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[bookmark: _Ref421460494]At RAN1 meeting #83, RAN WG1 concluded the technical evaluation on the solution [1] (as tasked in [2]). In RAN Plenary #70 the work item description was modified [3].
One of the open items in terms of NB-IOT UL is the used modulation schemes. In this document we continue the evaluations of the NB-IoT UL access based on the guidelines given in [1]:
· Proposal for NB-IoT UL
· Single-tone transmissions are supported
· 2 numerologies should be configurable for Single-tone transmission: [3.75]kHz and 15kHz
· A cyclic prefix is inserted
· Frequency domain Sinc pulse shaping in the physical layer description
· Multi-tone transmissions are supported
· Multi-tone transmissions are based on SC-FDMA
· 15 kHz UL subcarrier spacing
· Additional mechanisms for PAPR reduction FFS
· The UE shall indicate the support of Single-tone and/or Multi-tone
· Details to be discussed by WGs



The different approaches for the UL SC-FDMA numerology and design were discussed in different contributions in RAN WG1 meeting #83. A design proposal for 3.75kHz numerology was outlined in [5]. In [6] design considering the 15kHz numerology was presented. Furthermore, in [6] an approach to enable frequency domain multiplexing of single tone SC-FDMA signals with different numerologies was presented. In this contribution we continued the considerations and present design for UL PUSCH, considering both 3.75kHz and 15kHz numerologies. 
 In context of this contribution, we use the naming NB-PUSCH for the NB-IOT UL PUSCH. 
NB-PUSCH design
In this section, we present the some of the alternatives for NB-PUSCH frame design. The NB-PUSCH design needs have two frame structure designs in single tone to accommodate the two considered numerologies (e.g. 15kHz and 3.75kHz). For 3.75kHz numerology two design approaches are considered, first one enabling frequency domain multiplexing of the different single tone numerologies (while keeping the sub-carrier spacing at 15kHz) and second one targeted for case where different numerologies would be mostly time domain multiplexed. For single tone with 15kHz numerology we consider only one frame design (based on the LTE). Similarly for multitone, with only one numerology (15kHz), there is only one frame structure design, which is same as for 15kHz single tone. 
15kH numerology for single and multitone
Similarly as presented in [6] we would propose in case of 15kHz numerology to use same slot and subframe durations and formats as in LTE, maintaining orthogonality to other users. The frame structure would also apply up to full PRB allocation to single user. Figure 1 illustrates the proposed frame structure. Radio frame length would be kept at 10ms. Note that in the below figure Ts based on 1.92MHz sampling rate.
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Figure 1.  Illustration of NB-PUSCH frame structure with 15kHz numerology (assuming 1.92MHz sampling rate) 


3.75kHz numerology 
In case of 3.75kHz numerology two alternatives can be identified based on the approach chosen for the multiplexing of different numerologies. In below we have described the possible options based on discussions presented in [6] and in [5]. 
Note that in the illustrations presented below we have assumed Ts based on 480kHz sampling rate or 1.92MHz sampling rate (as indicated in figures). 
Format 1 with FDM
In case of single tone transmission with 3.75kHz numerology there are changes needed to the symbol level structure, but it could be is desirable to do these in a manner that it facilitates multiplexing of signals with different numerologies also in frequency domain. As considered in [6] this can be achieved by keeping the subcarrier spacing at 15 kHz, and defining the symbol and slot structure in an orthogonal manner (towards the 15kHz numerology). 
The considered frame structure is illustrated in Figure 2. The subframe structure is identical to the 15kHz numerology and slot duration is also kept at 0.5ms. Contrary to 15kHz numerology, each slot carriers one symbol consistent to 3.75kHz numerology, where the symbol in other slot is data and the symbol in second slot is demodulation reference symbol. The CP length would be 4 times the LTE CP length, 18.75us, preceded by a guard period (214.29us). The slot structure is illustrated in Figure 3. Radio frame could be kept at 10ms with 10 subframes. The described slot structure leads naturally to somewhat inefficient time domain resource utilization but in reverse as it can preserve the orthogonality towards 15kHz numerology when 15kHz subcarrier spacing is maintained, it offers potential benefit in overall resource utilization. As the signal considered is single-tone, and therefore the modulated symbol has constant phase and amplitude during the duration, it can be also shown to be possible to handle it in receiver as described in [6] considering it as multiple symbols, aligned to LTE symbols, as illustrated in Figure 4. 
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Figure 2.  Illustration of NB-PUSCH frame structure with 3.75kHz numerology (assuming 480kHz sampling rate) 
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Figure 3.  Illustration of NB-PUSCH slot structure with 3.75kHz numerology (assuming 480kHz sampling rate) overlapped to LTE slot structure

