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Introduction
NOMA is being studied as a technology that can overcome high requirements of 5G wireless communication, especially for spectral efficiency, cell throughput and massive connectivity. Beyond the LTE MUST, the NR NOMA considers many other signal design and processing schemes especially for the uplink and mMTC. In RAN1 #93 [1], following agreement were made for the procedure considerations for NOMA UL.
 (
Agreements
:
UL data transmission and detection procedures of Rel-15 configured grant is the starting point for NOMA study.
Different UL data transmission and detection procedures from Rel-15 configured grant for NOMA study can be considered
e.g. Preamble, DMRS, synchronization, resource (physical resource and MA signature) configuration, UE detection, HARQ retransmission and ACK/NACK feedback, link adaptation, adaptation between orthogonal and non-orthogonal multiple access, collision control, etc.
)
In this contribution, we focus on the scenario of the uplink with multiple users for the grant-free (or configured grant) transmission on URLLC. More specifically, we consider the design and related procedures on the preamble for detection of UL transmission.
Preamble for MA signature
The configured grant gives a solution for uplink transmission without requiring dynamic grant and corresponding low latency. On this scheme, some collision control methods among different users with potentials of accessing same resource are considered and some techniques like patterned repetition are adopted in NR. On the NOMA scenarios, it is expected that much more users are participated on the same resource region. In this requirement, more dedicated collision control procedure is being studied.
One of the solution about this is the insertion of the preamble during the transmission, usually in fromt. It makes gNB to detect the transmissions of specific UEs even at situation of collision by detecting the pre-defined preamble signal. Basically, the detection of preamble is expected to obtain the following information:
(1) Existence of the UL transmission
(2) The ID of UE who have transmitted
(3) Additional information of the TB such that allocated resources (optional)
To provide (1), the preamble must be transmitted using the appointed resource and sequence. To provide (2), multiple ‘different’ sequences or resource patterns need to be supported. Even more ‘different’ sequences or resource patterns is required to support (3).
The mean of ‘difference’ usually indicated by the correlation of two sequences. Two different random-like sequences like DMRS or ordinary data signal shows correlation value as Gaussian-like, while some theoretically constructed sequences show lower maximum. In both PRNG-based and theoretically constructed sequence, the ‘difference’ is proportional with the length of the sequence, or the amount of occupied resource region by the preamble. Since the power increases as square with the increasing of the sequence length, we can successfully assume that using longer sequences with lower cross-correlation results high detection performance, in other words, low detection failure probability.
Consequently, the preamble sequence requires large set size and low correlation property among the members of the set of preamble candidates. Some perfect sequences like ZC (Zadoff-Chu) shows zero cross-correlation with the set of its cyclic-shifts, that is, interference-free is possible. On the other hand, the size of the set is at most same with the length of the sequence that can be regarded as relatively small.
The detection failure of preamble can be caused by noise, channel circumstance, and interference of another UE transmission signals. The interference level is determined by their correlation, so we can successfully assume that using preamble with low correlation property can enhance the detection performance for the same channel.
Observation of detection failure probability
We give some simulation results for the detection performance of various circumstances. The basic parameters are as follows:
·  as the number of UEs sharing the same resources to make their configured-grant UL transmissions.
·  as the length of the sequences for preamble represented as the number of occupied REs.
·  as the set of the sequences for preamble candidate, and  with positive integer  are subsets of .
·  as the correlation value of two different sequences in the set ,  as the correlation value of two different sequences in the set  for some , and  as the correlation value of two sequences from the sets  and  for some . Note that ,  and  can be defined as a value or a probability distribution function.
·  as the probability that some UE starts its UL transmission of configured grant at certain time.
·  as the received power of the preamble.
·  as the received power of the DMRS, used if the preamble and DMRS are independent.
·  as the received power of the data, with the average value of each RE.
·  as the AWGN power added to each RE.
The parameters ,  determine the total power of the preamble, and the parameters , , , ,  determine the interference level caused by collision of other UEs. For the simplicity, we do not use independent DMRS, that is, we assume to use DMRS as its preamble.
The followings are some assumptions on the simulation.
· Each UE uses the whole configured BWP for its transmission to make time occupancy as small as possible.
· The number of OFDM symbols occupied by single UL transmission follows the following distribution of probability:
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· The transmission can be started at any OFDM symbol.
· .
· .
·  for all participating UEs.
·  for all participating UEs.
· This means that we assume that NOMA will use relatively low energy for the data region. Many NOMA schemes like sparse coding based NOMA can be modeled like this. The basic assumption for this simulation is that the interference from other UE’s transmission block is higher when the collided resources are preamble or DMRS.
· All of the preamble belongs to one OFDM symbol, fixed range in frequency domain for all UEs.
· For ZC sequences, the set collecting all the families of sequences with optimum cross-correlation and their cyclic shifts has size , since  is a prime. And  for , collecting sequences with all of them are cyclic shift of others. Consequently,  and .
· When , . Otherwise,  with probability  and  with probability .
· For random sequences, the set size is almost infinite, while the probability density function of  follows  that is the correlation PDF of two sequences of length  and each symbol of the sequences is represented as  when  and the random variable  is uniform in the range  which can be obtained straightforwardly using the central limit theorem (CLT).
· Note that the PDF can represent the interference level of additive random signal corresponding to  REs with the power level is same with the original signal. So the interference by the data transmitted by another UE can be modeled to this.
· The detection is based on the RSRP with threshold , that is quarter of the expected power when the target preamble exists without noise. It is same with the minimum power of noise and interference that can cause detection failure. Usually the false alarm probability becomes higher than miss detection in this assumption, however, we do not consider the probability since it may not be critical. In other word, the mean of ‘detection failure’ in this contribution is miss detection only.
· No fading error and only AWGN is considered.
Figure 1 shows the detection probability for various . We assume that ,  and .

