[bookmark: _Ref399006623][bookmark: _Toc92513360]3GPP TSG-RAN WG4 Meeting 91	R4-1906025
Reno, Nevada USA, 13th – 17th Mayl 2019

Source: 	Skyworks Solutions, Inc.
Title: 	Inner and Outer Allocation Definition for Release 16 Intra-band Contiguous UL CCs

Agenda Item:	9.1.2 UE RF for FR1 [NR_CA_R16_intra-Core]
Document for:	Approval
Introduction
In RAN4#90b and earlier meetings, a number of contributions [1-4] addressed options to optimize MPR/AMPR for intra-band EN-DC cases. In this contribution, we propose a definition for inner and outer allocations that applies mainly to contiguous cases (both ENDC and CA) but may also apply to non-contiguous cases. The aim is to use this allocation definition to derive MPR/A-MPR requirements for intra-band ENDC and NR UL CA in Release 16.
Discussion
A number of contributions [1-4] addressed options to improve the required back-off required in intra-band EN-DC cases. Improvement tried to tackle different aspects:
· Different back-off curves depending on requirement (This is already the case for Band 41 intra-band EN-DC where two curves depend on whether the requirement is -13 dBm/MHz or -25 dBm/MHz for an IMD3 product)
· LTE back-off compensation scheme to enable higher NR power versus LTE power
· Allocation position with regard to allocated channel, adjacent channels or band

In this contribution, we propose a solution targeting Release 16 and related to the last case that defines outer and inner allocations for contiguous intra-band ENDC where the inner allocations would require significantly less back-off than outer ones and could thus have a separate MPR/AMPR definition. This applies to both intra-band contiguous ENDC and NR UL CA. Applicability to some non-contiguous cases will also be discussed.
Examples of Outer and Inner Allocations Intra-band 2 UL cases
Although the notion of inner and outer allocation has never been associated with intra-band contiguous dual UL, the two types of allocation is already relevant to describes difference between best case and worst case allocations for MSD test points. Table 1 provides the agreed MSD test points for DC_(n)71.

Table 1: MSD test points for DC_(n)71
	EN-DC configuration
	E-UTRA/
NR band
	FC (UL)
(MHz)
	Channel bandwidth
(MHz)
	UL
allocation (LCRB)
	FC (DL)
(MHz)
	MSD
(dB)
	IMD issue and type of allocation

	DC_(n)71AA
	71
	665.5
	5
	5 (RBend =24)
	619.5
	0
	Inner case: IMD3 in aggregated BW, Low MSD and back-off only related to power sharing

	
	n71
	675.5
	15
	15 (RBstart = 0)
	629.5
	1.8
	

	DC_(n)71AA
	71
	670.5
	15
	15 (RBend = 74)
	624.5
	0
	

	
	n71
	680.5
	5
	5 (RBstart = 0)
	634.5
	1.6
	

	DC_(n)71AA
	71
	668
	10
	10 (RBend = 49)
	622
	0
	

	
	n71
	678
	10
	10 (RBstart = 0)
	632
	1.7
	

	DC_(n)71AA
	71
	668
	10
	10 (RBstart = 0)
	622
	17.2
	Outer case: IMD3 in ACLR region, MSD= IMD5&7

	
	n71
	678
	10
	10 (RBend = 51)
	632
	29.4
	



Observations: 
· Allocations with lowest MSD (first three rows) are allocations where the LTE and NR allocation are almost contiguous at the interface between the LTE and NR channel:
· Their 3rd order IMD products are all within the aggregated channels bandwidth even for the non-symmetric LTE5+NR15 or LTE15+NR5 cases.
· Worst case their IMD5 falls into the ACLR region where relaxed NS35 SEM limit applies
· Aside from back-off required for LTE/NR power sharing not extra back-off is required as was demonstrated in [5,6]
· These type of allocation corresponds to contiguous 2CC inner allocation
· Allocations with highest MSD (last row) have their IMD3 falling in the ACLR region as there are at both edges of the aggregated channels bandwidth:
· They require A-MPR to meet NS35 limits as demonstrated in [5]
· They result in MSD for both LTE and NR channels as they are subject to IMD5 and IMD7 products interference
· These type of allocation corresponds to contiguous 2CC outer allocation
Formal Definition of Inner and Outer Allocations for Contiguous 2UL CCs
Definition
The concept of inner and outer has already been used for FR1 and FR2 MPR, it essentially lies on the fact that:
· Outer allocations have their back-off that is related to out of channel requirements (ACLR and SEM)
· Inner allocations have their back-off that is related to in channel requirements (EVM, IBE or OBW)
· 0 dB MPR reference waveforms usually belong to the inner region
· When limitation is in band for all allocations like for higher order modulation, there is no longer any distinction between inner and outer

