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Introduction
[bookmark: _GoBack]This tdoc discusses the remaining key issues for Sub-PRB allocation including:
RU size, DMRS modulation, and DMRS pattern for BPSK allocation
Maximum number of RUs per TBS for Mode B
Cyclic repetition
DCI design

Key Issues and Proposals
DMRS Modulation for 2 of 3 SC pi/2 BPSK
The DMRS modulation for the pi/2 BPSK transmission has not yet been agreed. The following is the latest related agreement:
Agreement
· For a 2 of 3 sub-carrier pi/2 BPSK transmission, the SC-FDMA symbols over which the DMRS is mapped shall provide a PAPR that is roughly the same as the PAPR of the SC-FDMA symbols not carrying DMRS.
· Cross-correlation properties for the DM-RS need to be considered.
· Note that Alt. 1 and Alt. 2 may or may not meet the above requirement
· Alt. 1: Each DMRS symbol is length-2 BPSK with DFT-S-OFDM
· Alt. 1: is the same modulation as data 
· Alt. 2: Each DMRS symbol is mapped to three sub-carriers
· Other alternative(s) are not precluded

Alt 1: Two sub-carriers
Alt1 is a similar approach used by single sub-carrier NB-IOT where the DMRS is modulated like data.  The difference for eMTC is that two pi/2 BPSK DMRS symbols then get SC-FDMA spread (see figure below):
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Alt 2: Three sub-carriers
As with Alt 1, this method as defined in [1] also has the DMRS symbols pi/2 BPSK modulated and SC-FDMA spread and but in Alt 2, three DRMS bits are needed to fill the three sub-carriers.
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PAPR Evaluation
As was agreed in RAN#92, the DMRS PAPR should be similar to PAPR of non-DMRS (i.e. data) so the PAPR was evaluated for the two options.  The following assumptions were used to evaluate the PAPR for the two alternatives and for data:
	Parameter
	Value

	TX Filter &1.92Msps
	Least Square 21 tap cutoff at 290KHz
firls(21, [0 100  290  960]/960,[1 1  0 0],[1   10]).

	Windowing 
	Window size 3 and overlapping size 2
Weights =[0.1464, 0.5, 0.8536].

	DMRS Pattern
	Random



The following graph shows the PAPR:
[image: ]

The following observations can be made from the above graph:
Observation: Alt 1: 2 sub-carrier DMRS has the same PAPR as data
Observation: Alt 2: 3 sub-carrier DMRS has much worse PAPR than data

Thus the following proposal is made:
Proposal:  For the 2 of 3 SC pi/2 BPSK modulation option, DMRS is generated by SC-FDMA spreading two pi/2 BPSK symbols. 
FFS: pattern of the two pi/2 BPSK symbols

DMRS Pattern for 2 of 3 SC pi/2 BPSK
As mention above, the pattern for the two pi/2 BPSK symbols has not yet been agreed but it was agreed that the pattern should provide good cross correlation properties. 
To ensure good cross correlation, a similar pattern to single tone NB-IOT DMRS could be used. NB-IOT DMRS uses a concatenated length-16 Hadamard code w(n) and gold sequence c(n). The following excerpt from the TS 36.211 section 10.1.4.1.1 describes the mechanism:


The reference signal sequence for  is defined by 






where the binary sequence  is defined by clause 7.2 and shall be initialised with  at the start of the NPUSCH transmission. The quantity  is given by Table 10.1.4.1.1-1 where  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:


The difference for eMTC is that two DMRS BPSK symbols are needed for each slot where for NB-IOT only one DMRS bit is needed per slot. The simplest method to create the second DMRS BPSK symbol is to duplicate the NB-IOT DMRS sequences. Given the DFT spreading will result in the two DMRS symbols being spread onto just one of the sub-carrier, the DMRS pattern should be chosen so that the resulting DMRS symbols use both sub-carriers and ideally alternate between the two sub-carriers so that a channel estimate for both sub-carriers can be made accurately.  Re-using the same sequence design as single tone NB-IOT with a concatenated Hadamard code w(n) and gold sequence c(n), the following DMRS R1(n) R2(n) sequence would create DMRS symbols alternating between sub-carriers: 
R1(n)    =           (1-2c(n)) w(n mod 16)    symbol 1
R2(n)    =  (-1)n  (1-2c(n)) w(n mod 16)    symbol 2
If another set of orthogonal sequences is needed, the alternating pattern can be reversed with this formula:
R1(n)*  =              (1-2c(n)) w(n mod 16)   symbol 1
R2(n)*   = (-1)n+1  (1-2c(n)) w(n mod 16)    symbol 2
The above method will have the same good autocorrelation properties as the NB-IOT single tone DMRS sequences since after SC-FDMA spreading the symbols are preserved. 