  
  
Figure 1. Detection failure probability for various UE number with 

According to the results, well-organized ZC shows significant performance gain at low  case, however, no specific enhancement is observed for large  or low SNR.
Figure 2 shows the result for various , with fixed value  and .


Figure 2. Detection failure probability for various 

We’ve tried another pattern of preamble arrangement to reduce interference of other UE preambles. One of well-known 2D pattern to avoid collision is MOLS (Mutually-orthogonal Latin square). Figure 3 shows an example of MOLS set having the square size 5. The leftmost pattern in the example is not a LS, but mutually orthogonal with others.
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Figure 3. An example of MLOS set of square size 5

In this assumption, the preamble occupies one of these patterns from {1, 2, …, 25}. Two preambles selecting different pattern in these set shows at most 1 colliding RE. In this way, we can reduce the average interference caused by another collided preambles. Some detailed process is as follows.
1. For random sequence, at first use different pattern of single LS for different user. When all the patterns are filled ( exceeds 5), use different MOLS. When all the patterns are filled ( exceeds 25), reuse some pattern with different sequence.
2. For ZC sequence, at first use cyclic shift using same pattern for different user. After that use different pattern of single LS for different user. When all the patterns are filled ( exceeds 5*31=155), use different MOLS in MOLS set. When all the patterns are filled ( exceeds 5*5*31=775), reuse some pattern with another ZC sequence having different root so the correlation value is  with sequences former-assigned to the pattern.
Note that these processes are only implementation issues. Moreover, MOLS have optimum number when its size is prime or prime power. Figure 4 shows the detection failure probability for fixed  and , various , using preambles with or without MOLS patterns of size 5.


