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1. Introduction
The efeMTC WID [1] has an objective to improve the UL spectral efficiency:
· Increased PUSCH spectral efficiency [RAN1 lead, RAN2, RAN4]
· e.g. Sub-PRB resource allocation, with no less than 3 subcarriers within a Sub-PRB allocation.

During RAN #91, the following agreements were made WRT to Sub-PRB:

· For Sub-PRB allocation, only the following are supported: 
· 6 subcarriers with SC-FDMA QPSK modulation, at least for CE Mode A

· FFS: CE Mode B

· 3 subcarriers with SC-FDMA QPSK modulation

· 3 subcarriers with SC-FDMA Pi/2 BPSK modulation 

· The Pi/2 rotation is performed across SC-FDMA symbols
· Use only 2 adjacent subcarriers out of the 3 allocated subcarriers with DFT-spread of length 2

· FFS: which 2 subcarriers out of the 3 allocated subcarriers are used

· Working assumption: The 2 used subcarriers shall be fixed per cell in specification

· FFS: semi-statically configured 

· FFS: Frequency hopping case
· When the Sub-PRB feature is used,

· Mapping one TB to 1 RU shall be supported at least for CE Mode A

· Mapping one TB to a maximum of [FFS:2 or 4] resource units (RUs) shall be supported

· Sub-PRB allocation shall support a maximum TBS of 1000 bits for CE Mode A and 936 bits for CE Mode B

· Maximum TBS within a single RU is FFS

· UCI Piggybacking on PUSCH with sub-PRB allocation is not supported.

· FFS: which UL channel is dropped

This tdoc analyzes the following Sub-PRB open issues:

· 2 sub-Carrier pi/2 BPSK DMRS 

· 2 sub-Carrier pi/2 BPSK Cyclic Prefix

· 2 sub-Carrier pi/2 BPSK phase rotation

· RU size
· RV cycling 
· Mapping one TB to a maximum of [2 or 4] RUs 
· Maximum TBS for within a single RU

· Channel Interleaving
· Sub-PRB allocation in Msg3 

· Frequency hopping support

· DCI Optimization
· Limiting PRBs 

· Limit the SC options 

· Limit number of RUs

.

This tdoc does not analyse the following Sub-PRB open issues:

· Which 2 subcarriers out of the 3 allocated subcarriers are used 

2. Two Sub-carrier pi/2 BPSK DMRS 

Like with single sub-carrier NB-IOT, it is important that the DMRS design for the two sub-carrier pi/2 BPSK pattern has low PAPR.  For NB-IOT the single sub-carrier pi/2 BPSK, the DMRS sequence is not using a ZC sequence but is BPSK modulated symbols: 
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This ensures the DMRS has the same PAPR as the data stream.  The NB-IOT DMRS uses a concatenated length-16 Hadamard code w(n) and gold sequence c(n). The following except from the TS 36.211 section 10.1.4.1.1 describes the mechanism:

The reference signal sequence 
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where the binary sequence 
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 at the start of the NPUSCH transmission. The quantity 
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 for NPUSCH format 2, and for NPUSCH format 1if group hopping is not enabled, and by clause 10.1.4.1.3 if group hopping is enabled for NPUSCH format 1.
….

The reference signal sequence for NPUSCH format 1 is given by:
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A similar method to generate DRMS for the eMTC 2 SC modulation is recommended where the DMRS is BPSK modulated and then DFT spread (see figure below).
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The above method will ensure the PAPR for the DMRS is the same as data so the following proposal is made:
Proposal:

· For the two sub-carrier Pi/2 BPSK modulation option:

· DMRS is transmitted in the fourth SC-FDMA symbol of the slot

· The DMRS symbols are BPSK modulated and SC-FDMA spread

· FFS: DMRS symbol sequence

3. Two Sub-carrier pi/2 BPSK Cyclic Prefix
Like with single sub-carrier NB-IOT, it is important that when adding the cyclic prefix for the two sub-carrier pi/2 BPSK pattern, adding the CP doesn’t cause a large increase in PAPR.  The issue is that adding the CP adds additional phase rotation which results in symbol transition which is not pi/2 which increases PAPR. The additional phase rotation depends on the frequency of the modulated sub-carrier. 