Proposal: For the DMRS for two SC pi/2 BPSK modulation option, the two pi/2 BPSK symbols can be calculated as:
R1(n)    =            (1-2c(n)) w(n mod 16)  symbol 1
R2(n)    =   (-1)n  (1-2c(n)) w(n mod 16)  symbol 2
Where: 
0<=n<=2*Repeats*RU’s
w(n) is a Hadamard code as defined in Table 10.1.4.1.1-1 of TS 36.211
c(n) is a gold sequence as defined in section 10.1.4.1.1 of TS 36.211

RU size for 2 of 3 SC pi/2 BPSK
The RU size for the pi/2 BPSK option has not yet been agreed. The latest agreement from RAN1#92 is:
The candidates for FDD are Proposal #1, #2 and #4 for CE mode A and Proposal#1, #2, and #3 for CE mode B and down-select the candidates at RAN1#92bis
· Proposal #1:RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 8 ms
· Proposal #2:RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 6 ms
· Proposal #3:RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 16 ms 
· Proposal #4:RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 4 ms
FFS whether the above can be reused for TDD or not 

The following advantages and disadvantages for each option are identified as:
Proposal #1:RU Size = 8 ms
Provides good code rates for all sub-PRB options (with 4 RUs, Code rate = 0.3 for 936 bits for BPSK)
Same length as NB-IOT single tone
Is not a multiple of the 12 and provides a different number of RE’s as full-PRB
Proposal #2:RU Size = 6 ms
6ms provides the same number of RE as full-PRB.
Provides “OK” code rates for all sub-PRB options (with 4 RUs, Code rate = 0.43 for 936 bits for BPSK)
6ms may not pack efficiently with other repetitions which are powers of 2
Proposal #3:RU Size = 16 ms
When 2 RU is used, the current Mode B TBS table can be re-used.
With 2 RUs, Code rate = 0.3 for 936 bits for BPSK
With 2 RUs Code rate =0.41 for 3 SC QPSK for 936bits.
Only applicable to Mode B so a different RU size for Mode A would be needed
Proposal #4:RU Size = 4 ms
Shares the same RU size as QPSK which may provide DCI saving
With 4 RUs, Code rate = 0.61 for 936 bits for BPSK option
Only applicable to Mode A so a different RU size for Mode B would be needed

The 16 and 4ms options should no longer be considered, since they only apply to one of the CE modes, and it would be a complex design if the RU size changed between mode A and B. The only advantage of 6ms is that it provides the same number of REs as in a full-PRB, which may ease implementations, but 6ms has two other disadvantages.  Given that the 8ms has the most advantages, it should be specified.
Proposal: RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 8 ms. TDD is FFS.
Maximum number of RUs per transport block for Mode B
At the last RAN WG meeting RAN1#92, the maximum number of RUs for Mode A was agreed:
Agreements
A maximum of 4 resource units (RUs) is supported in CE Mode A
The maximum number of RUs for Mode B has not yet been agreed. This decision is somewhat tied to the decision on the RU size for the BPSK options. The most important factor in the decision is to make sure a low enough code rate for the BPSK is supported. These two options provide good code rates for the BPSK:


But given the above proposal to have the RU size be 8ms for BPSK, then the maximum number of RUs needs to be 4 to provide a good code rate.

Proposal: A maximum of 4 resource units (RUs) is supported in CE Mode B
Cyclic Repetition
It has not yet been decided if cyclic repetition will be supported for eMTC Sub-PRB transmissions. Cyclic repetition is used in Sub-PRB NB-IoT and for Full-PRB transmission in eMTC CE Mode B. The main purpose of cyclic repetition is to enable symbol-level I/Q combining and to improve frequency/timing offset tracking. The disadvantage is that detection of the TBS would be delayed and some additional implementation complexity. If cyclic repetition is implemented, care must be taken to make sure the code rate is still maintained. This means that cyclic repetition would only be used when all four RVs have been sent and when maximum RUs have been sent. E.g. for the BPSK option, cyclic repetition could only be used when >= 256 SF (8 RU size * 4 RUs * 4 RV * 2 duplicate RV) are sent. Given this limit of when cyclic repetition can be used, it is proposed to not support cyclic repetition. 