[image: ]
Figure 4.  Illustration of NB-PUSCH slot structure with 3.75kHz numerology when assuming repetitions similarly as in [6](Note the sample length in illustration is based on 1.92MHz sample rate)


Format 2 with TDM
If support of frequency domain multiplexing of 3.75kHz single tone NB-PUSCH with 15kHz numerology is left for eNB implementation, alternative frame structures could be considered, along the lines shown in [5]. The alternative frame structure is illustrated in Figure 5. The subframe structure is extended so that each (NB-)subframe length is 2ms. Each sub-frame consists 7 symbols, of which one is designated as reference symbol. One radio frame would consist of 5 (NB-)subframes, keeping the radio frame length at 10ms. CP length for 6 symbols, depending on the assumed sampling rate, would be either 18.75us. For the first symbol (or alternatively for the DMRS symbol) the CP length would be 20.83us.
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Figure 5.  Illustration of NB-PUSCH frame structure with 3.75kHz numerology (assuming 480kHz sampling rate) 
Proposals
Similarly as presented in [6] we would propose in case of 15kHz numerology to use same slot and subframe durations and formats as in LTE, maintaining orthogonality to other users.
Proposal 1: Use LTE based format (frame, slot and symbol) for 15kHz numerology in both, single and multitone condition. 
Also we propose to use such Ts in the physical layer description that enables the alignment.
Proposal 2: Assume Ts based on 1.92MHz sampling rate in the physical layer description.
Format 1 described in Section 2.2.1 is more optimized towards frequent FDM between numerologies, while Format 2 (while can also be used in FDM with 15kHz) offers more efficient resource utilization. As using Format 2, does not preclude the use of FDM with different numerologies, it is proposed that it is selected as the frame and sub-frame design for the 3.75kHz numerology.
Proposal 3: Use format 2, described in Section 2.2.2  for 3.75kHz numerology
Please note that for the physical layer description we would propose use same Ts definition as for 15kHz numerology also for 3.75kHz numerology.
Operation of NB-IOT with different UL/DL configurations is considered in [8], where it is proposed to consider configurations 0, 1 and 2 as candidates for design.  UL/DL configuration 2 has 1ms long UL allocations, while configuration 0 and 1 have 3ms and 2ms respectively. To enable the use of all the considered UL/DL configurations, it is proposed that with configuration 2, 15kHz numerology would be used, while for UL/DL configurations 0 and 1, both numerologies would apply [12].


NB-PUSCH encoding and allocations
When outlining the NB-PUSCH encoding and allocations, it is assumed that the resource allocation (MCS, FD/TD physical resource and TBS) is following the similar approach as depicted in [36.213] Section 8.1. This would give system flexibility in terms of mixing physical allocation and selected TBS. Naturally some changes are needed in detailed procedures accounting aspects like different modulation schemes, repetition and varying TTI. In below we repeat the earlier proposals for the NB-PUSCH encoding and give additional recommendations for some of the open items.
Encoding
Like introduced in [4] it is proposed that the NB-PUSCH encoding would follow closely of that used in LTE. Hence it is proposed that 24-bit CRC is added to the information payload, similarly as depicted in Section 5.1.1 in [9](generated according to polynomial gCRC24B(D)). Channel coding is proposed to be based on the LTE turbo code encoder in Sections 5.1.3.2 of [9]. In addition rate matching is done (as described in 5.1.4.1[9]) and scrambling would be applied to signal prior modulation. Note that it is assumed that due to the limited maximum size of TB’s there is no need for code block segmentation. The modulation schemes considered are pi/2-BPSK and pi/4-QPSK. Further discussion regarding the different UL modulations is given in [10].  Furthermore, after the TBS is encoded (and rate matched for the defined TTI length), it could be repeated as per configured by network. In order to improve the performance of the repetitions, the redundancy version (RV) cycling could be used. Whether the RV is changed on every repetition, or kept constant for example for a block of repetitions is FFS.  Figure 6 below illustrates the proposed encoding chain for information payload. 
Proposal 4: Re-use the LTE PUSCH encoding for NB-PUSCH. 
Proposal 5: Use redundancy version cycling in the repetitions.

