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1 Background
A new work item on additional enhancements for NB-IoT and LTE-MTC was approved in [1]. One of the objectives is to introduce 16-QAM for NB-IoT:
· Specify 16-QAM for unicast in UL and DL, including necessary changes to DL power allocation for NPDSCH and DL TBS. This is to be specified without a new NB-IoT UE category. For DL, increase in maximum TBS of e.g. 2x the Rel-16 maximum, and soft buffer size will be specified by modifying at least existing Category NB2. For UL, the maximum TBS is not increased. [NB-IoT] [RAN1, RAN4]

In RAN1#103-e, the following was agreed:
Agreement
At least for standalone and guard-band deployments, the maximum TBS to support 16-QAM for unicast in DL is 4968 bits with ISF=7.

Agreement
For inband deployment, the maximum TBS to support 16-QAM for unicast in DL is 3624 bits (ISF=7).

Agreement
Different breaking points (QPSK16QAM) are used for standalone/guardband and inband deployments.
· FFS the details of the breaking point.

Agreement
Explicit or implicit signaling of power ratios of NPDSCH EPRE to NRS EPRE for the following cases is supported.
· NPDSCH in symbols without NRS and CRS
· NPDSCH in symbols with CRS (only for “In-band” deployment)
· NPDSCH in symbols with NRS
Agreement
For 16-QAM in NB-IoT, separate optional UE capabilities for UL and DL are supported:
· The support of 16QAM in DL is indicated by an optional UE capability signaling. 
· The support of 16QAM in UL is indicated by an optional UE capability signaling.
Agreement
For 16-QAM in NB-IoT, separate UE-specific RRC signaling for UL and DL are supported:
· 16QAM for UL is configured by UE-specific RRC signaling.
· 16QAM for DL is configured by UE-specific RRC signaling.
Working Assumption 
· The following TBS indices are introduced for downlink
	I_TBS
	I_SF

	
	0
	1
	2
	3
	4
	5
	6
	7

	14
	256
	[552, 536]
	840
	1128
	1416
	1736
	2280
	2856

	15
	280
	600
	904
	1224
	1544
	1800
	2472
	3112

	16
	[328, 296]
	632
	968
	1288
	1608
	1928
	2600
	3240

	17
	336
	696
	1064
	1416
	1800
	2152
	2856
	3624

	18
	376
	776
	1160
	1544
	1992
	2344
	3112
	4008

	19
	408
	840
	1288
	1736
	2152
	2600
	3496
	4264

	20
	440
	904
	1384
	1864
	2344
	2792
	3752
	4584

	21
	488
	1000
	1480
	1992
	[2472, 2536]
	2984
	4008
	4968


· FFS: Support of legacy TBS indices with 16-QAM at least for some deployment modes.
· FFS: Mapping of (a subset of) TBS entries to modulation schemes for different deployment modes.
· FFS for I_SF > 7
Working Assumption 
· The following TBS indices are introduced for uplink
	I_TBS
	I_RU

	
	0
	1
	2
	3
	4
	5
	6
	7

	14
	256
	552
	840
	1128
	1416
	1736
	2280
	

	15
	280
	600
	904
	1224
	1544
	1800
	[2472, 2536]
	

	16
	328
	632
	968
	1288
	1608
	1928
	[2536]
	

	17
	336
	696
	1064
	1416
	1800
	2152
	
	

	18
	376
	776
	1160
	1544
	1992
	2344
	
	

	19
	408
	840
	1288
	1736
	2152
	[2536]
	
	

	20
	440
	904
	1384
	1864
	2344
	
	
	

	21
	488
	1000
	1480
	1992
	2536
	
	
	



Working Assumption
· For standalone and guardband deployments, the downlink TBS entries between 14 (TBS of 2856 for I_SF=7) and 21 are used for 16QAM.
· For inband deployments, the downlink TBS entries between 11 (TBS of 2024 for I_SF=7) and [17] are used for 16QAM.
Agreement
Repetitions larger than 2 are not supported in case of 16QAM for downlink
· FFS: Whether repetition of 2 is supported or not

Agreement
16QAM can be used at least for multi-tone transmission with 12 subcarriers.
· FFS: 3 and 6 subcarriers.