Proposal: Cyclic repetition is not supported for sub-PRB allocation in both CE Mode A and CE Mode B.

DCI Design Optimizations
There have been many techniques outlined in previous tdocs which can save DCI bits, typically at the expense of scheduling flexibility. This section discusses the following DCI size reduction techniques:
Limit PRBs 
Limit the SC allocation options 
Reduce MSC Field
Limit PRBs 
Via RRC signalling the UE could be configured to transmit Sub-PRB allocation in e.g. only 2 PRBs within the 6 PRB. Although not specified, an eNB would likely initially configure all UEs to use the same PRBs until those PRBs became overloaded, then it would allocate some UEs to a different PRBs. It is unlikely this approach would result in measurable trunking efficiency loss for two reasons. #1 2 PRBs will provide enough capacity for a system especially given Sub-PRB would only be used when a UE is in marginal coverage.  #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: Consider limiting sub-PRB transmission to 4 PRBs for CE mode A and 2 PRBs for CE mode B. 
Limiting SC Allocation Options
Beyond the location of the transmission, the following three fields need to be indicated to the UE via DCI:
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)

But many of these combinations are not needed or even valid as they would break the agreement to have only 32 SFs of transmission in CE mode A and 2048 SFs of transmission in CE mode B. So some reduction is possible, which is discussed in this section.
CE Mode A
The following table shows all the possible combinations for CE Mode A (black rows are recommended options): 


Note: “SF sent” is the total sub-frames of transmission (i.e. ms of transmission). The “Optimal TBS” is based on a code rate of 1/3.

Note that there are only 26 valid options in the above table for the repeats levels (4,8,16, and 32), but many of those options are redundant. In general, it is always more spectrally efficient to choose the smallest number of sub-carriers that would provide a good code rate and maximum number of RUs once all RVs have been sent. Using this logic, then there are only 14 practical options (black options). Thus the proposal is made:

Proposal: For CE Mode A, consider indicating only 16 combinations for # SC, # repeats, # RUs in the DCI. 
FFS if the combinations are configured by RRC or defined in specification.
CE Mode B
For Mode B, in general, there are more options as there are more repetition choices and a larger maximum transmission time of 2048, but a reduction in Mode B is also possible. 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 SCs to provide a good code rate vs using fewer SCs 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 supported with a small number of SCs, the use of 6 and 3 SC options doesn’t make sense, as it is less spectrally efficient than the 2 SC option.  The following table shows CE Mode B options that are practical: 


Given the above limited set of practical options, the following proposal is made:
Proposal: For CE Mode B, consider indicating 16 combinations for # SC, # repeats, # RUs in the DCI. 
FFS if the combinations are configured by RRC or defined in specification.

Reduce MSC Field
Reducing the MSC field from 3 bits to 4 bits should be considered for Mode B given only 10 TBS are used today when 2 PRBs are allocated. In general, when the number of RUs allocated is >1, this is done to increase the code rate for larger TBS, otherwise repetition can be used, so for large RU allocation larger TBS should be possible. For example, the following TBS table could be used. 
[image: ]
The above provides a good range of coding rates for all sub-carrier options (see table below) and allows re-use of the TBS table:
[image: ]
Proposal: Consider reducing MSC field from 4 to 3 bits for CE Mode B
DCI Designs
This section outlines some example DCI designs using the DCI design optimization methods mentioned in the above sections. 
Most of the DCI fields do not need to change and should be maintained for sub-PRB allocation so the following proposal is made:

Proposal: These DCI fields should be maintained for sub-PRB allocations for Mode A and B where applicable: 
Narrowband index
HARQ process number 
New data indicator 
Redundancy version 
TPC command for scheduled PUSCH 
UL index 
Downlink Assignment Index (DAI) 
CSI request
SRS request
DCI subframe repetition number 
Modulation order override

The following fields may be re-purposed, so they will be the focus of the DCI design in the next sections:
UL/DL flag
PRB assignment
Repetition number
MCS