Here, we propose to extend the definition of inner and outer allocation to the case of two contiguous UL channels that can be found in EN-DC, NE-DC or NR UL CA intra-band contiguous combinations:
· Inner allocations are such that their IMD3 products fall within the aggregated channels bandwidths and as such requirements in terms of in-band emissions or EVM for this case needs to be discussed.
· Outer allocations are such that their IMD3 products fall outside the aggregated channels bandwidths.
· Such type of allocations is illustrated in Figure 1.

Ton complement this, it should be stated that because the out of band requirements like SEM and ACLR use the aggregated channel bandwidth the single carrier inner/outer allocation definition no longer applies and it is legitimate to re-define these in the context of two contiguous CCs together with the associated MPR. Furthermore, in the cases where IMD5 products of inner allocations do not fail any band specific emissions that MPR could be used as the default for any combinations as IMD3 are within the channel. Specifically, it would apply as MPR for inner allocation for DC_41_n41 for both NS01 and NS04.

[image: ]
Figure 1: Illustration of inner and outer allocations for contiguous CCs with their related IMD3&5 positions
Observations:
· Inner allocation is such that both IMD3 products stay within the aggregated channel bandwidth
· Inner allocation may or may not be almost contiguous (case illustrated here) as long as IMD3 meets the definition
· Outer allocation is any allocation that result in IMD3 falling partially or totally outside the aggregated channel bandwidth
· The two CC bandwidth can be asymmetric
Equations
Based on the inner allocation case illustrated at the top of in Figure 1, following parameters are defined:
· BW1=channel bandwidth of lower CC (CC1)
· BW2=channel bandwidth of upper CC (CC2)
· SCS1=sub-carrier spacing of CC1
· SCS2=sub-carrier spacing of CC2
· FstartAll1=frequency of lowest edge of lowest RB of allocation 1 in CC1
· FstartAll2=frequency of lowest edge of lowest RB of allocation 2 in CC2
· FstopAll1=frequency of highest edge of highest RB of allocation 1 in CC1
· FstopAll2=frequency of highest edge of highest RB of allocation 2 in CC2
· FIMD3LL=frequency of lowest edge of lowest IMD3 product
· FIMD3HH=frequency of highest edge of highest IMD3 product
· FCC1=centre frequency of CC1

If FIMD3LL and FIMDHH are within the allocated channels aggregated bandwidth, allocations are inner allocations, otherwise they are outer allocations.

Using the 3rd order inter-modulation equations, the following equations can be derived:
· FIMD3LL=2*FstartAll1-FstopAll2
· FIMD3HH=2*FstopAll2-FstartAll1
· It should be noted that these only depend on FstartAll1 and FstopAll2 with are respectively related to RBstart of allocation 1 and RBend of allocation 2

To further simplify and provide extra margin with associated guard band, it is proposed to further restrict inner allocation definition to have their IMD3 product fully contained within the RBs that can be allocated for each CC. such restriction also allows to accommodate the variability on channel positions due to different channel raster.