TTI/Allocation size 
Considering different information payload sizes (e.g. TBS= 56, 520 and 776 bits) and trying to define one common TTI length (e.g. while aiming to keeping CR<0.5) leads to inefficiently sized allocations. Hence accounting different numerologies, frequency domain allocations and varying levels of protection (coding/repetitions) required by devices in different conditions, it would seem preferable to allow varying TTI lengths. Thus it is proposed that in a similar manner as considered for NB-PDSCH in [11] it would be varying TTI length for NB-PUSCH that is indicated on DCI. 
Proposal 6: NB-PUSCH has dynamically varying TTI length, indicated on DCI.
As the frequency domain allocation is going to go from single-tone to 12-tones (full LTE PRB) with some steps (e.g. {1,2,4,8,12} or {1,3,6,12}) it would seem preferable to choose some minimum resource allocation size in terms or RE’s that could be used as basis of the TTI definition. In Annex A some example code rates are shown for different TBS assuming 12ms, 10ms or 8ms TTI. It can be observed that any of these options could be considered feasible when considering small information payload transmission with one or few tones. Larger payloads can be achieved by increasing the total TTI length as a multiple of the minimum TTI’s. 
However as noted above, when considering the multitoned allocation in case of medium and larger payloads, the TTI size could be reduced. Therefore it would seem appropriate to consider option of using shorter TTI in case of multitoned transmission. Either 1ms or 2ms minimum TTI size would seem appropriate for the multitone transmission. With the use of RV cycling in the repetitions, the TTI length could be further virtually increased, improving the performance.
Proposal 7: Use minimum TTI length of 10ms or 12ms for single tone transmission
Proposal 8: Consider minimum TTI length of 1ms or 2ms for multitoned transmission
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Figure 6.  Illustration of NB-PUSCH encoding 


Conclusions
In this contribution we have presented frame structure design for NB-PUSCH for the agreed single tone numerologies (3.75kHz and 15kHz). For 3.75kHz numerology two options are given, one maintaining orthogonality between 15kHz numerology and allowing frequency domain multiplexing of different numerologies, and other targeted for time multiplexed approach of the different numerologies. Depending on the approach chosen in the numerology multiplexing one frame structure design could be chosen. We have made following proposals regarding the frame structure design:
Proposal 1: Use LTE based format (frame, slot and symbol) for 15kHz numerology in both, single and multitone condition. 
Proposal 2: Assume Ts based on 1.92MHz sampling rate in the physical layer description.
Proposal 3: Use format 2, described in section 2.2.2 for 3.75kHz numerology
Furthermore we have considered the encoding to be used for information payload on NB-PUSCH and as discussed earlier propose as follows:
Proposal 4: Re-use the LTE PUSCH encoding for NB-PUSCH. 
Proposal 5: Use redundancy version cycling in the repetitions.
For the minimum TTI/allocation size of NB-PUSCH we have made following proposals:
Proposal 6: NB-PUSCH has dynamically varying TTI length, indicated on DCI.
Proposal 7: Use minimum TTI length of 10ms or 12ms for single tone transmission
Proposal 8: Consider minimum TTI length of 1ms or 2ms for multitoned transmission
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Annex

Table A.1, A.2 and A.3 show achievable code rates with 12ms, 10ms and 8ms TTI correspondingly. The CR’s are derived assuming 15kHz numerology, 12 data symbols per (1ms) sub-frame and CRC of 24 bits. Two modulation orders (Qmod={1,2}) are considered. Only single (minimum) TTI has been assumed, but extending the TTI length (of multiples) could be considered especially in case of single tone transmission. Note that the TB sizes used are not strictly following the sizes given in [9].

