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Introduction
[bookmark: _Ref178064866]The objective of the work item on further enhanced NB-IoT is to introduce further support of enhanced features for NB-IoT, supporting standalone, guard-band, and in-band operation modes. One objective is to study NPRACH reliability and range enhancements as listed below.

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#89, the following agreements were made. 
1. To support of cell range of at least 100 km, FFS between:
0. Cat 1: Rel-13 NPRACH
0. Cat 2: 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
0. CP length FFS between same as or longer than Rel-13 formats
0. Cat 3: New NPRACH numerology with CP length FFS between same as or longer than Rel-13 formats
Option A: 1.25 kHz subcarrier spacing with minimum hop distance of 1.25 kHz
Option B: 3.75 kHz subcarrier spacing with minimum hop distance 1.25 kHz
Option C: 3.75 kHz subcarrier spacing with minimum hop distance 3.75 kHz with new hopping pattern
0. Combinations of Category 2 and Category 3 solutions are not precluded
In this contribution, we present our views on the design options for Rel-15 NPRACH enhancements for the support of cell radius of at least 100 km. This is a resubmission of R1-1717017 that was submitted to RAN1#90bis.
Discussion
Cat 1: Rel-13 NPRACH
Rel-13 NPRACH is a single subcarrier waveform of 3.75kHz with frequency hopping [1]. The basic unit of NPRACH preamble is symbol group that consists of a CP and 5 repetitive OFDM symbols. With 5 repetitive OFDM symbols in a symbol group, the relative CP overhead is reduced while maintaining the orthogonality of NPRACH preambles transmitted on different subcarriers. Two CP lengths, 66.7 us and 266.7 us, are defined [1]. The 266.7 us CP length equals the maximum round-trip delay of cells with radius up to 40 km. Therefore, the CP with 266.7 us length can support the maximum cell radius of 35 km required in the GERAN study item [2]. To reduce CP overhead and improve spectral efficiency for smaller cell sizes, the CP length of 66.7 us, equalling the maximum round-trip delay of cells with radius up to 10 km, was also introduced. 
Though the nominal longest CP length of NPRACH equals the maximum round-trip delay of cells with radius only up to 40 km, the special structure of NPRACH design can be exploited to support larger cells with radius of at least 100 km. Using the 266.7 us CP length as an example, Figure 1 gives an illustration of how eNB in a cell with 100 km radius may process NPRACH. Specifically, the eNB of a cell with 100 km radius may treat the nominal CP plus the first 2 symbols in the symbol group as an equivalent CP. The length of the equivalent CP is 800 us and equals the maximum round-trip delay of cells with radius up to 120 km.
With 2 more symbols treated as part of the equivalent CP, there is a processing loss of 2 symbols per symbol group. This loss may be compensated by configuring a higher number of repetitions for NPRACH to achieve the same MCL and detection performance. 
The eNB shall also estimate the time of arrival with the received NPRACH preamble. To facilitate uplink timing estimation at the eNB, a special hopping pattern is used in NPRACH. The hopping pattern of NPRACH consists of both inner layer fixed size hopping and outer layer pseudo-random hopping. Outer layer pseudo-random hopping is applied between groups of 4 symbol groups. Inner layer fixed size hopping is applied within every 4 symbol groups: a single-subcarrier hopping is used between the first and the second and between the third and the fourth symbol groups, while a six-subcarrier hopping is used between the second and the third symbol groups. The NPRACH is never hopping across more than 12 sub-carriers.
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[bookmark: _Ref477228708]Figure 1: An illustration of NPRACH processing for supporting cell radius of at least 100 km with 266.7 us nominal CP
With frequency hopping, the time of arrival may be estimated by processing the phases of the received NPRACH symbol groups. The phase difference of two received symbol groups caused by frequency hopping is prone to a 2*Pi phase ambiguity, which may cause confusion in the time-of-arrival estimation. The minimum step size of frequency hopping in NPRACH is one subcarrier of 3.75 kHz, which avoids phase ambiguity if the uplink timing uncertainty is within 266.7 us (= 1/3.75 kHz). 
