: Legacy NPRACH symbol groups receiver window, while the adjacent subcarrier is allocated for Rel-15 NPRACH with symbol level pairwise scrambling
Observation 3: Rel-15 NPRACH with symbol level scrambling will cause strongly interference to legacy NPRACH.

Proposal 1: Symbol level scrambling code is not suitable for NPRACH reliability enhancement.
· Alt 2: Symbol group level scrambling
The other alternative is symbol group level based scrambling, which can maintain orthogonality of preambles on different tones. Since the length of the symbol group is 1.4 ms or 1.6ms, the auto-correlation property will be degraded as the length of the scrambling code increases. Therefore, length-2 scrambling code is preferred.

When the length-2 scrambling code is enabled, the expression of the received signal in symbol group n is described in formula (1):  
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Wherein, 
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is the received signal in symbol group n; 
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is the received signal of Target UE in symbol group n; 
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is the received signal of Interference UE in symbol group n; 
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is the subcarrier index of symbol group n; 
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is the differentiation of time delay between target UE and interference UE arriving at target cell. It is difficult to estimate 
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before coherent combination.

At the receiver of target cell, coherent combination result of scrambling code is described in formula (2):


[image: image10.wmf]å

å

=

D

-

=

D

-

+

=

+

=

1

0

2

*

*

1

0

2

2

2

)

(

n

T

N

k

j

n

n

n

n

T

N

k

j

n

n

SGs

FFT

n

FFT

n

e

S

I

S

e

I

S

Corr

p

p

  (2)

From formula (2), it can be observed that the coherent combination result,
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, wherein, 
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is the cross correlation result for different scrambling codes. 

For a cell with radius of 35 km, the value range of 
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 is [0, 1], and we can have the following observations:

· The orthogonality of the length-2 scrambling code can be kept when 
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 is very closer to 0, and the scrambling code can effectively reduce FAP. 

· When 
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is in the range of (0, 1), the orthogonality of the length-2 scrambling code becomes worse as 
[image: image19.wmf]D

grows, and the scrambling code can not effectively reduce FAP. 

· In the worst situation that 
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 is closer to 1, the performance of FAP will fall back to the same as Rel-13 NRPACH, and the scrambling code has no improvement on FAP.

Observation 4: For a cell with large radius (e.g. 35 km), in the worst situation, the FAP performance of length-2 scrambling code will fall back to the same as legacy NRPACH and has no improvement on FAP.

For a cell with much smaller radius than 35 km, the maximum value of 
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, thus the orthogonality of the length-2 scrambling code can always be kept. Therefore, the scrambling code can effectively reduce FAP.

In Table 1, the performance of length-2 scrambling sequence set {1 1; 1 -1; 1 j; 1 -j} has been simulated, where the scrambling code is applied to two adjacent symbol groups at one time and the cell radius in the simulation is 35 km., Note that if the cell radius in the simulation is much smaller than 35km, the performance of FAP will be much better than the result shown in Table 1.
Table 1: NPRACH FAP simulation results
	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%


Observation 5: For a cell with much smaller radius than 35 km, the length-2 scrambling code can effectively reduce FAP.

Proposal 2: Length-2 symbol group level scrambling code could be used for NPRACH reliability enhancement.
3 Conclusions

In this contribution, we have discussed the remaining issues of NPRACH reliability enhancement for NB-IoT. We make the following observations and proposals:
Observation 1: Symbol level scrambling will cause a significant increase in computational complexity for NPRACH detection in eNB. 

Observation 2: Nearly 50% of number of symbols in symbol group will be treated as CP for symbol level pairwise scrambling.

Observation 3: Rel-15 NPRACH with symbol level scrambling will cause strongly interference to legacy NPRACH.

Observation 4: For a cell with large radius (e.g. 35 km), in the worst situation, the FAP performance of length-2 scrambling code will fall back to the same as legacy NRPACH and has no improvement on FAP.

Observation 5: For a cell with much smaller radius than 35 km, the length-2 scrambling code can effectively reduce FAP.

Proposal 1: Symbol level scrambling code is not suitable for NPRACH reliability enhancement.
Proposal 2: Length-2 symbol group level scrambling code could be used for NPRACH reliability enhancement.
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