For 1 sub-carrier pi/2 BPSK for NB-IoT this is solved by rotating the phase to adjust for the additional rotation caused by the CP such that the phase transition at symbol boundaries are still pi/2. Since the phase rotation is deterministic, the receiver can compensate so that it does not affect the decoding performance.  
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The following is the text from TS 36.211 section 10.1.5 describing this additional phase rotation and is highlighted in yellow:
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, the time-continuous signal [image: image13.png]


 for sub-carrier index  [image: image14.png]


in SC-FDMA symbol [image: image15.png]


 in an uplink slot is defined by 
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 are given in Table 10.1.5-1, [image: image20.png]


 is the modulation value of symbol [image: image21.png]


 and the phase rotation [image: image22.png]


 is defined by
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where [image: image24.png]


 is a symbol counter that is reset at the start of a transmission and incremented for each symbol during the transmission.

Using the PAPR assumptions in appendix I, the following graph shows the 99.9% PAPR with the CP included for various sub-carrier index’s with and without the additional phase rotation of NB-IOT:
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As seen from the above diagram, the PAPR without the phase rotation has a lower PAPR. This is because with the 2 sub-carrier pi/2 BPSK, the sub-carriers are at different frequencies so the phase rotation depends on the sub-carrier transmitted which is data depended and is not determinitics like NB-IOT single sub-carrier. The above assumes the center frequeny is adjust to be within +/- 6 if this is not the case then some rotation maybe necessary. This is for future study. 
Observation: For the 2 Sub-Carrier Pi/2 BSPK modulation, an additional phase rotation to compensate for the additional of the cyclic prefix may be required. 
4. Two Sub-carrier pi/2 BPSK phase rotation
It was already agreed the pi/2 phase rotation would change on symbol boundaries based on the below agreement:

· The Pi/2 rotation is performed across SC-FDMA symbols
What has not yet been agreed is the details of the pi/2 rotation. For NB-IOT, the pi/2 rotation is defined by the highlighted part of the below equation from TS 36.211:
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For sub-carrier index  
[image: image27.wmf]k

in SC-FDMA symbol 
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Note that the pi/2 rotation is not a function of the sub-carrier index 
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but only a function of 
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. It is recommended to use the same pi/2 rotation algorithm as NB-IOT.

Proposal: For the 2 Sub-Carrier Pi/2 BSPK modulation, the pi/2 rotation algorithm is the same as NB-IOT single sub-carrier where the rotation is not a function of the sub-carrier index.
5. QPSK DMRS
QPSK modulation will be used for 3 and 6 sub-carrier options for eMTC which is the same as NB-IOT thus it is recommended that the same DRMS design be used eMTC as for the NB-IOT 3 and 6 sub-carrier options.
Proposal: For the 3 and 6 sub-carrier QSPK options, the DMRS will follow the NB-IOT DMRS design for 3 and 6 sub-carriers.

6. Resource Unit Size

It has already been agreed in RAN91bis that some form of TTI expansion via increasing the resource unit (RU) size be used:

· The RU length depends on number of subcarriers in the Sub-PRB allocation

But the RU size for each SC option has not yet been agreed. It is recommended to follow a similar proposal as NB-IOT as it allows for efficient resource packing. Although a RU size of 4 SF is possible for the 2 SC option, 8 SF allows for better code rates which is need for the BPSK modulation so the following RU sizes are proposed:

Proposal: 

· RU Size of 6 sub-carriers QPSK option = 2 subframes

· RU Size of 3 sub-carriers QPSK option = 4 subframes

· RU Size of 2 sub-carriers pi/2 BPSK option = 8 subframes
7. Number of RUs per transport block