Treating the nominal CP plus the first 2 symbols as an equivalent CP, the eNB of a cell with 100 km radius may face 3 phase ambiguities. For example, suppose that a UE is located at 60 km away from the eNB. The phase difference of two symbol groups is the same for 20 km distance, 60 km distance, and 100 km distance. In other words, by processing the phase information of the received NPRACH symbols, there exist 3 hypotheses of the time of arrival. On possible approach to determining the final time of arrival estimate may go as follows: the eNB performs 3 time correlations based on the 3 hypotheses and chooses the hypothesis that yields the largest correlation value as the final estimate of the time of arrival. 
In the Appendix, we show NPRACH time of arrival estimation performance with 100 km cell radius. In the simulation, we treat the nominal CP plus the first 2 symbols in each symbol group as an equivalent CP, and resolve the phase ambiguities using the approach described above. The simulation results show that the existing NPRACH design can be used to support cells with radius of at least 100 km.
Though Rel-13 NPRACH can be used for the support of cell range of at least 100 km, as pointed out in our companion contribution [3] that there is room to improve the NPRACH false detection robustness in case of highly loaded asynchronous networks where NPRACH resources may be overlapping in time and frequency. Category 2 and Category 3 solutions are also candidates for improving false detection robustness and thus can be considered.
[bookmark: _Toc481300665][bookmark: _Toc494360793]Though the longest nominal CP length in NPRACH is 266.7 us, eNB may treat the nominal CP plus the first 2 symbols in the symbol group as an equivalent CP with length of 800 us.
[bookmark: _Toc481300666][bookmark: _Toc494360794]Existing NPRACH design can be used to support cells with radius of at least 100 km.
[bookmark: _Toc485129939][bookmark: _Toc485210115][bookmark: _Toc485211489][bookmark: _Toc485212974][bookmark: _Toc485305044][bookmark: _Toc485305758][bookmark: _Toc485306233][bookmark: _Toc485306790][bookmark: _Toc485307738][bookmark: _Toc488046775][bookmark: _Toc488046798][bookmark: _Toc488046834][bookmark: _Toc488046873][bookmark: _Toc488047346][bookmark: _Toc488048932][bookmark: _Toc488049012][bookmark: _Toc490199809][bookmark: _Toc494360239][bookmark: _Toc494360799]Rel-13 NPRACH can be used for the support of cell radius of at least 100 km.
Cat-2: Scrambling while considering back forward compatibility
As illustrated in Figure 2, a Rel-13 NPRACH symbol group consists of a CP and 5 repetitive OFDM symbols. Every symbol takes a constant value “1”. The samples into FFT at the eNB for the first symbol can come from the CP portion and the first portion of the 1st symbol. The samples into FFT for the second symbol can come from the last portion of the 1st symbol (which effectively acts as CP) and the first portion of the 2nd symbol, etc. After FFT processing, the receiver can correctly obtain a sequence of symbols in the frequency domain. Then time-of-arrival (ToA) can be estimated by processing the phases of the sequence of symbols. See e.g. [4][5] for the description of design rationales and receiver processing for NPRACH. 
[image: ]
[bookmark: _Ref481587551]Figure 2: Rel-13 NPRACH symbol group
If Rel-13 NPRACH is scrambled arbitrarily, the receiver FFT processing may become impossible and the ToA cannot be estimated by processing the phases of the sequence of symbols in frequency domain. This is illustrated in Figure 3, where X1, X2, X3, X4, X5 are not necessarily the same. Then the inputs to the receiver FFT processing are not correct. For example, the samples into FFT for the second symbol can come from the last portion of the 1st symbol, X1 (which cannot act as CP), and the first portion of the 2nd symbol, X2. After FFT processing, the eNB cannot correctly obtain a sequence of symbols in the frequency domain. Accordingly, the ToA cannot be estimated by processing the phases of the sequence of symbols.
[image: ]
[bookmark: _Ref481588954]Figure 3: Rel-13 NPRACH symbol group scrambled arbitrarily
The other issue is loss of orthogonality of preamble transmissions on different subcarriers if Rel-13 NPRACH is scrambled arbitrarily. This is illustrated in Figure 4. On tone f1, the scrambled symbols are (X11, X12, X13, X14, X15). On tone f2, the scrambled symbols are (X21, X22, X23, X24, X25). Take the 2nd received symbols on tone f1 for example. The energy contribution from tone f2 appearing on tone f1 is not negligible if X21X22 since:


[image: ]
[bookmark: _Ref481589807]Figure 4: Loss of orthogonality if Rel-13 NPRACH symbol groups are scrambled arbitrarily
Figure 5 makes an attempt to quantify the level of loss of orthogonality in case of a Release 13 UEs shareing the same NPRACH resource with Release 15 UEs. The figure shows the detected preamble power over 48 subcarrier under the assumptions that:
· A Release 13 UE attempts to access on subcarrier 10.
· A new UE using a QPSK based symbol level scrambling pattern attempts to access on subcarrier 38.
· Fading conditions are static
· Both UEs are arriving with the same power and a timing delay of 133 us.
· The receiver uses a symbol by symbol receiver illustrated in Figure 2.
While the Release 13 preamble is perfectly received with only energy detected in subcarrier 10 a significant leakage is observed around subcarrier 38. To quantify the level of the leakage the TS 36.101 inband transmission emission mask, which restricts the power leakage at the UE transmitter side, is depicted in the figure.  It is seen that the leakage is considerable higher than what is suggested by the inband emission mask, and may increase the false detections likelihood.
[image: ]
[bookmark: _Ref486260005]Figure 5: Illustrating loss of orthogonality when mixing Release 13 preambles with preambles using symbol level scrambling.
To maintain the feasibility of FFT processing at the receiver and the orthogonality of preambles on different tones, one scrambling option is illustrated in Figure 6. For ease of discussion, we call the nominal CP as a symbol as well, and label the symbols in a group as 0, 1, 2, 3, 4, 5. In Figure 6, the same scrambling symbol is applied to every two adjacent symbols. Then symbol 0 can effectively act as CP for symbol 1, symbol 2 can effectively act as CP for symbol 3, and symbol 4 can effectively act as CP for symbol 5. Accordingly, the FFT operations can be applied to symbols 1, 3, 5. Then symbols 1, 3, 5 can be descrambled in frequency domain, followed by processing of the phases of the symbols to obtain ToA estimate. Further, there is no inter subcarrier interference for symbols 1, 3, 5, and thus orthogonality is maintained for symbols 1, 3, 5.
However, the observations in the previous paragraph are valid up to a cell radius of 40 km. The orthogonality would be lost if the cell radius is 100 km since the ToA range is larger than the effective CP offered by the scrambling in Figure 6. 