2 Downlink aspects
2.1 Confirmation of MCS/TBS table

In RAN1#103-e, a working assumption was made regarding the design of the MCS/TBS table. In the following, we calculate the code rate for in-band and standalone scenarios for QPSK modulation:
Table 1 Working assumption in RAN1#103-e
	 
	1
	2
	3
	4
	5
	6
	8
	10

	10
	144
	328
	504
	680
	872
	1032
	1384
	1736

	11
	176
	376
	584
	776
	1000
	1192
	1608
	2024

	12
	208
	440
	680
	904
	1128
	1352
	1800
	2280

	13
	224
	488
	744
	1032
	1256
	1544
	2024
	2536

	14
	256
	[552, 536]
	840
	1128
	1416
	1736
	2280
	2856

	15
	280
	600
	904
	1224
	1544
	1800
	2472
	3112

	16
	[328, 296]
	632
	968
	1288
	1608
	1928
	2600
	3240

	17
	336
	696
	1064
	1416
	1800
	2152
	2856
	3624

	18
	376
	776
	1160
	1544
	1992
	2344
	3112
	4008

	19
	408
	840
	1288
	1736
	2152
	2600
	3496
	4264

	20
	440
	904
	1384
	1864
	2344
	2792
	3752
	4584

	21
	488
	1000
	1480
	1992
	[2472, 2536]
	2984
	4008
	4968



Table 2 Code rates for standalone QPSK - 1 port (in red, entries using 64-QAM)
	
	1
	2
	3
	4
	5
	6
	8
	10

	10
	0.525
	0.55
	0.55
	0.55
	0.56
	0.55
	0.55
	0.55

	11
	0.625
	0.625
	0.633333
	0.625
	0.64
	0.633333
	0.6375
	0.64

	12
	0.725
	0.725
	0.733333
	0.725
	0.72
	0.716667
	0.7125
	0.72

	13
	0.775
	0.8
	0.8
	0.825
	0.8
	0.816667
	0.8
	0.8

	14
	0.875
	{0.9, 0.875}
	0.9
	0.9
	0.9
	0.916667
	0.9
	0.9

	15
	0.95
	0.975
	0.966667
	0.975
	0.98
	0.95
	0.975
	0.98

	16
	{1.1, 1}
	1.025
	1.033333
	1.025
	1.02
	1.016667
	1.025
	1.02

	17
	1.125
	1.125
	1.133333
	1.125
	1.14
	1.133333
	1.125
	1.14

	18
	1.25
	1.25
	1.233333
	1.225
	1.26
	1.233333
	1.225
	1.26

	19
	1.35
	1.35
	1.366667
	1.375
	1.36
	1.366667
	1.375
	1.34

	20
	1.45
	1.45
	1.466667
	1.475
	1.48
	1.466667
	1.475
	1.44

	21
	1.6
	1.6
	1.566667
	1.575
	{1.56, 1.6}
	1.566667
	1.575
	1.56



Table 3 Code rates for inband with QPSK - 2 ports (in red, entries using 64-QAM. In gray, invalid entries)
	
	1
	2
	3
	4
	5
	6
	8
	10

	10
	0.807692
	0.846154
	0.846154
	0.846154
	0.861538
	0.846154
	0.846154
	0.846154

	11
	0.961538
	0.961538
	0.974359
	0.961538
	0.984615
	0.974359
	0.980769
	0.984615

	12
	1.115385
	1.115385
	1.128205
	1.115385
	1.107692
	1.102564
	1.096154
	1.107692

	13
	1.192308
	1.230769
	1.230769
	1.269231
	1.230769
	1.25641
	1.230769
	1.230769

	14
	1.346154
	{1.384, 1.346}
	1.384615
	1.384615
	1.384615
	1.410256
	1.384615
	1.384615

	15
	1.461538
	1.5
	1.487179
	1.5
	1.507692
	1.461538
	1.5
	1.507692

	16
	{1.59, 1.63}
	1.576923
	1.589744
	1.576923
	1.569231
	1.564103
	1.576923
	1.569231

	17
	1.730769
	1.730769
	1.74359
	1.730769
	1.753846
	1.74359
	1.730769
	1.753846

	18
	1.923077
	1.923077
	1.897436
	1.884615
	1.938462
	1.897436
	1.884615
	1.938462

	19
	2.076923
	2.076923
	2.102564
	2.115385
	2.092308
	2.102564
	2.115385
	2.061538