This section aims to resolve this FFS from RAN1#91:

· Mapping one TB to a maximum of [FFS:2 or 4] resource units (RUs) shall be supported 
The maximum TBS of 1000 and 936 was agree in RAN1#91:
· Sub-PRB allocation shall support a maximum TBS of 1000 bits for CE Mode A and 936 bits for CE Mode B

Assuming 4 RVs are used, the following table calculates the code rate between 2 and 4 RUs for a TBS=936. The relative gain is the gain at 10% BLER for the corresponding code rates in a ETU 1Hz channel (see appendix II for detailed simulation assumptions and results):


[image: image31.emf]TBS

Sub

Carries

RU RU Size

Coding

Rate

Relative

Gain

936 2 2 8 0.61 0

936 2 4 8 0.30 1.1

936 3 2 4 0.41 0

936 3 4 4 0.20 0.3


As can be seen from the above table, the code rate when only 2 RU is used for 2 sub-carries is 0.65 which will not provide optimal performance for the turbo decoder. 
Splitting the TB into two segments is another way to improve the code rate but from [2] this was shown that this reduced BLER performance by 1.2 dB which affects both the UE power consumption and spectral efficiency. 

Observation: Splitting a TB into smaller segments is not an effective way to improve code rate.
Although 4 RU may result in more DCI bits, DCI size reduction techniques can be used to minimum this effect thus it is proposed a mapping of one TB to a maximum of 4 resource units (RUs) shall be supported for both CE Mode A and B.

Proposal: A mapping of a TB to 4 resource units (RUs) shall be supported at least in CE Mode B
8. RV Cycling

NB-IOT sub-PRB transmissions only supports 2 RVs where full-PRB eMTC transmission supports 4 RVs but NB-IOT support up to 8 RU’s per TB where eMTC shall support a maximum of 4. Given half as many RUs will be available for eMTC sub-PRB transmission, to maintain good code rates (as seen from the table above), the 4 RV cycling design should be maintained for eMTC sub-PRB transmission.
Proposal: For Sub-PRB transmission, the same 4 RV cycling design as full PRB transmission is supported
9. Channel Interleaving

The order in which the RE’s are filled has not yet been agreed. The ability for the eNB to early decode the TBS would be valuable so the following order is proposed:
Proposal: For Sub-PRB transmission, the following order to fill RE’s is proposed:

· Fill RE’s in time to end of sub-frame
· Then in frequency up to number of sub-carriers

· Then next sub-frame to the end of RV

· Then next RV
10. Message 3 Support

Given the many advantages of sub-PRB transmission:
· UL Spectral Efficiency
· UE Battery Life
· SNR gain
· Increased UE Tx power (via lower PAPR)
supporting sub-PRB transmissions in message 3 is a design goal. 

RAN2 is lead on this feature but RAN1 will design the RAR as is customary. Whether the RAR supports scheduling of Sub-PRB and full-PRB transmission or only full-PRB transmission should not greatly affect RAN2’s design. 
Observation: Supporting sub-PRB transmission in message 3 will not greatly affect RAN2 specifications.
Three methods to support sub-PRB transmission in message 3 were analyzed:

#1 Dual Schedule
One solution is for the eNB to send two RARs; one RAR for full-PRB allocation and one RAR for Sub-PRB allocation. It is expected that the two RARs will point to the same UL resources. The UL spectral efficiency would not be improved because the UL resource allocation would need to be big enough to support the full-PRB transmission but all the other advantages of Sub-PRB transmission are achieved (i.e. UE Battery Life, SNR gain & increase UE Tx power). The main disadvantages of this approach are that the eNB would need to send two RARs and would need to do two decodes. 