Figure 4. Detection failure probability for various UE number

From all the results, we give our observations as follows.
Observation 1: Organized ZC sequences for preamble shows better detection performance than uncontrolled random sequence with high SNR of preamble and small UE number. 
	Observation 2-1: The number of interfering transmissions does not affect the performance gain of ZC sequence.
Observation 2: Collision control with patterned resource alignment operated with ZC sequences for preamble can enhance detection performance at mid-range UE number.
	Observation 2-1: Collision control with patterned resource alignment is not efficient for random sequences.
Discussions and Summary
The performance gain by ZC mainly from the interference-free on another preambles by the zero correlation property. In practical, it is hard to use all the cyclic shifts considering frequency error like Doppler. Although ZC also gives good (theoretically optimal) cross-correlation property among sequences with different root, the interference reduction is not significant compared to random sequence, since if there are more than two interfering preambles than it becomes a sum of independent random variable, so eventually be modeled to Gaussian by CLT. It means using ZC for preamble is not efficient when corresponding UE number is much larger than the length of the sequence.
By Observation 2, we noticed that adopting collision-reduction pattern makes additional enhancement for the detection performance, since it can successfully increase the interference-free UE number. However, it may require definition of additional pattern of RS allocation that must be defined in complicated way. Moreover, such patterns may decrease detection speed in general comparing with front-loaded. Patterns defined in single (or short) OFDM symbol or adopting layered detection procedure may be practical solution, and also may arise another issues.
References
[1] Chairman’s note (Final), 3GPP RAN1 #93, Busan, May 2018,
No/2 = 0.5

ZC	10	30	50	70	90	110	130	150	170	190	210	230	250	270	290	310	330	350	370	390	410	430	450	470	490	510	530	550	570	590	610	630	650	670	690	710	730	750	770	790	810	830	850	870	890	2.4000000000000001E-5	1.2799999999999999E-4	6.7900000000000002E-4	1.794482E-3	3.623622E-3	6.2775030000000002E-3	8.4871630000000007E-3	1.242653E-2	1.4331780000000001E-2	1.918539E-2	2.2525570000000002E-2	2.66418E-2	2.9832049999999999E-2	3.2233110000000002E-2	3.8771710000000001E-2	4.1907640000000003E-2	4.3614790000000001E-2	4.4424699999999998E-2	4.9654900000000002E-2	5.3044769999999998E-2	5.4103770000000002E-2	6.1012810000000001E-2	5.9393000000000001E-2	6.3637520000000003E-2	6.8259390000000003E-2	6.8036470000000002E-2	7.0313600000000004E-2	7.4432449999999997E-2	7.1597339999999995E-2	7.554582E-2	7.3942620000000001E-2	7.4200489999999994E-2	7.8308539999999996E-2	8.1406709999999993E-2	8.3465490000000003E-2	8.2162520000000003E-2	7.970033E-2	8.3703020000000003E-2	8.4702689999999997E-2	8.6236629999999995E-2	8.8004929999999995E-2	8.8370450000000003E-2	8.8059180000000001E-2	8.5426279999999993E-2	8.9261800000000002E-2	RAND	10	30	50	70	90	110	130	150	170	190	210	230	250	270	290	310	330	350	370	390	410	430	450	470	490	510	530	550	570	590	610	630	650	670	690	710	730	750	770	790	810	830	850	870	890	1.27E-4	6.78E-4	1.817419E-3	3.4357179999999999E-3	5.5466810000000004E-3	7.9554489999999999E-3	1.132798E-2	1.4924929999999999E-2	1.8605690000000001E-2	2.197174E-2	2.4756759999999999E-2	2.870346E-2	3.1646569999999999E-2	3.4532769999999997E-2	3.7019209999999997E-2	4.0078549999999998E-2	4.425366E-2	5.089577E-2	4.7698549999999999E-2	5.1205899999999999E-2	5.6941119999999998E-2	6.2574309999999994E-2	6.0838349999999999E-2	6.4000000000000001E-2	6.3669939999999994E-2	6.7626969999999995E-2	6.8975030000000007E-2	7.0556690000000005E-2	7.1225070000000001E-2	7.0656399999999994E-2	7.50638E-2	7.7369439999999998E-2	7.7984869999999998E-2	7.6610739999999997E-2	8.295313E-2	8.0134629999999998E-2	7.9853069999999998E-2	8.4925689999999998E-2	8.528057E-2	8.3312510000000006E-2	8.3913740000000001E-2	8.0076869999999994E-2	9.1324199999999994E-2	8.7054930000000003E-2	8.5440870000000002E-2	