	20
	2.230769
	2.230769
	2.25641
	2.269231
	2.276923
	2.25641
	2.269231
	2.215385

	21
	2.461538
	2.461538
	2.410256
	2.423077
	{2.4, 2.46}
	2.410256
	2.423077
	2.4



On the switching point, we note that, based on the simulation results in the appendix, the switching point is around 1.8 bits/RE (or, equivalently, a code rate of 0.9 for QPSK). Therefore, the tables in the working assumption can be agreed since they are in line with the simulation results.
About the entries with multiple alternatives, although there is a very minor difference between them, we make the following observations:
· For [328, 296], 296 provides a code rate closer to others in the same row, so we should choose that one.
· For [552, 536] 552 is closer to most entries in the same row, so we should select that one.
· For [2472, 2536], there is a minor difference with respect to other entries, but 2472 seems to be a bit closer.

Proposal 1: Confirm the working assumption for the DL TBS table, with the following modifications:
· Entry [328, 296] is replaced by 296.
· Entry [552, 536] is replaced by 552.
· Entry [2472, 2536] is replaced by 2472.
Similarly, for the applicability of different entries, we note that the code rate for TBS row 18 would be around 0.95 for in-band deployment, thus making it unusable. Thus, we propose to confirm the working assumption in the previous meeting and clarifying that the maximum row is row 17 (this is also in line with the previous agreement on the maximum TBS).
Proposal 2: Confirm the working assumption regarding TBS applicability for different deployment scenarios with the following modification:
· For standalone and guardband deployments, the downlink TBS entries between 14 (TBS of 2856 for I_SF=7) and 21 are used for 16QAM.
· For inband deployments, the downlink TBS entries between 11 (TBS of 2024 for I_SF=7) and [17] are used for 16QAM.

2.2 Rules of applicability

After the 16-QAM is enabled, the UE will operate in “16-QAM mode” (i.e., will interpret the scheduling information accordingly). The applicability of 16-QAM should be restricted to C-RNTI NPDSCH –it should not be applicable for RA-RNTI PDSCH. For the case of C-RNTI NPDSCH from CSS, RAN1 can decide after more details are known.
Proposal 3: DL 16-QAM is only applicable for NPDSCH scheduled from a DCI with CRC scrambled by C-RNTI.
· At least C-RNTI from USS is supported, FFS if 16-QAM is applied to C-RNTI from CSS.
When introducing 64-QAM for eMTC, its applicability was restricted to single repetition. Also, although eMTC supports 16-QAM with repetitions since Rel-13, it was later acknowledged that, in many cases, 16-QAM with repetitions is suboptimal [2]. This led to the introduction of “modulation order override” in Rel-14.
Although we acknowledge that the repetition scheme is different in eMTC and NB-IoT (e.g. NB-IoT does not use multiple redundancy versions in the downlink), the higher SNR required for 16-QAM limit the use cases for repetitions for both eMTC and NB-IoT. 
Given the results in the previous section, we concluded that for (total bits)/#REs 1.8, it is better to use QPSK vs 16-QAM. Based on this, we compare the following two transmission schemes:
· Transmission scheme 1: Use 16-QAM with R=2 and N_SF = X.
· Transmission scheme 2: Use QPSK with R=1 and N_SF = 2X.
We can see that Transmission scheme 2 will outperform transmission scheme 1, since both have the same code rate (due to lack of RVs in downlink). Thus, we propose to not support repetitions for 16-QAM. If a larger TBS is desired to be supported, then the N_SF for QPSK should be increased accordingly. We note that a similar performance issue was observed in [3].
Proposal 4: 16-QAM NPDSCH is only supported for R=1.
	- FFS whether to support the new TBSs with QPSK and increased RU 

2.3 Soft buffer size and LBRM

The main objective of introducing LBRM in LTE was to avoid dimensioning the UE soft buffer size for the worst case of largest TBS and worst case of retransmissions (4 RVs). NB-IoT does not support redundancy versions for downlink and, therefore, the soft buffer size is given by the maximum number of REs (times the bits per RE) in the allocated resource units. Therefore, we propose to follow the same mechanism as in Rel-16, and do not introduce LBRM for NB-IoT – this effectively results in doubling the soft buffer size with respect to QPSK.
Proposal 5: Do not introduce LBRM for 16-QAM. The soft buffer size is doubled with respect to QPSK.

2.4 DCI design

One remaining issue is how to indicate the new TBS entries. There are essentially two options:
· Increase the MCS field: This has the drawback of increased overhead in DCI.
· “Downsample” the MCS table when configured with 16-QAM.