#2 Implicit Dual Schedule
This solution is similar to the “Dual Schedule” approach but only one RAR is sent. There would be a 1:1 mapping defined in the specification from the full-PRB allocation to the sub-PRB allocation.  The mapping would take the full-PRB repeats and map that to a sub-carrier configuration with number of sub-carriers, number of RUs, and number of repeats.  Like with the “Dual Schedule” approach, the explicit full-PRB allocation and the implicit sub-PRB allocation will point to the same UL resources. An example 1:1 mapping is shown in the table below:

	Full-PRB allocation

Repeats
	Sub-PRB Allocation

	1
	No Sub-PRB

	2
	6 SC, # RU=1, Repeats=1

	4
	3 SC, # RU=1, Repeats=1

	8
	3 SC, # RU=1, Repeats=2

	16
	3 SC, # RU=1, Repeats=4

	32
	3 SC, # RU=2, Repeats=4

	64
	3 SC, # RU=4, Repeats=4

	128 
	3 SC, # RU=4, Repeats=8


This would not need to be a mandatory feature for the eNB, as the eNB could broadcast via SI, if the eNB supports implicit scheduling of Sub-PRB transmissions in message 3 or NOT.

The advantages and disadvantages of this approach are similar to the “Dual Schedule” with the difference between there is now only ONE RAR. 

Observation: Implicit Dual Schedule approach only requires one RAR to support full-PRB (legacy) and sub-PRB transmission
#3 Tie EDT and Sub-PRB features together

Another solution is to mandate the UE to support Sub-PRB if EDT is supported (i.e. tie the two features together). Given EDT is indicated by PRACH partitioning, the eNB would then know the UE also supports Sub-PRB so this will allow the eNB to send a RAR specifically with a Sub-PRB allocation or not. This solution can utilize all the advantages of sub-PRB include UL spectral efficiency. The main disadvantage of this approach is that the two features are tied together thus reducing the flexibility for the UE vendors to deploy the features separately. 
The following table summarizes the advantages and disadvantages of each approach:

	Option
	Advantage
	Disadvantage

	#1 Dual Schedule
	UE Battery Life, SNR gain, & increase UE Tx power 
	Two eNB Decodes, Two RARs 

	#2 Implicit Dual Schedule
	UE Battery Life, SNR gain, & increase UE Tx power
	Two eNB Decodes

	#3 Tie EDT and Sub-PRB features Together
	UL Spectral Efficiency, UE Battery Life, SNR gain, & increase UE Tx power 
	Features are tied together


Proposal:  The “Implicit Dual Schedule” solution should be specified to allow the support of sub-PRB transmissions in message 3.
11. Frequency Hopping
Frequency hopping is supported for full-PRB transmissions but it has not been decided whether to support frequency hopping for sub-PRB transmissions. Given frequency hopping provides a measurable gain in SNR which is especially important at low SNRs, frequency hopping should be supported for sub-PRB as well. However, the design should be kept as similar to full-PRB frequency hopping as possible so the location of the sub-PRB transmission allocation within the PRB should not change (i.e. no intra-PRB hopping). As with full-PRB transmission, the frequency hopping for sub-PRB transmission should occurs between 2 narrowbands. The configuration of the 2 narrowbands should also follow the full-PRB transmissions design.
Proposal: For sub-PRB transmissions, frequency hopping occurs between 2 narrowbands. The configuration of the narrowbands will follow the full-PRB PUSCH configuration. 
12. DCI Design
There have been many techniques outline in previous tdocs which can save DCI bits, typically at the expense of scheduling flexibility. This section discusses the following DCI size reduction techniques:
· Limiting PRBs 