[image: ]
[bookmark: _Ref481590988]Figure 6: Rel-13 NPRACH symbol group scrambled carefully.
[bookmark: _Toc494360795]Pairwise scrambling illustrated in Figure 6 maintains the feasibility of FFT processing and orthogonality of preambles on different tones.
Cat-3: New NPRACH numerology
If a new NPRACH numerology must be introduced, it is essential that the minimum hop distance is reduced, and thus Option C, 3.75 kHz subcarrier spacing with minimum hop distance 3.75 kHz with new hopping pattern, does not solve the issue in the root.
Both Option A and Option B can help solve the phase ambiguity for the support of cell radius of at least 100 km, since the minimum hop distance is 1.25 kHz. However, there is an impact on eNB complexity since the FFT operation needs to be carried out on a 3x finer grid than Rel-13 NPRACH with the minimum hop distance of 3.75 kHz.
Option B keeps the existing 3.75 kHz subcarrier spacing but reduces the minimum hop distance to 1.25 kHz. Viewing the design in a FFT grid with 1.25 kHz subcarrier spacing, Option B does not utilize all the available subcarriers and thus is not spectrally efficient.
Therefore, if a new NPRACH numerology must be introduced in Rel-15, we prefer Option A in Cat-3: 1.25 kHz subcarrier spacing with minimum hop distance of 1.25 kHz. With a CP length of 800 us, the length of 1 CP + 3 symbols equals 3.2 ms, which is equal to the length of 2 symbol groups in Rel-13 NPRACH with a CP length of 266.7 us. Therefore, it is good to use symbol structure of 1 CP + 3 symbols for the new NPRACH numerology with 1.25 kHz subcarrier spacing. With 1 CP + 3 symbols, there are 4 “symbols” and thus pairwise scrambling in Figure 6 can be applied to reduce false alarm. 
The smallest NPRACH band in legacy NPRACH consists of 12 subcarriers with 3.75 kHz subcarrier spacing. With 1.25 kHz subcarrier spacing, the smallest NPRACH band can consist of 36 subcarriers for better backward compatibility.
As for the frequency hopping hoping design, we suggest reusing the design principle of legacy NPRACH. The hopping can consist of both inner layer fixed size hopping and outer layer pseudo-random hopping. The outer layer pseudo-random hopping can be the same as Rel-14 NPRACH, with the relaxation that pseudo-random hopping can be larger than 45 kHz. In other words, the range of the outer layer pseudo-random hopping can scale with the number of configured NPRACH subcarriers.
· The range of the outer layer pseudo-random hopping is 36 subcarriers if the configured NPRACH band consists of 36 subcarriers of 1.25 kHz subcarrier spacing.
· The range of the outer layer pseudo-random hopping is 72 subcarriers if the configured NPRACH band consists of 72 subcarriers of 1.25 kHz subcarrier spacing.
· The range of the outer layer pseudo-random hopping is 108 subcarriers if the configured NPRACH band consists of 108 subcarriers of 1.25 kHz subcarrier spacing.
· The range of the outer layer pseudo-random hopping is 144 subcarriers if the configured NPRACH band consists of 144 subcarriers of 1.25 kHz subcarrier spacing.
The relaxation of the range of pseudo-random hopping can increase timing resolution, which may be helpful for e.g. improving positioning accuracy in uplink based positioning.
For the inner layer hopping in a NPRACH repetition unit, we first need to determine the number of symbol groups in the repetition unit. With a symbol group of 1 CP + 3 symbols that has a length of 3.2 ms, 5 symbol groups have a total length of 16 ms, occupying 16 subframes. The inner layer hopping can reuse legacy NPRACH inner layer hopping, as illustrated in Figure 7. The 1-tone hopping between Group 1 and Group 2 and the 1-tone hopping between Group 3 and Group 4 constitute a pair with reversed hopping direction.  The 18-tone hopping between Group 2 and Group 3 and the 18-tone hopping between Group 4 and Group 5 constitute a pair with reversed hopping direction.   
[image: ]
[bookmark: _Ref485305365]Figure 7: New NPRACH numerology with 1.25 kHz subcarrier spacing
With 1.25 kHz subcarrier spacing, the smallest NPRACH band is proposed to consist of 36 subcarriers for better backward compatibility. This implies that even in a cell with a single user the NPRACH may occupy a significant amount of the resources, especially if that user has latency requirements since this requires a short NPRACH periodicity. Therefore, it is beneficial to allow finer FDM across cells with the same NPRACH band consisting of 36 subcarriers. Finer NPRACH FDM will also be a useful tool to reduce false alarm.
With a similar dimensioning as Rel-13 NPRACH, each cell may be restricted to use only 12 preambles in the NPRACH band consisting of 36 subcarriers. Two FDM options may be considered.
· Option A
· Cell 0 uses preambles 0-11 (starting tone indices ranging from 0-11)
· Cell 1 uses preambles 12-23 (starting tone indices ranging from 12-23)
· Cell 2 uses preambles 24-35 (starting tone indices ranging from 24-35)
· Option B
· Cell 0 uses preambles 0, 3, 6, …, 33 (starting tone indices being 0, 3, 6, …, 32)
· Cell 1 uses preambles 1, 4, 7, …, 34 (starting tone indices being 1, 4, 7, …, 34)
· Cell 2 uses preambles 2, 5, 8, …, 35 (starting tone indices being 2, 5, 8, …, 35)
FDM Option B is more robust to intra-cell leakage because preambles are separated further in the frequency domain. Which set of the 3 sets of preambles to be used in a cell can be either tied to cell ID or signalled as part of NPRACH configuration parameters.