Table A.1: Illustration of code rates with 12ms TTI 
	#tones
	1
	2
	3
	4
	6
	8
	12

	Qmod
	1
	2
	1
	2
	1
	2
	1
	2
	1
	2
	1
	2
	1
	2

	Index
	TBS
	CR
	CR
	
	
	
	
	
	
	
	
	
	
	
	

	0
	16
	0,28
	0,14
	0,14
	0,07
	0,09
	0,05
	0,07
	0,03
	0,05
	0,02
	0,03
	0,01
	0,02
	0,01

	1
	24
	0,33
	0,17
	0,17
	0,08
	0,11
	0,06
	0,08
	0,04
	0,06
	0,03
	0,04
	0,02
	0,03
	0,01

	2
	32
	0,39
	0,19
	0,19
	0,10
	0,13
	0,06
	0,10
	0,05
	0,06
	0,03
	0,05
	0,02
	0,03
	0,02

	3
	40
	0,44
	0,22
	0,22
	0,11
	0,15
	0,07
	0,11
	0,06
	0,07
	0,04
	0,06
	0,03
	0,04
	0,02

	4
	56
	0,56
	0,28
	0,28
	0,14
	0,19
	0,09
	0,14
	0,07
	0,09
	0,05
	0,07
	0,03
	0,05
	0,02

	5
	72
	0,67
	0,33
	0,33
	0,17
	0,22
	0,11
	0,17
	0,08
	0,11
	0,06
	0,08
	0,04
	0,06
	0,03

	6
	88
	0,78
	0,39
	0,39
	0,19
	0,26
	0,13
	0,19
	0,10
	0,13
	0,06
	0,10
	0,05
	0,06
	0,03

	7
	104
	0,89
	0,44
	0,44
	0,22
	0,30
	0,15
	0,22
	0,11
	0,15
	0,07
	0,11
	0,06
	0,07
	0,04

	8
	120
	1,00
	0,50
	0,50
	0,25
	0,33
	0,17
	0,25
	0,13
	0,17
	0,08
	0,13
	0,06
	0,08
	0,04

	9
	136
	1,11
	0,56
	0,56
	0,28
	0,37
	0,19
	0,28
	0,14
	0,19
	0,09
	0,14
	0,07
	0,09
	0,05

	10
	144
	1,17
	0,58
	0,58
	0,29
	0,39
	0,19
	0,29
	0,15
	0,19
	0,10
	0,15
	0,07
	0,10
	0,05

	11
	176
	1,39
	0,69
	0,69
	0,35
	0,46
	0,23
	0,35
	0,17
	0,23
	0,12
	0,17
	0,09
	0,12
	0,06

	12
	208
	1,61
	0,81
	0,81
	0,40
	0,54
	0,27
	0,40
	0,20
	0,27
	0,13
	0,20
	0,10
	0,13
	0,07

	13
	224
	1,72
	0,86
	0,86
	0,43
	0,57
	0,29
	0,43
	0,22
	0,29
	0,14
	0,22
	0,11
	0,14
	0,07

	14
	256
	1,94
	0,97
	0,97
	0,49
	0,65
	0,32
	0,49
	0,24
	0,32
	0,16
	0,24
	0,12
	0,16
	0,08

	15
	280
	2,11
	1,06
	1,06
	0,53
	0,70
	0,35
	0,53
	0,26
	0,35
	0,18
	0,26
	0,13
	0,18
	0,09

	16
	328
	2,44
	1,22
	1,22
	0,61
	0,81
	0,41
	0,61
	0,31
	0,41
	0,20
	0,31
	0,15
	0,20
	0,10

	17
	336
	2,50
	1,25
	1,25
	0,63
	0,83
	0,42
	0,63
	0,31
	0,42
	0,21
	0,31
	0,16
	0,21
	0,10

	18
	376
	2,78
	1,39
	1,39
	0,69
	0,93
	0,46
	0,69
	0,35
	0,46
	0,23
	0,35
	0,17
	0,23
	0,12

	19
	408
	3,00
	1,50
	1,50
	0,75
	1,00
	0,50
	0,75
	0,38
	0,50
	0,25
	0,38
	0,19
	0,25
	0,13

	20
	440
	3,22
	1,61
	1,61
	0,81
	1,07
	0,54
	0,81
	0,40
	0,54
	0,27
	0,40
	0,20
	0,27
	0,13

	21
	488
	3,56
	1,78
	1,78
	0,89
	1,19
	0,59
	0,89
	0,44
	0,59
	0,30
	0,44
	0,22
	0,30
	0,15

	22
	520
	3,78
	1,89
	1,89
	0,94
	1,26
	0,63
	0,94
	0,47
	0,63
	0,31
	0,47
	0,24
	0,31
	0,16