· Limit the SC allocation options 
Limit PRBs 

Via RRC signalling the UE could be configured to transmit Sub-PRB allocation in e.g. only 1 or 2 PRBs within the 6 PRB, this would save 2-3 bits. Although not specified, an eNB would likely initial configure all UE’s to use the same PRBs until that PRBs became overloaded, then it would allocate some UE’s to a different PRBs. It is unlikely this approach would result in measurable trunking efficiency loss for two reasons. #1 2 PRBs of 6 PRBs will often provide enough capacity for a system. Based on [1], 357,000 devices can be support by 6 PRBs without Sub-PRB transmission. Given Sub-PRB would only be used when a UE is in marginal coverage only a fraction of those users would be using sub-PRB.  #2 Since 2 PRBs can support a large number of UEs the peak load should be close to the average load and the average load changes slowly which can be managed by RRC signalling. 
Proposal: Limiting sub-PRB transmission to 2 PRBs for CE mode A and 1 PRB for CE mode B should be consider in the DCI design. 
Limiting SC Allocation Options
Beyond the location of the PRB, the following fields need to be indicated to the UE:

· Number of repeats (for full-PRB there are 4 values for CE mode A and 8 values for CE mode B)
· Number of sub-carriers (2,3, or 6) 

· Number of RUs per TB [1,2, or 4]
· Location within PRB (10 possible locations)
For CE mode B, this is a total of 8*3*3*10=720 options which would require 10 bits (7 more bits than full-PRB) but many of these combinations are not needed so some reduction is possible which is discussed in this section.

Mode A: The following table shows an example for CE Mode A (only black rows would be valid options): 
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2 6 2 1 1 95

4 6 2 2 1 190

4 6 2 1 2 190

4 3 4 1 1 95

8 6 2 4 1 380

8 6 2 2 2 380

8 6 2 1 4 380

8 3 4 2 1 190

8 3 4 1 2 190

8 2 8 1 1 63

16 6 2 8 1 380

16 6 2 4 2 760

16 6 2 2 4 760

16 3 4 4 1 380

16 3 4 2 2 380

16 3 4 1 4 380

16 2 8 2 1 127

16 2 8 1 2 127

32 6 2 16 1 380

32 6 2 8 2 760

32 6 2 4 4 1000

32 3 4 8 1 380

32 3 4 4 2 760

32 3 4 2 4 760

32 2 8 4 1 253

32 2 8 2 2 253

32 2 8 1 4 253


Note: ”SF sent” is the total sub-frames of transmission time (i.e. ms of transmission). The “Optimal TBS” is based on a code rate of 1/3.
For Full-PRB transmission only 4 repeat options are indicated by DCI where the options are configured by RRC via the “pusch-maxNumRepetitionCEmodeA” parameter. A similar concept should be used for Sub-PRB transmission but 4 options could be limiting so it is recommended to expanding the repeat DCI field by 1 bit to allow for 8 options.  An additional RRC parameter is needed to configure the selected 8 options.  This save 3 DCI bits.
Proposal: For sub-PRB transmission for CE Mode A, a maximum of 8 options (including # SC, # repeats, # RUs) are indicated by DCI. The 8 options are configured by RRC. FFS: The list of options.

CE Mode B:

For Mode B, in general, the number of options should be even further limited.  For short transmissions (i.e. SF Sent is <16), supporting a few options may make sense because there is a trade-off between using higher # of SC to provide a good code rate vs using fewer SC to provide better spectral efficiency. So the table below includes a few options for shorter transmissions but for longer transmissions, since good code rates can be support with a small number of SC, the use of 6 and 3 SC options doesn’t make sense as it is less spectral efficiency than the 2 SC option.  Mode B supports the following repeat options or “SF sent”: {1, 2, 4, 8, 16, 32, 64, 128, 192, 256, 384, 512, 768, 1024, 1536, 2048} but a sub-set of 8 are indicated by DCI. The following table shows CE Mode B options that are practical: 
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TBS

2 6 2 1 1 95

4 6 2 2 1 190

4 3 4 1 1 95

8 6 2 4 1 380

8 3 4 2 1 190

8 2 8 1 1 63

16 6 2 4 2 760

16 3 4 4 1 380

16 2 8 2 1 127

32 6 2 4 4 936

32 3 4 4 2 760

32 2 8 4 1 253

64 6 2 8 4 936

64 3 4 4 4 936

64 2 8 4 2 507

128 6 2 16 4 1000

128 3 4 8 4 936

128 2 8 4 4 936

256 2 8 8 4 936

512 2 8 16 4 936

1024 2 8 32 4 936

1536 2 8 48 4 936

2048 2 8 64 4 936


Like with repeats for full-PRB transmissions, a sub-set of these options can be configured by RRC to reduce DCI size. It is recommended that the DCI size not increase so the eNB would configures 8 of the above options (same as for full-PRB transmission). 