[bookmark: _Toc494360796]Option C in Cat-3 does not solve the phase ambiguity issue for the support of cell radius of at least 100 km.
[bookmark: _Toc494360797]With Option A or Option B in Cat-3, eNB complexity is increased since the FFT operation needs to be carried out on a 3x finer grid.
[bookmark: _Toc494360798]Option B in Cat-3 does not utilize all the available subcarriers and thus is not spectrally efficient.
[bookmark: _Toc485305047][bookmark: _Toc485305761][bookmark: _Toc485306236][bookmark: _Toc485306793][bookmark: _Toc485307741][bookmark: _Toc488046776][bookmark: _Toc488046799][bookmark: _Toc488046835][bookmark: _Toc488046874][bookmark: _Toc488047347][bookmark: _Toc488048933][bookmark: _Toc488049013][bookmark: _Toc490199810][bookmark: _Toc494360240][bookmark: _Toc494360800]If a new NPRACH numerology must be introduced in Rel-15, choose Option A in Cat-3: 1.25 kHz subcarrier spacing with minimum hop distance of 1.25 kHz.
[bookmark: _Toc485305048][bookmark: _Toc485305762][bookmark: _Toc485306237][bookmark: _Toc485306794][bookmark: _Toc485307742][bookmark: _Toc488046777][bookmark: _Toc488046800][bookmark: _Toc488046836][bookmark: _Toc488046875][bookmark: _Toc488047348][bookmark: _Toc488048934][bookmark: _Toc488049014][bookmark: _Toc490199811][bookmark: _Toc494360241][bookmark: _Toc494360801]If a new NPRACH numerology must be introduced in Rel-15, with 1.25 kHz subcarrier spacing, a NPRACH symbol group consists of 1 CP + 3 symbols.
[bookmark: _Toc485305049][bookmark: _Toc485305763][bookmark: _Toc485306238][bookmark: _Toc485306795][bookmark: _Toc485307743][bookmark: _Toc488046778][bookmark: _Toc488046801][bookmark: _Toc488046837][bookmark: _Toc488046876][bookmark: _Toc488047349][bookmark: _Toc488048935][bookmark: _Toc488049015][bookmark: _Toc490199812][bookmark: _Toc494360242][bookmark: _Toc494360802]If a new NPRACH numerology must be introduced in Rel-15, with 1.25 kHz subcarrier spacing, the smallest NPRACH band consists of 36 subcarriers.
[bookmark: _Toc485305050][bookmark: _Toc485305764][bookmark: _Toc485306239][bookmark: _Toc485306796][bookmark: _Toc485307744][bookmark: _Toc488046779][bookmark: _Toc488046802][bookmark: _Toc488046838][bookmark: _Toc488046877][bookmark: _Toc488047350][bookmark: _Toc488048936][bookmark: _Toc488049016][bookmark: _Toc490199813][bookmark: _Toc494360243][bookmark: _Toc494360803]If a new NPRACH numerology must be introduced in Rel-15, with 1.25 kHz subcarrier spacing, the frequency hopping pattern consists of both inner layer fixed size hopping and outer layer pseudo-random hopping.
[bookmark: _Toc485305051][bookmark: _Toc485305765][bookmark: _Toc485306240][bookmark: _Toc485306797][bookmark: _Toc485307745][bookmark: _Toc488046780][bookmark: _Toc488046803][bookmark: _Toc488046839][bookmark: _Toc488046878][bookmark: _Toc488047351][bookmark: _Toc488048937][bookmark: _Toc488049017][bookmark: _Toc490199814][bookmark: _Toc494360244][bookmark: _Toc494360804]If a new NPRACH numerology must be introduced in Rel-15, with 1.25 kHz subcarrier spacing, the range of the outer layer pseudo-random hopping can scale with the number of configured NPRACH subcarriers.
[bookmark: _Toc485305766][bookmark: _Toc485306241][bookmark: _Toc485306798][bookmark: _Toc485307746][bookmark: _Toc488046781][bookmark: _Toc488046804][bookmark: _Toc488046840][bookmark: _Toc488046879][bookmark: _Toc488047352][bookmark: _Toc488048938][bookmark: _Toc488049018][bookmark: _Toc490199815][bookmark: _Toc494360245][bookmark: _Toc494360805]If a new NPRACH numerology must be introduced in Rel-15, with 1.25 kHz subcarrier spacing, a basic NPRACH repetition unit consists of 5 symbol groups.
[bookmark: _Toc485305053][bookmark: _Toc485305767][bookmark: _Toc485306242][bookmark: _Toc485306799][bookmark: _Toc485307747][bookmark: _Toc488046782][bookmark: _Toc488046805][bookmark: _Toc488046841][bookmark: _Toc488046880][bookmark: _Toc488047353][bookmark: _Toc488048939][bookmark: _Toc488049019][bookmark: _Toc490199816][bookmark: _Toc494360246][bookmark: _Toc494360806]If a new NPRACH numerology must be introduced in Rel-15, with 1.25 kHz subcarrier spacing, adopt the hopping pattern in Figure 7 for the hopping of symbol groups within a NPRACH repetition unit.
[bookmark: _Toc488048940][bookmark: _Toc488049020][bookmark: _Toc490199817][bookmark: _Toc494360247][bookmark: _Toc494360807]If a new NPRACH numerology must be introduced in Rel-15, with 1.25 kHz subcarrier spacing and NPRACH band of minimum 36 subcarriers, finer FDM is supported.
Conclusions
In this contribution, we discuss NPRACH range support issues. We made the following observations:
Observation 1	Though the longest nominal CP length in NPRACH is 266.7 us, eNB may treat the nominal CP plus the first 2 symbols in the symbol group as an equivalent CP with length of 800 us.
Observation 2	Existing NPRACH design can be used to support cells with radius of at least 100 km.
Observation 3	Pairwise scrambling illustrated in Figure 6 maintains the feasibility of FFT processing and orthogonality of preambles on different tones.
Observation 4	Option C in Cat-3 does not solve the phase ambiguity issue for the support of cell radius of at least 100 km.
Observation 5	With Option A or Option B in Cat-3, eNB complexity is increased since the FFT operation needs to be carried out on a 3x finer grid.
Observation 6	Option B in Cat-3 does not utilize all the available subcarriers and thus is not spectrally efficient.