	23
	552
	4,00
	2,00
	2,00
	1,00
	1,33
	0,67
	1,00
	0,50
	0,67
	0,33
	0,50
	0,25
	0,33
	0,17

	24
	584
	4,22
	2,11
	2,11
	1,06
	1,41
	0,70
	1,06
	0,53
	0,70
	0,35
	0,53
	0,26
	0,35
	0,18

	25
	680
	4,89
	2,44
	2,44
	1,22
	1,63
	0,81
	1,22
	0,61
	0,81
	0,41
	0,61
	0,31
	0,41
	0,20

	26
	776
	5,56
	2,78
	2,78
	1,39
	1,85
	0,93
	1,39
	0,69
	0,93
	0,46
	0,69
	0,35
	0,46
	0,23

	27
	872
	6,22
	3,11
	3,11
	1,56
	2,07
	1,04
	1,56
	0,78
	1,04
	0,52
	0,78
	0,39
	0,52
	0,26

	28
	1000
	7,11
	3,56
	3,56
	1,78
	2,37
	1,19
	1,78
	0,89
	1,19
	0,59
	0,89
	0,44
	0,59
	0,30




Table A.2: Illustration of code rates with 10ms TTI 
	#tones
	1
	2
	3
	4
	6
	8
	12

	Qmod
	1
	2
	1
	2
	1
	2
	1
	2
	1
	2
	1
	2
	1
	2

	Index
	TBS
	CR
	CR
	
	
	
	
	
	
	
	
	
	
	
	

	0
	16
	0,33
	0,17
	0,17
	0,08
	0,11
	0,06
	0,08
	0,04
	0,06
	0,03
	0,04
	0,01
	0,03
	0,01

	1
	24
	0,40
	0,20
	0,20
	0,10
	0,13
	0,07
	0,10
	0,05
	0,07
	0,03
	0,05
	0,03
	0,03
	0,02

	2
	32
	0,47
	0,23
	0,23
	0,12
	0,16
	0,08
	0,12
	0,06
	0,08
	0,04
	0,06
	0,03
	0,04
	0,02

	3
	40
	0,53
	0,27
	0,27
	0,13
	0,18
	0,09
	0,13
	0,07
	0,09
	0,04
	0,07
	0,03
	0,04
	0,02

	4
	56
	0,67
	0,33
	0,33
	0,17
	0,22
	0,11
	0,17
	0,08
	0,11
	0,06
	0,08
	0,04
	0,06
	0,03

	5
	72
	0,80
	0,40
	0,40
	0,20
	0,27
	0,13
	0,20
	0,10
	0,13
	0,07
	0,10
	0,05
	0,07
	0,03

	6
	88
	0,93
	0,47
	0,47
	0,23
	0,31
	0,16
	0,23
	0,12
	0,16
	0,08
	0,12
	0,06
	0,08
	0,04

	7
	104
	1,07
	0,53
	0,53
	0,27
	0,36
	0,18
	0,27
	0,13
	0,18
	0,09
	0,13
	0,07
	0,09
	0,04

	8
	120
	1,20
	0,60
	0,60
	0,30
	0,40
	0,20
	0,30
	0,15
	0,20
	0,10
	0,15
	0,08
	0,10
	0,05

	9
	136
	1,33
	0,67
	0,67
	0,33
	0,44
	0,22
	0,33
	0,17
	0,22
	0,11
	0,17
	0,08
	0,11
	0,06

	10
	144
	1,40
	0,70
	0,70
	0,35
	0,47
	0,23
	0,35
	0,18
	0,23
	0,12
	0,18
	0,09
	0,12
	0,06

	11
	176
	1,67
	0,83
	0,83
	0,42
	0,56
	0,28
	0,42
	0,21
	0,28
	0,14
	0,21
	0,10
	0,14
	0,07

	12
	208
	1,93
	0,97
	0,97
	0,48
	0,64
	0,32
	0,48
	0,24
	0,32
	0,16
	0,24
	0,12
	0,16
	0,08

	13
	224
	2,07
	1,03
	1,03
	0,52
	0,69
	0,34
	0,52
	0,26
	0,34
	0,17
	0,26
	0,13
	0,17
	0,09

	14
	256
	2,33
	1,17
	1,17
	0,58
	0,78
	0,39
	0,58
	0,29
	0,39
	0,19
	0,29
	0,15
	0,19
	0,10