In our view, given the limitations for the use of 16-QAM (no repetitions or up to 2 repetitions), it would be beneficial to indicate 16-QAM allocations by the current 4-bit MCS table. Similar to what was done in eMTC for 64-QAM, the MCS field may be interpreted differently depending on the indicated number of repeittions. Therefore, we make the following proposals:
Proposal 6: Do not introduce additional DCI bits to support 16-QAM. Introduce two new 4-bit MCS tables (16-QAM in-band and 16-QAM standalone).

Proposal 7: If the “repetition number” field in DCI indicates 1 repetition, the MCS field indicates an entry in the 16-QAM MCS table. If the “repetition number” field indicates more than 1 repetition, the MCS field indicates an entry of the legacy QPSK table.

2.5 Downlink power allocation

In NB-IoT, the relative power assumed by the UE between NRS and NPDSCH is predefined in the specification to be 0 or 3dB depending on the number of NRS ports. Although the specification has this fixed assumption, the eNB can change the power allocation of NPDSCH (including changing the power level across multiple symbols) without the UE being aware of it, since for QPSK reception it is not critical to know the power level. 
Observation 1: In NB-IoT, the power level change of NPDSCH relative to NRS does not have impact on legacy NPDSCH with QPSK. This does not hold anymore with 16-QAM NPDSCH.

With the introduction of 16-QAM, however, the UE needs to have a correct assumption on the relative power between pilots and data. The mechanism for defining relative power between pilots and data need to account for the following:
· For in-band deployments, the relative power between NRS and CRS may change across cells.
· The relative power between NRS and NPDSCH (in symbols with NRS) may change across cells.
· The power across symbols per physical antenna should be constant.
In LTE, the mechanism for defining the power level for PDSCH has considered the impact of a single type of reference signal, i.e., CRS. LTE defined power parameters  for PDSCH in the two types of symbols (symbols without CRS and symbols with CRS), respectively In NB-IoT, we need to define three different power parameters for NPDSCH in the three types of symbols, that we denote as follows:
· : Applicable to NPDSCH in symbols with NRS.
· : Applicable to NPDSCH in symbols with CRS (required for in-band NB-IoT only).
· : Applicable to NPDSCH in symbols without NRS and CRS.
Figure 1 shows a pictorial representation of the three different power levels and the associated OFDM symbols for in-band NB-IoT.
[image: ]
Figure 2 Power levels for three types of NPDSCH symbols for in-band NB-IoT

In the following, we provide some details on how to provide this signaling.
Currently, for in-band same PCI deployments, the UE knows the EPRE ratio between NRS and CRS (given by higher layer parameter nrs-CRS-PowerOffset). The EPRE ratio between NRS and NPDSCH is fixed to 0dB for single port, and 3dB for dual port (i.e., the EPRE of NPDSCH is constant across symbols). RAN1 should discuss whether we should keep the 0/3dB fixed EPRE, or add a configurable NRS to NPDSCH power ratio. 

Proposal 9: RAN1 to decide among the following alternatives:
· Alt1: Rel-16 NRS power levels are kept ().
· Alt2: An additional “power boost” value for NRS is introduced ().

Once RAN1 decides whether to introduce this additional power level, the rest of the power levels can be derived formulaically (just by adjusting the EPRE sure the power is constant across all OFDM symbols).

Proposal 10: The UE derives the values of , ,  implicitly based on
· Power boost value for NRS (if introduced)
· NRS and CRS relative power level.
· Number of NRS and CRS ports.


3 Uplink aspects
3.1 Design principles and differences with downlink

The concepts discussed in Section 2 are in general also applicable to uplink 16-QAM, with the following differences:
· As clarified in WID, the maximum TBS for UL is not increased.
· In uplink, the overhead is constant (there is no difference in different deployment modes). Therefore, the same modulation/TBS determination can be applied to NPUSCH in different deployment modes.
· The ‘implicit MCS’ for NPUSCH retransmissions can be considered in the MCS table for UL 16-QAM.
· Uplink repetitions use RV cycling. But similar as downlink, the use of 16-QAM with repetitions is very likely to be less useful and suboptimal than that of no repetition (R=1).
· There is no need to discuss LBRM or downlink power allocation impact for uplink.
· In uplink, there are more specific uplink use cases in which 16-QAM may be applicable (e.g. EDT / PUR). RAN1 should discuss whether to specify 16-QAM for these cases.
· 16-QAM will require a higher SNR than QPSK. Thus, the uplink power control equation should be modified to achieve this higher SNR level (note that NB-IoT does not support close loop power control).
· Uplink resource allocation is more cumbersome than downlink resource allocation, since the UE can transmit NPUSCH with 1, 3, 6 and 12 subcarriers. At least NPUSCH with full-PRB allocation should be supported, and RAN1 should discuss whether to apply 16-QAM also to NPUSCH with sub-PRB allocation. We should highlight that supporting 16-QAM with sub-PRB allocation would increase the workload in RAN4 for this work item (e.g. define MPR for all the combinations), and thus should be avoided if no clear benefit is shown.