Based on the discussion in this contribution, we propose the following:
Proposal 1	Rel-13 NPRACH can be used for the support of cell radius of at least 100 km.
Proposal 2	If a new NPRACH numerology must be introduced in Rel-15, choose Option A in Cat-3: 1.25 kHz subcarrier spacing with minimum hop distance of 1.25 kHz.
Proposal 3	If a new NPRACH numerology must be introduced in Rel-15, with 1.25 kHz subcarrier spacing, a NPRACH symbol group consists of 1 CP + 3 symbols.
Proposal 4	If a new NPRACH numerology must be introduced in Rel-15, with 1.25 kHz subcarrier spacing, the smallest NPRACH band consists of 36 subcarriers.
Proposal 5	If a new NPRACH numerology must be introduced in Rel-15, with 1.25 kHz subcarrier spacing, the frequency hopping pattern consists of both inner layer fixed size hopping and outer layer pseudo-random hopping.
Proposal 6	If a new NPRACH numerology must be introduced in Rel-15, with 1.25 kHz subcarrier spacing, the range of the outer layer pseudo-random hopping can scale with the number of configured NPRACH subcarriers.
Proposal 7	If a new NPRACH numerology must be introduced in Rel-15, with 1.25 kHz subcarrier spacing, a basic NPRACH repetition unit consists of 5 symbol groups.
Proposal 8	If a new NPRACH numerology must be introduced in Rel-15, with 1.25 kHz subcarrier spacing, adopt the hopping pattern in Figure 7 for the hopping of symbol groups within a NPRACH repetition unit.
Proposal 9	If a new NPRACH numerology must be introduced in Rel-15, with 1.25 kHz subcarrier spacing and NPRACH band of minimum 36 subcarriers, finer FDM is supported.
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[bookmark: _Ref477860640]Appendix
In this section, we present NPRACH time of arrival estimation performance with 100 km cell radius by treating the nominal CP plus the first 2 symbols in each symbol group as an equivalent CP. The simulation assumptions are summarized in Table 1.
[bookmark: _Ref477860780]Table 1: Simulation setup
	Parameter
	Value

	Channel model
	TU

	Doppler spread
	1 Hz

	Antenna configuration
	1 Tx; 2 Rx

	Cell radius
	100 km

	Timing uncertainty
	Uniformly drawn from [0, 800 us]. See Note 1.

	Frequency error
	Uniformly drawn from the set {-50 Hz, 50 Hz}. 

	Frequency drift
	Uniformly drawn from the set {-22.5 Hz/s, 22.5 Hz/s}.

	Note 1: 800 us is the maximum round-trip delay in the cell of radius 100 km.


[image: C:\local_data\MassiveMTC\MyDocs\RAN1_88bis\results\toa_144.png]
Figure 8: NPRACH time of arrival estimation performance with 100 km cell radius: 2 repetitions at 144 dB MCL (i.e., 14.24 dB SNR)
[image: C:\local_data\MassiveMTC\MyDocs\RAN1_88bis\results\toa_164.png]
Figure 9: NPRACH time of arrival estimation performance with 100 km cell radius: 32 repetitions at 164 dB MCL (i.e., -5.76 dB SNR)
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