CE Mode A
Given there is a trade-off between scheduling flexibility and DCI bits, several alternatives were evaluated. These alternatives are summarized in the following table and discussed below:
[image: ]
Alt 1: +4 bits
This alternative provides full scheduling flexibility at the cost of adding 4 bits. All 27 possible combinations (see section 3.2.1) of repeats, # of SC, and # of RUs can be scheduled. The UL/DL flag is not repurposed. 
Alt 2: +2 bits
This alternative re-purposes the UL/DL flag. The PRB assignments would be reduced from 6 to 4 options. 
Alt 3: +1 bit
From Alt 2, this alternative further reduces combinations of repeats, # of SC, and # of RUs to from 27 to 16, but as shown in section 3.2.1, most of the 27 combinations are not very useful.
Given the high number of additional bits require for Alt 1, it should not be chosen. Alt 2 provides enough scheduling flexibility with adding just 2 bits, so the following proposal is made:
Proposal: The DCI for sub-PRB allocation for CE Mode A should not increase in size by more than 2 bits.
More specific proposals based on the above alternatives include:
Proposal: The DCI for sub-PRB allocation for CE Mode A should 
add 1 bit flag “Sub-PRB allocation” to indicate if the DCI allocation is for Sub-PRB with a new DCI format or not.
Sub-PRB PRB assignment field will be 2 bits indicating 1 of 4 possible PRB allocations. RRC configuration indicates which 4 PRB locations of the 6 possible PRBs are allocated.
Repeats, # of sub-carriers, and # of RUs will be jointly coded and indicated by [4 or 5 bits].  RRC configuration indicates which configurations are allocated. Method of allocation is FFS.
Location with PRB field will be 2 bits defining 1 of 4 positions when 3 subcarrier QPSK or 2 of 3 subcarrier BPSK is allocated and 1 of 2 positions when 6 subcarrier QPSK is allocated.

CE Mode B
Given there is a trade-off between scheduling flexibility and DCI bits, several alternatives were evaluated. These alternatives are summarized in the following table and discussed in detail below:
[image: ]
Alt 1: +7 bits
This alternative provides full scheduling flexibility at the cost of adding 7 bits. All 72 possible combinations of repeats (8 choices), # of SC (3 choices), and # of RUs (3 choices) can be scheduled. Also, the UL/DL flag is not repurposed. 
Alt 2: +2 bits
This alternative re-purposes the UL/DL flag to be used for the PRB assignment. The PRB assignments would be reduced from 6 to 2 and only 32 combinations of repeats (8 choices), # of SC (3 choices), and # of RUs (3 choices) can be scheduled. 
Alt 3: +1 bit
This alternative further reduces combinations of repeats, # of SC, and # of RUs to from 72 to 16, but as shown in section 3.2.2, most of the 72 combinations are not very useful.
Alt 4: +1 bit
This alternative further reduces combinations of repeats, # of SC, and # of RUs to from 72 to 32 and also reduces the number MCS option from 10 used in legacy to 8. 
Given the high number of additional bits Alt 1 should not be chosen. Alt2 provide enough scheduling flexibility with adding just 2 bits, so the following proposal is made:
Proposal: The DCI for sub-PRB allocation for CE Mode B should not increase in size by more than 2 bits.
More specific proposals based on the above alternatives include:
Proposal: The DCI for sub-PRB allocation for CE Mode B should 
add 1 bit flag “Sub-PRB allocation” to indicate if the DCI allocation is for Sub-PRB with a new DCI format or not.
Sub-PRB PRB assignment field will be 1 bit indicating 1 of 2 possible PRBS allocated. RRC configuration indicates which 2 PRBs of the 6 possible PRBs are allocated.
Repeats, # of sub-carriers, and # of RUs will be jointly coded and indicated by [4 or 5 bits].  RRC configuration indicates which configurations are allocated. Method of allocation is FFS.
Location with PRB field will be 2 bits defining 1 of 4 position when 3 subcarrier QPSK or 2 of 3 subcarrier BPSK is allocated and 1 of 2 position when 6 subcarrier QPSK is allocated.
The MCS field will be [4 or 3] bits. Possible TBS is FFS.