For IMD3 to fulfil inner allocation definition, the following is needed:
FstopAll2-FstartAll1< RBstart1*12*SCS1 (lower IMD3 is within the RBs that can be allocated in CC1)
AND
FstopAll2-FstartAll1<(RBtot2-RBstop2)*12*SCS2 (upper IMD3 is within the RBs that can be allocated in CC2)

Relating FstopAll1 and FstartAll2 to the respective BW1, BW2, RBstart, RBtotal and LCRB, the equations can be rewritten as follows:
12*((2*RBstart1-RBtot1/2)*SCS1+(RBtot2/2-RBstart2-LCRB2)*SCS2)>(BW1+BW2)/2 (A)
AND
12*((RBstart1-RBtot1/2)*SCS1+(3/2*RBtot2-2*(RBstart2+LCRB2))*SCS2)>(BW1+BW2)/2 (B)

Using this formulation the inner allocation equations (A) and (B) only uses the allocated RB and channel parameters that can available to the NR side for DPS capable UEs for EN-DC or for NR UL CA that can thus apply a specific back-off compared to the worst case MPR/AMPR related to outer allocations. In both equations A and B, the term on the right is half of the aggregated channels bandwidth and is static, while terms on the left are more dynamic (except RBtot1 and RBtot2).

Examples of inner allocations are provided in Annex for two cases:
· Intra-band contiguous ENDC of a 20 MHz LTE channel with a 20 MHz NR channel
· The maximum number of inner RBs that can be allocated is 63 out of 206 possible RBs
· Intra-band contiguous NR UL CA of two 20 MHz NR channels
· The maximum number of inner RBs that can be allocated is 67 out of 212 possible RBs

Observations: 
· Proposed equations are flexible in terms of SCS, CCs bandwidths, RB allocation position and length and 2 UL cases (EN-DC, NE-DC, NR UL CA).
· Equations can be used by DPS capable UEs for EN-DC or for NR UL CA that can thus apply a specific back-off instead of the worst case MPR/AMPR.
· For symmetric CCs the maximum number of aggregated inner RBs is a bit less than 1/3rd of the total RBs that can be allocated and will benefit from significantly improved back-off which is essential for coverage of 2 UL combinations. 
· For asymmetric CC cases the efficiency in term of inner RBs versus total RBs will be limited by the small CC bandwidth. 
Applicability to some non-contiguous case
Although this contribution focuses on contiguous cases this approach also has potential benefit for non-contiguous case with more limitation on number of inner RBs.

For example, inner allocation definition can apply and be beneficial in the following cases:
· Non-contiguous case where CC1 and CC2 bandwidths are larger than the gap separating them. In that case, equations (A) and (B) right term only need to be changed to (BW1+BW2)/2+BWgap and could be the more generic equation with BWgap=0 for contiguous cases.
· Another allocation definition for non-contiguous CC case where the IMD3 fall in the relaxed ACLR region of each CC.
Conclusions
In this contribution we discussed the fact inner and outer can be defined for contiguous UL CCs (intra-band EN-DC or NR UL CA) in a similar way than it has been defined for single CC. Set of definitions and equations are provided as a starting point of the study, and following proposals are made.

Proposals for Release 16:
· Opportunity to define inner and outer allocation and their respective back-off requirements for intra-band contiguous UL cases in a similar way than presented in this paper is studied in Release 16.
· Priority is to define for NR UL CA (equal PSD assumption helps further)
· Applicable requirements in the aggregated channel bandwidth is FFS
· Applicability to EN-DC and NE-DC cases is FFS
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Example 1: 20MHz LTE + 20MHz NR Contiguous Intra-band ENDC
Table 2: LTE20+NR20 inner allocations with associated maximum total RB that can be allocated versus RBstart1 (H) and RBstop2 (V)
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Example 2: 20MHz NR + 20MHz NR Contiguous Intra-band UL CA
Table 3: NR20+NR20 inner allocations with associated maximum total RB that can be allocated versus RBstart1 (H) and RBstop2 (V)[image: ]
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RBstop2LCRBmax2\1

46 45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10

9 8 7 6 5 4 3 2 1

0 1 0I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21I,20I,19I,18I,17I,16I,15I,14I,13I,12I,11I,10I,9 I,8 I,7 I,6 I,5 I,4 I,3 I,2

1 2 0I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21I,20I,19I,18I,17I,16I,15I,14I,13I,12I,11I,10I,9 I,8 I,7 I,6 I,5 I,4 I,3

2 3 0 0I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21I,20I,19I,18I,17I,16I,15I,14I,13I,12I,11I,10I,9 I,8 I,7 I,6 I,5 I,4

3 4 0 0I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21I,20I,19I,18I,17I,16I,15I,14I,13I,12I,11I,10I,9 I,8 I,7 I,6 I,5