No/2 = 1

ZC	10	30	50	70	90	110	130	150	170	190	210	230	250	270	290	310	330	350	370	390	410	430	450	470	490	510	530	550	570	590	610	630	650	670	690	710	730	750	770	790	810	830	850	870	890	6.6799999999999997E-4	1.18772E-3	2.5867730000000001E-3	4.2602320000000001E-3	6.81366E-3	9.3247920000000002E-3	1.242128E-2	1.5532529999999999E-2	1.7694419999999999E-2	2.1908199999999999E-2	2.5444649999999999E-2	3.032876E-2	3.2836410000000003E-2	3.6882680000000001E-2	4.1720559999999997E-2	4.2236860000000001E-2	4.917146E-2	5.0686809999999999E-2	5.0609849999999998E-2	5.2026429999999999E-2	6.0529020000000003E-2	6.0953309999999997E-2	6.5261369999999999E-2	6.6282229999999998E-2	6.6273440000000003E-2	6.8956009999999998E-2	7.3319159999999994E-2	7.2674420000000003E-2	7.3708259999999998E-2	7.9598820000000001E-2	8.2351969999999997E-2	7.7651810000000002E-2	8.073632E-2	8.1625989999999995E-2	8.3899660000000001E-2	8.334722E-2	8.3153169999999998E-2	8.3948960000000003E-2	8.5623770000000002E-2	8.1386829999999993E-2	8.9525510000000003E-2	8.6370699999999995E-2	9.0025209999999994E-2	8.8487739999999995E-2	8.8308020000000001E-2	RAND	10	30	50	70	90	110	130	150	170	190	210	230	250	270	290	310	330	350	370	390	410	430	450	470	490	510	530	550	570	590	610	630	650	670	690	710	730	750	770	790	810	830	850	870	890	8.9499999999999996E-4	2.1449099999999999E-3	3.9050140000000001E-3	6.2670779999999997E-3	9.2688709999999997E-3	1.256913E-2	1.507591E-2	1.8054130000000002E-2	2.1318779999999999E-2	2.5717520000000001E-2	2.878526E-2	3.2126450000000001E-2	3.3076439999999999E-2	3.9089989999999998E-2	4.1172599999999997E-2	4.3073739999999999E-2	4.8797149999999997E-2	5.4265250000000001E-2	5.3668220000000003E-2	5.492996E-2	6.0161230000000003E-2	5.8397570000000003E-2	6.2644870000000005E-2	6.5057580000000004E-2	6.5819790000000003E-2	6.8082790000000004E-2	6.9070309999999996E-2	7.4476799999999996E-2	7.4493439999999994E-2	7.4554540000000002E-2	7.7966629999999995E-2	7.6458440000000003E-2	8.2358749999999994E-2	7.5357950000000007E-2	8.4495139999999996E-2	8.4552299999999997E-2	8.19135E-2	8.4168000000000007E-2	8.190008E-2	8.9887640000000005E-2	8.9158349999999997E-2	8.6445369999999994E-2	8.3535209999999999E-2	9.0587920000000002E-2	9.2353160000000004E-2	