Proposal: For sub-PRB transmission for CE Mode B, a maximum of 8 options (defining # SC, # repeats, # RUs) are indicated by DCI. The 8 options are configured by RRC. FFS: The list of options.

Location:

As mentioned, the location of the Sub-PRB transmission within the PRB also need to be specified.  There are 10 non-overlapping possible location for 2 of 3,3, and 6 SC which would require 4 bits. To save DCI bit, the set of locations may be limited to 8 where the sub-set of locations is configured by RRC

Option 1:
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Option 2:
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Given most UEs will be in CE mode A, where scheduling flexibility and capacity are more important, it is recommended to not limit the location options within the PRB but for mode B this is recommended to save 1 DCI bit.

Proposal: Limiting the Sub-PRB locations to 8 within the PRB should be considered for CE mode B where different location configurations could be RRC configured. 
13. Conclusion

Proposal: 
For the two sub-carrier Pi/2 BPSK modulation option:

· DMRS is transmitted in the fourth SC-FDMA symbol of the slot

· The DMRS symbols are BPSK modulated and SC-FDMA spread

· FFS: DMRS symbol sequence

Observation: 
For the 2 Sub-Carrier Pi/2 BSPK modulation, an additional phase rotation to compensate for the additional of the cyclic prefix may be required. 
Proposal: 
For the 2 Sub-Carrier Pi/2 BSPK modulation, the pi/2 rotation algorithm is the same as NB-IOT single sub-carrier where the rotation is not a function of the sub-carrier index.
Proposal: 
For the 3 and 6 sub-carrier QSPK options, the DMRS will follow the NB-IOT DMRS design for 3 and 6 sub-carriers.

Proposal: 

· RU Size of 6 sub-carriers QPSK option = 2 subframes

· RU Size of 3 sub-carriers QPSK option = 4 subframes

· RU Size of 2 sub-carriers pi/2 BPSK option = 8 subframes

Observation: Splitting a TB into smaller segments is not an effective way to improve code rate.
Proposal: 
A mapping of a TB to 4 resource units (RUs) shall be supported at least in CE Mode B
Proposal: 
For Sub-PRB transmission, the same 4 RV cycling design as full PRB transmission is supported
Proposal: 
For Sub-PRB transmission, the following order to fill RE’s is proposed:

· Fill RE’s in time to end of sub-frame
· Then in frequency up to number of sub-carriers

· Then next sub-frame to the end of RV

· Then next RV
Observation: Supporting sub-PRB transmission in message 3 will not greatly affect RAN2 specifications.
Observation: Implicit Dual Schedule approach only requires one RAR to support full-PRB (legacy) and sub-PRB transmission
Proposal:  The “Implicit Dual Schedule” solution should be specified to allow the support of sub-PRB transmissions in message 3.
Proposal: 
For sub-PRB transmissions, frequency hopping occurs between 2 narrowbands. The configuration of the narrowbands will follow the full-PRB PUSCH configuration. 
Proposal: 
Limiting sub-PRB transmission to 2 PRBs for CE mode A and 1 PRB for CE mode B should be consider in the DCI design. 
Proposal: 
For sub-PRB transmission for CE Mode A, a maximum of 8 options (including # SC, # repeats, # RUs) are indicated by DCI. The 8 options are configured by RRC. FFS: The list of options.

Proposal: 
For sub-PRB transmission for CE Mode B, a maximum of 8 options (defining # SC, # repeats, # RUs) are indicated by DCI. The 8 options are configured by RRC. FFS: The list of options.

