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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 meeting, the following conclusion on NPRACH range enhancement were made [2]:
· Configurable NPRACH bandwidth is integer multiple of 45 kHz. 
· For Rel-15 UEs, in case NPUSCH transmission collides with any configured NPRACH resources in the cell, the NPUSCH transmission is postponed.
· For one NPRACH symbol group for subcarrier spacing of 1.25 kHz, one NPRACH symbol group consists of CP+3 Symbols

· FFS the number of symbol groups per NPRACH preamble repetition.
· For frequency hopping within one NPRACH preamble, down-select the following alternatives at RAN1#93 meeting

· Alt 1: 2-level  -/+ 1.25 kHz -/+ 22.5 kHz

· Alt. 2: 3-level -/+ 1.25 kHz -/+ 3.75 kHz 22.5 kHz
· Specification supports that the new NPRACH format resources can be configured to overlap or not overlap with the NPRACH resources of Rel-13/Rel-14.

In this contribution, we discuss the two alternative solutions for NPRACH range enhancements.

2 Discussions

For single-tone NPRACH preamble, the differentiation of phase rotation between two symbol groups is used to do TA estimation. Considering the time variation of fading channel, the channel characteristic for the two symbol groups is not constant, and additional phase rotation is introduced when differentiation of phase rotation between two symbol groups is used to do TA estimation.

In order to increase the accuracy of TA estimation, we need to minimize the effect of the additional phase rotation. Thus, the two symbol groups of one hopping level should be consecutive in time domain.

Proposal 1: The two symbol groups of one hopping level should be consecutive in time domain.

· Alt 1
For Alt 1, a simple NPRACH preamble structure with 5 symbol groups is shown in Figure 1. The bandwidth of NPRACH is 45 kHz with 36 NPRACH subcarriers of 1.25 kHz.
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Figure 1: An example of Alt 1

For Alt 1, one issue is that the hopping distance of the second hopping level is too large (36 * 1.25 kHz). This will cause many fake peak during TA estimation and affect the performance, as is shown in Figure 2. Multi-stage estimation may improve the situation, but it will increase the receiver complexity.
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Figure 2: TA error distribution for Alt 1
Observation 1:  Alt 1 with 5 symbol groups cannot meet the TA detection requirement in TS36.104 (-3.645 us，+3.645 us).

To improve the TA estimation performance of Alt 1, an enhanced scheme of Alt 1 that the NPRACH preamble consists of 7 symbols groups can be considered as shown in Figure 3, wherein, +1.25 kHz hopping distance is used for the hopping of symbol group 0, 1, 2 while -1.25 kHz hopping distance is used for the hopping of symbol group 2, 3, 4; and +22.5 kHz hopping distance is used for the hopping between symbol group 4, 5 while -22.5 kHz hopping distance is used for the hopping between symbol group 5, 6.


[image: image3.emf]0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

SG 0

Tone index

SG 1 SG 2 SG 3 SG 4 SG 5 SG 6


Figure 3: An example of enhanced scheme of Alt 1

TA estimation performance for enhanced scheme of Alt 1 is shown in Table 1. It is noted that RFO in Table 1 is the Residual Frequency offset after the frequency Offset compensation at receiver. It can be observed that enhanced scheme of Alt 1 can meet the TA detection requirement in TS36.104 (-3.645 us，+3.645 us).
Table 1: TA estimation result for enhanced scheme of Alt 1
	Probability of TA estimation error within 

[-7*16Ts, 7*16Ts][Note 1]
	Residual Frequency Offset(RFO)
(Hz)
	Required SNR

(dB)

	99%
	0
	19.5

	99%
	30
	20.2

	99%
	50
	20.8

	Note 1: Ts =32.55 ns, 36.104 Preamble detection requirement is used.


Observation 2:  Enhanced scheme of Alt 1 with 7 symbol groups can meet the TA detection requirement in TS36.104 (-3.645 us，+3.645 us).
· Alt2
For Alt 2, a simple NPRACH preamble structure with 6 symbol groups is shown in Figure 4. The bandwidth of NPRACH is 45 kHz with 36 NPRACH subcarriers of 1.25 kHz.
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Figure 4: An example of Alt 2

For Alt 2, the TA detection performance is seriously affected by CFO. When residue CFO is around 30 Hz, the design’s performance degrades so much that it stops working. A closer look at the performance of Alt 2 with residue CFO=30 Hz is shown in Figure 5, where TA detection performance is compared for each level of hopping. It can be observed that both 1st and 2nd level hopping have the pairwise pattern to cancel CFO, the performance is not affected. The 2nd level hopping provide finer estimation with larger hopping distance, therefore overall performance improves with the 2nd level hopping. However, since the 3rd level hopping is serious affected by residue CFO, the performance actually degrades with the 3rd level hopping.
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Figure 5: TA error distribution for Alt 2
Observation 3: TA detection performance of Alt 2 is seriously affected by Residual CFO.

According to the agreement in RAN1 #92b, the 3rd level hopping includes only positive 22.5 kHz for Alt 2. As shown in Figure 4, only half of the NPRACH resource can be used for preamble transmission within NPRACH bandwidth of 45 kHz. It can be observed that the NPRACH resource efficiency is significantly reduced comparing to Alt 1.
Observation 4: Due to only +22.5 kHz frequency hopping is supported for Alt 2, NPRACH resource efficiency of Alt 2 is significantly reduced comparing to Alt 1.
Proposal 2: Two-level hopping is used for frequency hopping within one NPRACH preamble which consists of 7 symbol groups.
·  +1.25 kHz hopping distance is used for the hopping of symbol group 0, 1 and 2;

· -1.25 kHz hopping distance is used for the hopping of symbol group 2, 3 and 4;

· +22.5 kHz hopping distance is used for the hopping between symbol group 4 and 5;

· -22.5 kHz hopping distance is used for the hopping between symbol group 5 and 6.

3 Conclusions

In this contribution, we make the following observation and proposals:

Observation 1:  Alt 1 with 5 symbol groups cannot meet the TA detection requirement in TS36.104 (-3.645 us，+3.645 us).

Observation 2:  Enhanced scheme of Alt 1 with 7 symbol groups can meet the TA detection requirement in TS36.104 (-3.645 us，+3.645 us).
Observation 3: TA detection performance of Alt 2 is seriously affected by Residual CFO.

Observation 4: Due to only +22.5 kHz frequency hopping is supported for Alt 2, NPRACH resource efficiency of Alt 2 is significantly reduced comparing to Alt 1.

Proposal 1: The two symbol groups of one hopping level should be consecutive in time domain.

Proposal 2: Two-level hopping is used for frequency hopping within one NPRACH preamble which consists of 7 symbol groups.
·  +1.25 kHz hopping distance is used for the hopping of symbol group 0, 1 and 2;

· -1.25 kHz hopping distance is used for the hopping of symbol group 2, 3 and 4;

· +22.5 kHz hopping distance is used for the hopping between symbol group 4 and 5;

· -22.5 kHz hopping distance is used for the hopping between symbol group 5 and 6.
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