ZC	2E-3	4.0000000000000001E-3	6.0000000000000001E-3	8.0000000000000002E-3	0.01	1.2E-2	1.4E-2	1.6E-2	1.7999999999999999E-2	0.02	2.1999999999999999E-2	2.4E-2	2.5999999999999999E-2	2.8000000000000001E-2	0.03	3.2000000000000001E-2	3.4000000000000002E-2	3.5999999999999997E-2	3.7999999999999999E-2	0.04	4.2000000000000003E-2	4.3999999999999997E-2	4.5999999999999999E-2	4.8000000000000001E-2	0.05	5.1999999999999998E-2	5.3999999999999999E-2	5.6000000000000001E-2	5.8000000000000003E-2	0.06	6.2E-2	6.4000000000000001E-2	6.6000000000000003E-2	6.8000000000000005E-2	7.0000000000000007E-2	7.1999999999999995E-2	7.3999999999999996E-2	7.5999999999999998E-2	7.8E-2	0.08	8.2000000000000003E-2	8.4000000000000005E-2	8.5999999999999993E-2	8.7999999999999995E-2	0.09	9.1999999999999998E-2	9.4E-2	9.6000000000000002E-2	9.8000000000000004E-2	0.1	5.5900000000000004E-4	6.8900000000000005E-4	8.2100000000000001E-4	1.010064E-3	1.0823300000000001E-3	1.2648539999999999E-3	1.440619E-3	1.4987609999999999E-3	1.777067E-3	1.961338E-3	2.1708740000000002E-3	2.4181929999999999E-3	2.539599E-3	2.9855559999999999E-3	2.7777240000000001E-3	3.1976769999999999E-3	3.4902430000000001E-3	3.8746919999999999E-3	3.9931319999999999E-3	4.4131209999999999E-3	4.4964840000000002E-3	4.7410669999999999E-3	4.7235990000000002E-3	4.9345919999999998E-3	5.4857639999999997E-3	5.6025229999999999E-3	5.5033649999999996E-3	6.0400330000000002E-3	6.1593419999999999E-3	6.2956430000000001E-3	6.5835820000000001E-3	6.8834489999999998E-3	7.0750880000000002E-3	7.4959709999999997E-3	7.635686E-3	7.9618469999999993E-3	9.0103890000000006E-3	8.1961840000000005E-3	8.7458459999999998E-3	9.2951490000000008E-3	9.1691810000000002E-3	9.5861650000000007E-3	9.764099E-3	9.8891429999999995E-3	9.8828879999999994E-3	1.021377E-2	1.058358E-2	1.008675E-2	1.042351E-2	1.1367769999999999E-2	RAND	2E-3	4.0000000000000001E-3	6.0000000000000001E-3	8.0000000000000002E-3	0.01	1.2E-2	1.4E-2	1.6E-2	1.7999999999999999E-2	0.02	2.1999999999999999E-2	2.4E-2	2.5999999999999999E-2	2.8000000000000001E-2	0.03	3.2000000000000001E-2	3.4000000000000002E-2	3.5999999999999997E-2	3.7999999999999999E-2	0.04	4.2000000000000003E-2	4.3999999999999997E-2	4.5999999999999999E-2	4.8000000000000001E-2	0.05	5.1999999999999998E-2	5.3999999999999999E-2	5.6000000000000001E-2	5.8000000000000003E-2	0.06	6.2E-2	6.4000000000000001E-2	6.6000000000000003E-2	6.8000000000000005E-2	7.0000000000000007E-2	7.1999999999999995E-2	7.3999999999999996E-2	7.5999999999999998E-2	7.8E-2	0.08	8.2000000000000003E-2	8.4000000000000005E-2	8.5999999999999993E-2	8.7999999999999995E-2	0.09	9.1999999999999998E-2	9.4E-2	9.6000000000000002E-2	9.8000000000000004E-2	0.1	6.8199999999999999E-4	1.0755280000000001E-3	1.3745649999999999E-3	1.8668109999999999E-3	2.127519E-3	2.5812249999999999E-3	2.9895099999999999E-3	3.51542E-3	4.1884820000000003E-3	4.8203220000000001E-3	4.9349329999999999E-3	5.6122710000000003E-3	6.3890819999999999E-3	6.7057389999999996E-3	7.4490119999999996E-3	8.2839060000000006E-3	8.4975480000000006E-3	8.8422020000000004E-3	9.7002619999999994E-3	1.081642E-2	1.1596759999999999E-2	1.167406E-2	1.2289390000000001E-2	1.3548670000000001E-2	1.3665119999999999E-2	1.436513E-2	1.5643819999999999E-2	1.5806779999999999E-2	1.5937779999999999E-2	1.7108640000000001E-2	1.6586500000000001E-2	1.8215599999999998E-2	1.924261E-2	1.872238E-2	1.9085060000000001E-2	1.9199020000000001E-2	2.0201609999999998E-2	2.10482E-2	2.1613210000000001E-2	2.2209880000000001E-2	2.1688209999999999E-2	2.3274220000000002E-2	2.2438630000000001E-2	2.2139079999999998E-2	2.2787869999999998E-2	2.396587E-2	2.5081510000000001E-2	2.5603600000000001E-2	2.642566E-2	2.632895E-2	