Proposal: 
Limiting the Sub-PRB locations to 8 within the PRB should be considered for CE mode B where different location configurations could be RRC configured. 
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Appendix I: PAPR Simulation Assumptions
It is assumed that after the UE gets the UL grant, it will adjust the center frequency to be within +/- 6 sub-carriers of the allocation so that the UE only needs to modulate to a maximum of +/- 6 sub-carriers (i.e. 180kHz) vs +/- 36 sub-carriers (i.e. 1.08MHz). This allow the UE to use similar filter and windowing techniques as NB-IOT.
Assumptions for PAPR evaluation:

	Parameter
	Value

	TX Filter &1.92Msps
	Least Square 21 tap cutoff at 260KHz

firls(21, [0 100  260  960]/960,[1 1  0 0],[1   10]).

	Windowing 
	Window size 3 and overlapping size 2

Weights =[ 0.1464, 0.5, 0.8536].

	Limit
	99.9%


Appendix II – PUSCH Sub-PRB BLER LLS 
Assumptions for LLS:

	Parameter
	Value

	System bandwidth
	10 MHz

	Configuration 
	FDD

	Carrier frequency
	2 GHz

	Antenna configuration
	1x2, low correlation

	Channel model
	ETU 1Hz

	Transmission mode
	TM1

	Frequency tracking error
	+30Hz

	Channel estimation
	Cross SF

	RUs per TB
	2 / 4

	Subframes of Transmission
	512 


Results:
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												Code Rate		0.33

				Mode A

				SF Sent		Sub
Carries		RU size		Repeats		# RUs		Optimal
TBS

				2		6		2		1		1		95				x

				4		6		2		2		1		190				x

				4		6		2		1		2		190

				4		3		4		1		1		95				x

				8		6		2		4		1		380				x

				8		6		2		2		2		380

				8		6		2		1		4		380

				8		3		4		2		1		190				x

				8		3		4		1		2		190

				8		2		8		1		1		63				x

				16		6		2		8		1		380				x

				16		6		2		4		2		760				x

				16		6		2		2		4		760

				16		3		4		4		1		380				x

				16		3		4		2		2		380

				16		3		4		1		4		380

				16		2		8		2		1		127				x

				16		2		8		1		2		127

				32		6		2		16		1		380				x

				32		6		2		8		2		760

				32		6		2		4		4		1000				x

				32		3		4		8		1		380				x

				32		3		4		4		2		760				x

				32		3		4		2		4		760

				32		2		8		4		1		253				x

				32		2		8		2		2		253

				32		2		8		1		4		253
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				TBS		Sub
Carries		RU		Bit/sym		RU Size		Coding
Rate		Relative
Gain

				936		2		2		1		8		0.61		0

				936		2		4		1		8		0.30		1.1

				936		3		2		2		4		0.41		0

				936		3		4		2		4		0.20		0.3
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				Mode B

				SF Sent		Sub
Carries		RU size		Repeats		# RUs		Optimal
TBS

				2		6		2		1		1		95				x

				4		6		2		2		1		190				x

				4		3		4		1		1		95				x

				8		6		2		4		1		380				x

				8		3		4		2		1		190				x

				8		2		8		1		1		63				x

				16		6		2		4		2		760				x

				16		3		4		4		1		380				x

				16		2		8		2		1		127				x

				32		6		2		4		4		936				x

				32		3		4		4		2		760

				32		2		8		4		1		253

				64		6		2		8		4		936

				64		3		4		4		4		936				x

				64		2		8		4		2		507

				128		6		2		16		4		1000

				128		3		4		8		4		936

				128		2		8		4		4		936				x

				256		2		8		8		4		936				x

				512		2		8		16		4		936				x

				1024		2		8		32		4		936				x

				1536		2		8		48		4		936				x

				2048		2		8		64		4		936				x
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