Proposal 11: RAN1 to discuss whether to introduce one or more “implicit MCS” for retransmissions in the MCS table for UL 16-QAM.


Proposal 12: RAN1 to consider adding an additional power control parameter to allow for increased power with 16-QAM (e.g. similar to )

Proposal 13: UL 16-QAM is applicable for NPUSCH scheduled from a DCI with CRC scrambled by C-RNTI.
· At least C-RNTI from USS is supported, FFS if 16-QAM is applied to C-RNTI from CSS.
· FFS: Applicability of 16-QAM for PUR or EDT.

Proposal 14: UL 16-QAM is applicable at least to NPUSCH with full-PRB allocations only and single repetition.

Regarding the TBS table, and similar to our analysis of the DL TBS table, we think the working assumption can be confirmed with the following changes:
Proposal 15: Confirm the WA on the NPUSCH TBS table, with the following changes:
· [2536] is replaced by 2536
· [2472, 2536] is replaced by 2472

4 Conclusion
In this contribution we presented our views on supporting 16-QAM for NB-IoT. We made the following proposals and observations
Proposal 1: Confirm the working assumption for the DL TBS table, with the following modifications:
· Entry [328, 296] is replaced by 296.
· Entry [552, 536] is replaced by 552.
· Entry [2472, 2536] is replaced by 2472.
Proposal 2: Confirm the working assumption regarding TBS applicability for different deployment scenarios with the following modification:
· For standalone and guardband deployments, the downlink TBS entries between 14 (TBS of 2856 for I_SF=7) and 21 are used for 16QAM.
· For inband deployments, the downlink TBS entries between 11 (TBS of 2024 for I_SF=7) and [17] are used for 16QAM.

Proposal 3: DL 16-QAM is only applicable for NPDSCH scheduled from a DCI with CRC scrambled by C-RNTI.
· At least C-RNTI from USS is supported, FFS if 16-QAM is applied to C-RNTI from CSS.
Proposal 4: 16-QAM NPDSCH is only supported for R=1.
	- FFS whether to support the new TBSs with QPSK and increased RU 

Proposal 5: Do not introduce LBRM for 16-QAM. The soft buffer size is doubled with respect to QPSK.

Proposal 6: Do not introduce additional DCI bits to support 16-QAM. Introduce two new 4-bit MCS tables (16-QAM in-band and 16-QAM standalone).
Proposal 7: If the “repetition number” field in DCI indicates 1 repetition, the MCS field indicates an entry in the 16-QAM MCS table. If the “repetition number” field indicates more than 1 repetition, the MCS field indicates an entry of the legacy QPSK table.

Observation 1: In NB-IoT, the power level change of NPDSCH relative to NRS does not have impact on legacy NPDSCH with QPSK. This does not hold anymore with 16-QAM NPDSCH.

Proposal 9: RAN1 to decide among the following alternatives:
· Alt1: Rel-16 NRS power levels are kept ().
· Alt2: An additional “power boost” value for NRS is introduced ().

Proposal 10: The UE derives the values of , ,  implicitly based on
· Power boost value for NRS (if introduced)
· NRS and CRS relative power level.
· Number of NRS and CRS ports.

Proposal 11: RAN1 to discuss whether to introduce one or more “implicit MCS” for retransmissions in the MCS table for UL 16-QAM.


Proposal 12: RAN1 to consider adding an additional power control parameter to allow for increased power with 16-QAM (e.g. similar to )

Proposal 13: UL 16-QAM is applicable for NPUSCH scheduled from a DCI with CRC scrambled by C-RNTI.
· At least C-RNTI from USS is supported, FFS if 16-QAM is applied to C-RNTI from CSS.
· FFS: Applicability of 16-QAM for PUR or EDT.