Conclusion

Observation: Alt 1: 2 sub-carrier DMRS has the same PAPR as data
Observation: Alt 2: 3 sub-carrier DMRS has much worse PAPR than data
Proposal:  For the 2 of 3 SC pi/2 BPSK modulation option, DMRS is generated by SC-FDMA spreading two pi/2 BPSK symbols. 
FFS: pattern of the two pi/2 BPSK symbols


Proposal: For the DMRS for two SC pi/2 BPSK modulation option, the two pi/2 BPSK symbols can be calculated as:
R1(n)    =            (1-2c(n)) w(n mod 16)  symbol 1
R2(n)    =   (-1)n  (1-2c(n)) w(n mod 16)  symbol 2
Where: 
0<=n<=2*Repeats*RU’s
w(n) is a Hadamard code as defined in Table 10.1.4.1.1-1 of TS 36.211
c(n) is a gold sequence as defined in section 10.1.4.1.1 of TS 36.211

Proposal: RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 8 ms. TDD is FFS.
Proposal: A maximum of 4 resource units (RUs) is supported in CE Mode B
Proposal: Cyclic repetition is not supported for sub-PRB allocation in both CE Mode A and CE Mode B.

Proposal: Consider limiting sub-PRB transmission to 4 PRBs for CE mode A and 2 PRBs for CE mode B. 

Proposal: For CE Mode A, consider indicating only 16 combinations for # SC, # repeats, # RUs in the DCI. 
FFS if the combinations are configured by RRC or defined in specification.

Proposal: For CE Mode B, consider indicating 16 combinations for # SC, # repeats, # RUs in the DCI. 
FFS if the combinations are configured by RRC or defined in specification.

Proposal: Consider reducing MSC field from 4 to 3 bits for CE Mode B

Proposal: These DCI fields should be maintained for sub-PRB allocations for Mode A and B where applicable: 
Narrowband index
HARQ process number 
New data indicator 
Redundancy version 
TPC command for scheduled PUSCH 
UL index 
Downlink Assignment Index (DAI) 
CSI request
SRS request
DCI subframe repetition number 
Modulation order override

Proposal: The DCI for sub-PRB allocation for CE Mode A should not increase in size by more than 2 bits.
Proposal: The DCI for sub-PRB allocation for CE Mode A should 
add 1 bit flag “Sub-PRB allocation” to indicate if the DCI allocation is for Sub-PRB with a new DCI format or not.
Sub-PRB PRB assignment field will be 2 bits indicating 1 of 4 possible PRB allocations. RRC configuration indicates which 4 PRB locations of the 6 possible PRBs are allocated.
Repeats, # of sub-carriers, and # of RUs will be jointly coded and indicated by [4 or 5 bits].  RRC configuration indicates which configurations are allocated. Method of allocation is FFS.
Location with PRB field will be 2 bits defining 1 of 4 positions when 3 subcarrier QPSK or 2 of 3 subcarrier BPSK is allocated and 1 of 2 position when 6 subcarrier QPSK is allocated.

Proposal: The DCI for sub-PRB allocation for CE Mode B should not increase in size by more than 2 bits.
Proposal: The DCI for sub-PRB allocation for CE Mode B should 
add 1 bit flag “Sub-PRB allocation” to indicate if the DCI allocation is for Sub-PRB with a new DCI format or not.
Sub-PRB PRB assignment field will be 1 bit indicating 1 of 2 possible PRBS allocated. RRC configuration indicates which 2 PRBs of the 6 possible PRBs are allocated.
Repeats, # of sub-carriers, and # of RUs will be jointly coded and indicated by [4 or 5 bits].  RRC configuration indicates which configurations are allocated. Method of allocation is FFS.
Location with PRB field will be 2 bits defining 1 of 4 position when 3 subcarrier QPSK or 2 of 3 subcarrier BPSK is allocated and 1 of 2 position when 6 subcarrier QPSK is allocated.
The MCS field will be [4 or 3] bits. Possible TBS is FFS.
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				TBS		Sub
Carries		Max RUs		Bit/sym		RU Size		Coding
Rate

				936		2		2		1		16		0.30

				936		2		4		1		8		0.30
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SF Sent

Sub

Carries RU size Repeats # RUs

Optimal

TBS

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
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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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SF Sent

Sub

Carries RU size Repeats # RUs

Optimal

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
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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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