ZC	10	30	50	70	90	110	130	150	170	190	210	230	250	270	290	310	330	350	370	390	410	430	450	470	490	510	530	550	570	590	610	630	650	670	690	710	730	750	770	790	810	830	850	870	890	2.4000000000000001E-5	1.2799999999999999E-4	6.7900000000000002E-4	1.794482E-3	3.623622E-3	6.2775030000000002E-3	8.4871630000000007E-3	1.242653E-2	1.4331780000000001E-2	1.918539E-2	2.2525570000000002E-2	2.66418E-2	2.9832049999999999E-2	3.2233110000000002E-2	3.8771710000000001E-2	4.1907640000000003E-2	4.3614790000000001E-2	4.4424699999999998E-2	4.9654900000000002E-2	5.3044769999999998E-2	5.4103770000000002E-2	6.1012810000000001E-2	5.9393000000000001E-2	6.3637520000000003E-2	6.8259390000000003E-2	6.8036470000000002E-2	7.0313600000000004E-2	7.4432449999999997E-2	7.1597339999999995E-2	7.554582E-2	7.3942620000000001E-2	7.4200489999999994E-2	7.8308539999999996E-2	8.1406709999999993E-2	8.3465490000000003E-2	8.2162520000000003E-2	7.970033E-2	8.3703020000000003E-2	8.4702689999999997E-2	8.6236629999999995E-2	8.8004929999999995E-2	8.8370450000000003E-2	8.8059180000000001E-2	8.5426279999999993E-2	8.9261800000000002E-2	RAND	10	30	50	70	90	110	130	150	170	190	210	230	250	270	290	310	330	350	370	390	410	430	450	470	490	510	530	550	570	590	610	630	650	670	690	710	730	750	770	790	810	830	850	870	890	1.27E-4	6.78E-4	1.817419E-3	3.4357179999999999E-3	5.5466810000000004E-3	7.9554489999999999E-3	1.132798E-2	1.4924929999999999E-2	1.8605690000000001E-2	2.197174E-2	2.4756759999999999E-2	2.870346E-2	3.1646569999999999E-2	3.4532769999999997E-2	3.7019209999999997E-2	4.0078549999999998E-2	4.425366E-2	5.089577E-2	4.7698549999999999E-2	5.1205899999999999E-2	5.6941119999999998E-2	6.2574309999999994E-2	6.0838349999999999E-2	6.4000000000000001E-2	6.3669939999999994E-2	6.7626969999999995E-2	6.8975030000000007E-2	7.0556690000000005E-2	7.1225070000000001E-2	7.0656399999999994E-2	7.50638E-2	7.7369439999999998E-2	7.7984869999999998E-2	7.6610739999999997E-2	8.295313E-2	8.0134629999999998E-2	7.9853069999999998E-2	8.4925689999999998E-2	8.528057E-2	8.3312510000000006E-2	8.3913740000000001E-2	8.0076869999999994E-2	9.1324199999999994E-2	8.7054930000000003E-2	8.5440870000000002E-2	ZC_LS	10	30	50	70	90	110	130	150	170	190	210	230	250	270	290	310	330	350	370	390	410	430	450	470	490	510	530	550	570	590	610	630	650	670	690	710	730	750	770	790	810	830	850	870	890	1.1E-5	3.6000000000000001E-5	1.76E-4	4.6999999999999999E-4	1.039971E-3	1.840763E-3	2.999598E-3	4.246952E-3	6.44168E-3	8.9333569999999994E-3	1.2700029999999999E-2	1.6751820000000001E-2	2.0107779999999999E-2	2.2173439999999999E-2	2.6268779999999999E-2	2.8920959999999999E-2	3.1846119999999999E-2	3.7748669999999998E-2	3.9560089999999999E-2	4.3809689999999998E-2	4.6219259999999998E-2	5.120852E-2	5.2358759999999997E-2	5.6452519999999999E-2	5.1864529999999999E-2	5.7061340000000002E-2	5.9442429999999997E-2	6.4641240000000003E-2	6.7718559999999997E-2	6.6622249999999994E-2	6.8601220000000004E-2	7.1103529999999998E-2	7.1628109999999995E-2	7.1377590000000005E-2	7.3249339999999996E-2	7.7267810000000006E-2	7.3136839999999995E-2	7.6370859999999999E-2	7.7936249999999999E-2	8.5829539999999996E-2	8.2815730000000004E-2	8.8004929999999995E-2	8.392078E-2	8.1228170000000002E-2	8.9605729999999995E-2	RAND_LS	10	30	50	70	90	110	130	150	170	190	210	230	250	270	290	310	330	350	370	390	410	430	450	470	490	510	530	550	570	590	610	630	650	670	690	710	730	750	770	790	810	830	850	870	890	7.3999999999999996E-5	4.7800000000000002E-4	1.438981E-3	2.7571380000000001E-3	4.6033309999999996E-3	7.4515090000000003E-3	9.839614E-3	1.3036789999999999E-2	1.610176E-2	2.055498E-2	2.5067679999999998E-2	2.5280609999999998E-2	3.1800549999999997E-2	3.2657329999999998E-2	3.7385969999999998E-2	4.1814759999999999E-2	4.4173509999999999E-2	4.7517219999999999E-2	4.5518690000000001E-2	5.0135369999999999E-2	5.3584819999999998E-2	5.5429300000000001E-2	6.2231630000000003E-2	6.3808069999999995E-2	6.40574E-2	6.6282229999999998E-2	7.0224720000000004E-2	6.6445180000000006E-2	7.2547879999999995E-2	7.5523000000000007E-2	7.2311810000000004E-2	7.7148590000000003E-2	7.2632189999999999E-2	7.9840320000000006E-2	7.8752559999999999E-2	8.7473759999999998E-2	8.5251489999999999E-2	8.4295709999999996E-2	8.9702190000000001E-2	8.4947330000000001E-2	8.3689009999999994E-2	8.5689799999999997E-2	8.4940119999999994E-2	8.3298629999999999E-2	8.4090139999999994E-2	