Proposal 14: UL 16-QAM is applicable at least to NPUSCH with full-PRB allocations only and single repetition.

Proposal 15: Confirm the WA on the NPUSCH TBS table, with the following changes:
· [2536] is replaced by 2536
· [2472, 2536] is replaced by 2472
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Appendix: Simulation results
In Table 2 we show the 10% BLER SNR for different TBS, modulation orders, and deployment scenarios. Some details are as follows:
· Allocation: 5 subframes.
· Different overheads for standalone 1 port (8 REs), in-band 2 ports with 3 symbol control (64 REs), in-band 4 ports with 3 symbol control (68 REs)
· AWGN channel.
Highlighted in red are the TBS entries for which 16-QAM outperforms QPSK. “NaN” indicates that for the corresponding combination of TBS and modulation scheme does not reach 10% BLER.

Table 4 SNR needed for 10% BLER in different deployment scenarios, and the corresponding “bits/RE”. Highlighted in red, the TBSs that have a better performance with 16-QAM than with QPSK. Note that “bits/RE” is twice the coding rate for QPSK.
	
	IB2ports
	Bits/RE
	IB4ports
	Bits/RE
	Standalone
	Bits/RE

	680, ModOrder 16
	5.85
	1.31
	5.96
	1.36
	4.50
	0.85

	680, ModOrder 4
	4.85
	1.31
	5.02
	1.36
	2.19
	0.85

	776, ModOrder 16
	6.80
	1.49
	6.97
	1.55
	4.91
	0.97

	776, ModOrder 4
	5.96
	1.49
	6.34
	1.55
	2.93
	0.97

	872, ModOrder 16
	7.64
	1.68
	7.90
	1.74
	5.49
	1.09

	872, ModOrder 4
	7.08
	1.68
	7.84
	1.74
	3.81
	1.09

	888, ModOrder 16
	7.74
	1.71
	8.03
	1.78
	5.63
	1.11

	888, ModOrder 4
	7.63
	1.71
	7.97
	1.78
	3.88
	1.11

	904, ModOrder 16
	7.90
	1.74
	8.14
	1.81
	5.33
	1.13

	904, ModOrder 4
	7.85
	1.74
	8.83
	1.81
	3.94
	1.13

	920, ModOrder 16
	8.09
	1.77
	8.47
	1.84
	5.40
	1.15

	920, ModOrder 4
	7.99
	1.77
	10.57
	1.84
	4.03
	1.15

	936, ModOrder 16
	8.26
	1.80
	8.55
	1.87
	5.76
	1.17

	936, ModOrder 4
	8.74
	1.80
	NaN
	1.87
	4.28
	1.17

	952, ModOrder 16
	8.33
	1.83
	8.66
	1.90
	5.83
	1.19

	952, ModOrder 4
	9.51
	1.83
	NaN
	1.90
	4.44
	1.19

	968, ModOrder 16
	8.52
	1.86
	8.82
	1.94
	5.83
	1.21

	968, ModOrder 4
	NaN
	1.86
	NaN
	1.94
	4.65
	1.21

	984, ModOrder 16
	8.65
	1.89
	8.83
	1.97
	5.88
	1.23

	984, ModOrder 4
	NaN
	1.89
	NaN
	1.97
	4.73
	1.23

	1000, ModOrder 16
	8.73
	1.92
	8.93
	2.00
	5.93
	1.25

	1000, ModOrder 4
	NaN
	1.92
	NaN
	2.00
	4.80
	1.25

	1016, ModOrder 16
	8.83
	1.95
	9.10
	2.03
	5.95
	1.27

	1016, ModOrder 4
	NaN
	1.95
	NaN
	2.03
	4.84
	1.27

	1032, ModOrder 16
	8.91
	1.98
	9.35
	2.06
	5.98
	1.29

	1032, ModOrder 4
	NaN
	1.98
	NaN
	2.06
	4.93
	1.29

	1128, ModOrder 16