	15
	280
	2,53
	1,27
	1,27
	0,63
	0,84
	0,42
	0,63
	0,32
	0,42
	0,21
	0,32
	0,16
	0,21
	0,11

	16
	328
	2,93
	1,47
	1,47
	0,73
	0,98
	0,49
	0,73
	0,37
	0,49
	0,24
	0,37
	0,18
	0,24
	0,12

	17
	336
	3,00
	1,50
	1,50
	0,75
	1,00
	0,50
	0,75
	0,38
	0,50
	0,25
	0,38
	0,19
	0,25
	0,13

	18
	376
	3,33
	1,67
	1,67
	0,83
	1,11
	0,56
	0,83
	0,42
	0,56
	0,28
	0,42
	0,21
	0,28
	0,14

	19
	408
	3,60
	1,80
	1,80
	0,90
	1,20
	0,60
	0,90
	0,45
	0,60
	0,30
	0,45
	0,23
	0,30
	0,15

	20
	440
	3,87
	1,93
	1,93
	0,97
	1,29
	0,64
	0,97
	0,48
	0,64
	0,32
	0,48
	0,24
	0,32
	0,16

	21
	488
	4,27
	2,13
	2,13
	1,07
	1,42
	0,71
	1,07
	0,53
	0,71
	0,36
	0,53
	0,27
	0,36
	0,18

	22
	520
	4,53
	2,27
	2,27
	1,13
	1,51
	0,76
	1,13
	0,57
	0,76
	0,38
	0,57
	0,28
	0,38
	0,19

	23
	552
	4,80
	2,40
	2,40
	1,20
	1,60
	0,80
	1,20
	0,60
	0,80
	0,40
	0,60
	0,30
	0,40
	0,20

	24
	584
	5,07
	2,53
	2,53
	1,27
	1,69
	0,84
	1,27
	0,63
	0,84
	0,42
	0,63
	0,32
	0,42
	0,21

	25
	680
	5,87
	2,93
	2,93
	1,47
	1,96
	0,98
	1,47
	0,73
	0,98
	0,49
	0,73
	0,37
	0,49
	0,24

	26
	776
	6,67
	3,33
	3,33
	1,67
	2,22
	1,11
	1,67
	0,83
	1,11
	0,56
	0,83
	0,42
	0,56
	0,28

	27
	872
	7,47
	3,73
	3,73
	1,87
	2,49
	1,24
	1,87
	0,93
	1,24
	0,62
	0,93
	0,47
	0,62
	0,31

	28
	1000
	8,53
	4,27
	4,27
	2,13
	2,84
	1,42
	2,13
	1,07
	1,42
	0,71
	1,07
	0,53
	0,71
	0,36



Table A.3: Illustration of code rates with 8ms TTI 
	#tones
	1
	2
	3
	4
	6
	8
	12

	Qmod
	1
	2
	1
	2
	1
	2
	1
	2
	1
	2
	1
	2
	1
	2

	Index
	TBS
	CR
	CR
	
	
	
	
	
	
	
	
	
	
	
	

	0
	16
	0,42
	0,21
	0,21
	0,10
	0,14
	0,07
	0,10
	0,05
	0,07
	0,03
	0,05
	0,02
	0,03
	0,02

	1
	24
	0,50
	0,25
	0,25
	0,13
	0,17
	0,08
	0,13
	0,06
	0,08
	0,04
	0,06
	0,03
	0,04
	0,02

	2
	32
	0,58
	0,29
	0,29
	0,15
	0,19
	0,10
	0,15
	0,07
	0,10
	0,05
	0,07
	0,04
	0,05
	0,02

	3
	40
	0,67
	0,33
	0,33
	0,17
	0,22
	0,11
	0,17
	0,08
	0,11
	0,06
	0,08
	0,04
	0,06
	0,03

	4
	56
	0,83
	0,42
	0,42
	0,21
	0,28
	0,14
	0,21
	0,10
	0,14
	0,07
	0,10
	0,05
	0,07
	0,03

	5
	72
	1,00
	0,50
	0,50
	0,25
	0,33
	0,17
	0,25
	0,13
	0,17
	0,08
	0,13
	0,06
	0,08
	0,04