No/2 = 0, Noise-free

ZC	10	30	50	70	90	110	130	150	170	190	210	230	250	270	290	310	330	350	370	390	410	430	450	470	490	510	530	550	570	590	610	630	650	670	690	710	730	750	770	790	810	830	850	870	890	0	1.9999999999999999E-6	1.0900000000000001E-4	6.1499999999999999E-4	1.758733E-3	3.2266600000000001E-3	5.6441369999999996E-3	8.2116640000000005E-3	1.1579570000000001E-2	1.4660609999999999E-2	1.9059960000000001E-2	2.126167E-2	2.5955820000000001E-2	3.0673909999999999E-2	3.2494960000000003E-2	3.7423749999999999E-2	3.8666770000000003E-2	4.2817380000000002E-2	4.393673E-2	4.9101440000000003E-2	5.2512730000000001E-2	5.3720120000000003E-2	5.7309869999999999E-2	5.7900529999999999E-2	6.2336370000000002E-2	6.4771029999999993E-2	7.14592E-2	6.6515900000000003E-2	6.7508269999999995E-2	7.3997339999999995E-2	7.3019349999999997E-2	7.6982289999999995E-2	7.5631519999999994E-2	7.783313E-2	7.9586149999999994E-2	8.0528269999999999E-2	8.2426639999999995E-2	8.3430669999999998E-2	8.4090139999999994E-2	8.5462780000000002E-2	8.5316950000000003E-2	9.0497739999999993E-2	8.4423810000000002E-2	8.5309670000000004E-2	8.7017059999999993E-2	RAND	10	30	50	70	90	110	130	150	170	190	210	230	250	270	290	310	330	350	370	390	410	430	450	470	490	510	530	550	570	590	610	630	650	670	690	710	730	750	770	790	810	830	850	870	890	1.2999999999999999E-5	2.0100000000000001E-4	8.0900000000000004E-4	1.786295E-3	3.496051E-3	5.505032E-3	8.0437579999999998E-3	1.0728120000000001E-2	1.451906E-2	1.7462370000000001E-2	2.0953380000000001E-2	2.3137970000000001E-2	2.7606769999999999E-2	2.9663910000000002E-2	3.4781399999999997E-2	3.8201470000000001E-2	3.9027439999999997E-2	4.3412199999999998E-2	4.8246249999999997E-2	5.1361070000000002E-2	5.2094189999999999E-2	5.7146120000000002E-2	5.3324799999999999E-2	5.9840820000000003E-2	6.7028619999999997E-2	6.2586059999999999E-2	6.7254019999999998E-2	6.9536189999999998E-2	7.2806700000000002E-2	6.9266469999999997E-2	7.1270760000000002E-2	7.2458519999999998E-2	7.7399380000000004E-2	7.9377680000000006E-2	7.9497579999999998E-2	7.7495350000000005E-2	7.7047539999999998E-2	8.0645159999999994E-2	7.9497579999999998E-2	8.5222430000000002E-2	8.4688349999999996E-2	8.4745760000000003E-2	8.4932900000000006E-2	8.6888519999999997E-2	8.3773139999999996E-2	