	9.78
	2.17
	9.95
	2.26
	6.67
	1.41

	1128, ModOrder 4
	NaN
	2.17
	NaN
	2.26
	5.75
	1.41

	1192, ModOrder 16
	10.04
	2.29
	10.59
	2.38
	6.95
	1.49

	1192, ModOrder 4
	NaN
	2.29
	NaN
	2.38
	6.20
	1.49

	1208, ModOrder 16
	10.21
	2.32
	10.73
	2.42
	6.99
	1.51

	1208, ModOrder 4
	NaN
	2.32
	NaN
	2.42
	6.45
	1.51

	1224, ModOrder 16
	10.52
	2.35
	10.82
	2.45
	7.05
	1.53

	1224, ModOrder 4
	NaN
	2.35
	NaN
	2.45
	6.57
	1.53

	1244, ModOrder 16
	10.69
	2.39
	10.91
	2.49
	7.29
	1.56

	1244, ModOrder 4
	NaN
	2.39
	NaN
	2.49
	6.68
	1.56

	1256, ModOrder 16
	10.70
	2.42
	10.91
	2.51
	7.40
	1.57

	1256, ModOrder 4
	NaN
	2.42
	NaN
	2.51
	6.74
	1.57

	1352, ModOrder 16
	11.22
	2.60
	11.68
	2.70
	7.93
	1.69

	1352, ModOrder 4
	NaN
	2.60
	NaN
	2.70
	7.61
	1.69

	1368, ModOrder 16
	11.41
	2.63
	11.78
	2.74
	7.95
	1.71

	1368, ModOrder 4
	NaN
	2.63
	NaN
	2.74
	7.84
	1.71

	1384, ModOrder 16
	11.50
	2.66
	11.85
	2.77
	8.07
	1.73

	1384, ModOrder 4
	NaN
	2.66
	NaN
	2.77
	7.96
	1.73

	1400, ModOrder 16
	11.69
	2.69
	11.99
	2.80
	8.17
	1.75

	1400, ModOrder 4
	NaN
	2.69
	NaN
	2.80
	8.01
	1.75

	1416, ModOrder 16
	11.78
	2.72
	12.00
	2.83
	8.33
	1.77

	1416, ModOrder 4
	NaN
	2.72
	NaN
	2.83
	8.38
	1.77

	1432, ModOrder 16
	11.86
	2.75
	12.25
	2.86
	8.48
	1.79

	1432, ModOrder 4
	NaN
	2.75
	NaN
	2.86
	8.80
	1.79

	1448, ModOrder 16
	11.94
	2.78
	12.28
	2.90
	8.53
	1.81

	1448, ModOrder 4
	NaN
	2.78
	NaN
	2.90
	9.26
	1.81

	1464, ModOrder 16
	11.97
	2.82
	12.52
	2.93
	8.60
	1.83

	1464, ModOrder 4
	NaN
	2.82
	NaN
	2.93
	9.98
	1.83

	1480, ModOrder 16
	12.10
	2.85
	12.68
	2.96
	8.72
	1.85

	1480, ModOrder 4
	NaN
	2.85
	NaN
	2.96
	16.00
	1.85

	1496, ModOrder 16
	12.15
	2.88
	12.79
	2.99
	8.79
	1.87

	1496, ModOrder 4
	NaN
	2.88
	NaN
	2.99
	NaN
	1.87

	1512, ModOrder 16
	12.42
	2.91
	12.86
	3.02
	8.81
	1.89

	1512, ModOrder 4
	NaN
	2.91
	NaN
	3.02
	NaN
	1.89

	1528, ModOrder 16
	12.59
	2.94
	12.95
	3.06
	8.87
	1.91

	1528, ModOrder 4
	NaN
	2.94
	NaN
	3.06
	NaN
	1.91

	1544, ModOrder 16
	12.72
	2.97
	12.98
	3.09
	8.90
	1.93

	1544, ModOrder 4
	NaN
	2.97
	NaN
	3.09
	NaN
	1.93

	1736, ModOrder 16
	14.02
	3.34
	14.79
	3.47
	9.90
	2.17

	1736, ModOrder 4
	NaN
	3.34
	NaN
	3.47
	NaN
	2.17

	2024, ModOrder 16
	NaN
	3.89
	NaN
	4.05
	11.26
	2.53

	2024, ModOrder 4
	NaN
	3.89
	NaN
	4.05
	NaN
	2.53

	2280, ModOrder 16
	NaN
	4.38
	NaN
	4.56
	12.46
	2.85

	2280, ModOrder 4
	NaN
	4.38
	NaN
	4.56
	NaN
	2.85

	2536, ModOrder 16
	NaN
	4.88
	NaN
	5.07
	13.63
	3.17

	2536, ModOrder 4
	NaN
	4.88
	NaN
	5.07
	NaN
	3.17
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