	6
	88
	1,17
	0,58
	0,58
	0,29
	0,39
	0,19
	0,29
	0,15
	0,19
	0,10
	0,15
	0,07
	0,10
	0,05

	7
	104
	1,33
	0,67
	0,67
	0,33
	0,44
	0,22
	0,33
	0,17
	0,22
	0,11
	0,17
	0,08
	0,11
	0,06

	8
	120
	1,50
	0,75
	0,75
	0,38
	0,50
	0,25
	0,38
	0,19
	0,25
	0,13
	0,19
	0,09
	0,13
	0,06

	9
	136
	1,67
	0,83
	0,83
	0,42
	0,56
	0,28
	0,42
	0,21
	0,28
	0,14
	0,21
	0,10
	0,14
	0,07

	10
	144
	1,75
	0,88
	0,88
	0,44
	0,58
	0,29
	0,44
	0,22
	0,29
	0,15
	0,22
	0,11
	0,15
	0,07

	11
	176
	2,08
	1,04
	1,04
	0,52
	0,69
	0,35
	0,52
	0,26
	0,35
	0,17
	0,26
	0,13
	0,17
	0,09

	12
	208
	2,42
	1,21
	1,21
	0,60
	0,81
	0,40
	0,60
	0,30
	0,40
	0,20
	0,30
	0,15
	0,20
	0,10

	13
	224
	2,58
	1,29
	1,29
	0,65
	0,86
	0,43
	0,65
	0,32
	0,43
	0,22
	0,32
	0,16
	0,22
	0,11

	14
	256
	2,92
	1,46
	1,46
	0,73
	0,97
	0,49
	0,73
	0,36
	0,49
	0,24
	0,36
	0,18
	0,24
	0,12

	15
	280
	3,17
	1,58
	1,58
	0,79
	1,06
	0,53
	0,79
	0,40
	0,53
	0,26
	0,40
	0,20
	0,26
	0,13

	16
	328
	3,67
	1,83
	1,83
	0,92
	1,22
	0,61
	0,92
	0,46
	0,61
	0,31
	0,46
	0,23
	0,31
	0,15

	17
	336
	3,75
	1,88
	1,88
	0,94
	1,25
	0,63
	0,94
	0,47
	0,63
	0,31
	0,47
	0,23
	0,31
	0,16

	18
	376
	4,17
	2,08
	2,08
	1,04
	1,39
	0,69
	1,04
	0,52
	0,69
	0,35
	0,52
	0,26
	0,35
	0,17

	19
	408
	4,50
	2,25
	2,25
	1,13
	1,50
	0,75
	1,13
	0,56
	0,75
	0,38
	0,56
	0,28
	0,38
	0,19

	20
	440
	4,83
	2,42
	2,42
	1,21
	1,61
	0,81
	1,21
	0,60
	0,81
	0,40
	0,60
	0,30
	0,40
	0,20

	21
	488
	5,33
	2,67
	2,67
	1,33
	1,78
	0,89
	1,33
	0,67
	0,89
	0,44
	0,67
	0,33
	0,44
	0,22

	22
	520
	5,67
	2,83
	2,83
	1,42
	1,89
	0,94
	1,42
	0,71
	0,94
	0,47
	0,71
	0,35
	0,47
	0,24

	23
	552
	6,00
	3,00
	3,00
	1,50
	2,00
	1,00
	1,50
	0,75
	1,00
	0,50
	0,75
	0,38
	0,50
	0,25

	24
	584
	6,33
	3,17
	3,17
	1,58
	2,11
	1,06
	1,58
	0,79
	1,06
	0,53
	0,79
	0,40
	0,53
	0,26

	25
	680
	7,33
	3,67
	3,67
	1,83
	2,44
	1,22
	1,83
	0,92
	1,22
	0,61
	0,92
	0,46
	0,61
	0,31

	26
	776
	8,33
	4,17
	4,17
	2,08
	2,78
	1,39
	2,08
	1,04
	1,39
	0,69
	1,04
	0,52
	0,69
	0,35

	27
	872
	9,33
	4,67
	4,67
	2,33
	3,11
	1,56
	2,33
	1,17
	1,56
	0,78
	1,17
	0,58
	0,78
	0,39

	28
	1000
	10,67
	5,33
	5,33
	2,67
	3,56
	1,78
	2,67
	1,33
	1,78
	0,89
	1,33
	0,67
	0,89
	0,44
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