No/2 = 0.2

ZC	10	30	50	70	90	110	130	150	170	190	210	230	250	270	290	310	330	350	370	390	410	430	450	470	490	510	530	550	570	590	610	630	650	670	690	710	730	750	770	790	810	830	850	870	890	1.0000000000000001E-5	2.42E-4	9.41E-4	2.268052E-3	4.2927670000000003E-3	6.5604740000000002E-3	9.0701299999999992E-3	1.41002E-2	1.6549439999999999E-2	1.948482E-2	2.2871780000000001E-2	2.83986E-2	3.0571689999999999E-2	3.5415780000000001E-2	3.8154830000000001E-2	4.1832250000000001E-2	4.2365699999999999E-2	4.5234539999999997E-2	5.1511870000000001E-2	5.2554129999999998E-2	5.516633E-2	5.875441E-2	6.1758889999999997E-2	6.3323199999999996E-2	6.6591200000000003E-2	6.7604109999999995E-2	6.969127E-2	6.7136619999999994E-2	7.5620080000000006E-2	7.2087659999999998E-2	7.4150969999999997E-2	7.6534519999999995E-2	8.334722E-2	8.2426639999999995E-2	8.4338369999999996E-2	7.97321E-2	8.4724220000000003E-2	8.8558269999999994E-2	8.5704489999999994E-2	8.6073330000000003E-2	8.416092E-2	7.9808459999999998E-2	8.3738069999999998E-2	8.8152330000000001E-2	RAND	10	30	50	70	90	110	130	150	170	190	210	230	250	270	290	310	330	350	370	390	410	430	450	470	490	510	530	550	570	590	610	630	650	670	690	710	730	750	770	790	810	830	850	870	890	3.6000000000000001E-5	3.2699999999999998E-4	1.0780169999999999E-3	2.4225800000000001E-3	4.1906230000000001E-3	6.5060960000000003E-3	9.1250029999999996E-3	1.2710519999999999E-2	1.5702529999999999E-2	1.8529159999999999E-2	2.2066289999999999E-2	2.681325E-2	2.9830269999999999E-2	3.3419110000000002E-2	3.6837839999999997E-2	3.9624359999999997E-2	4.1298420000000002E-2	4.6589640000000002E-2	4.8072299999999998E-2	5.2408150000000001E-2	5.244389E-2	5.6818180000000003E-2	5.8332849999999999E-2	6.1900339999999998E-2	6.2754939999999995E-2	7.0801470000000005E-2	6.7349140000000002E-2	6.7001679999999994E-2	7.0766399999999993E-2	7.4979379999999998E-2	7.5987840000000001E-2	7.7477340000000006E-2	7.8684400000000002E-2	8.0070459999999996E-2	7.7881619999999999E-2	8.0256820000000006E-2	8.2678790000000002E-2	8.5120870000000001E-2	8.4889640000000002E-2	8.1070130000000004E-2	8.5164370000000003E-2	8.3977159999999995E-2	8.392782E-2	8.6058519999999999E-2	8.9976609999999999E-2	