4 5 0 0 0I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21I,20I,19I,18I,17I,16I,15I,14I,13I,12I,11I,10I,9 I,8 I,7 I,6

5 6 0 0 0I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21I,20I,19I,18I,17I,16I,15I,14I,13I,12I,11I,10I,9 I,8 I,7

6 7 0 0 0 0I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21I,20I,19I,18I,17I,16I,15I,14I,13I,12I,11I,10I,9 I,8

7 8 0 0 0 0I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21I,20I,19I,18I,17I,16I,15I,14I,13I,12I,11I,10I,9

8 9 0 0 0 0 0I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21I,20I,19I,18I,17I,16I,15I,14I,13I,12I,11I,10

9 10 0 0 0 0 0I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21I,20I,19I,18I,17I,16I,15I,14I,13I,12I,11

10 11 0 0 0 0 0 0I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21I,20I,19I,18I,17I,16I,15I,14I,13I,12

11 12 0 0 0 0 0 0I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21I,20I,19I,18I,17I,16I,15I,14I,13

12 13 0 0 0 0 0 0 0I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21I,20I,19I,18I,17I,16I,15I,14

13 14 0 0 0 0 0 0 0I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21I,20I,19I,18I,17I,16I,15

14 15 0 0 0 0 0 0 0 0I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21I,20I,19I,18I,17I,16

15 16 0 0 0 0 0 0 0 0I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21I,20I,19I,18I,17

16 17 0 0 0 0 0 0 0 0 0I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21I,20I,19I,18

17 18 0 0 0 0 0 0 0 0 0I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21I,20I,19

18 19 0 0 0 0 0 0 0 0 0 0I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21I,20

19 20 0 0 0 0 0 0 0 0 0 0I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21

20 21 0 0 0 0 0 0 0 0 0 0 0I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22

21 22 0 0 0 0 0 0 0 0 0 0 0I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23

22 23 0 0 0 0 0 0 0 0 0 0 0 0I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24

23 24 0 0 0 0 0 0 0 0 0 0 0 0I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25

24 25 0 0 0 0 0 0 0 0 0 0 0 0 0I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26

25 26 0 0 0 0 0 0 0 0 0 0 0 0 0I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27

26 27 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28

27 28 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,60I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29

28 29 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,60I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30

29 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,61I,60I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31

30 31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,61I,60I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32

31 32 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,62I,61I,60I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33

32 33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,62I,61I,60I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34

33 34 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,63I,62I,61I,60I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35

34 35 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,63I,62I,61I,60I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36

35 36 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,63I,62I,61I,60I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37

36 37 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,62I,61I,60I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38

37 38 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,61I,60I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39

38 39 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,60I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40

39 40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41

40 41 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42

41 42 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43

42 43 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44

43 44 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45

44 45 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,54I,53I,52I,51I,50I,49I,48I,47I,46

45 46 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,53I,52I,51I,50I,49I,48I,47

46 47 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,52I,51I,50I,49I,48

47 48 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,51I,50I,49

48 49 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,50

49 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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51 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10

9 8 7 6 5 4 3 2 1

0 1 0I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21I,20I,19I,18I,17I,16I,15I,14I,13I,12I,11I,10I,9 I,8 I,7 I,6 I,5 I,4 I,3 I,2

1 2 0 0I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21I,20I,19I,18I,17I,16I,15I,14I,13I,12I,11I,10I,9 I,8 I,7 I,6 I,5 I,4 I,3

2 3 0 0I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21I,20I,19I,18I,17I,16I,15I,14I,13I,12I,11I,10I,9 I,8 I,7 I,6 I,5 I,4

3 4 0 0 0I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21I,20I,19I,18I,17I,16I,15I,14I,13I,12I,11I,10I,9 I,8 I,7 I,6 I,5

4 5 0 0 0I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21I,20I,19I,18I,17I,16I,15I,14I,13I,12I,11I,10I,9 I,8 I,7 I,6

5 6 0 0 0 0I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21I,20I,19I,18I,17I,16I,15I,14I,13I,12I,11I,10I,9 I,8 I,7

6 7 0 0 0 0I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21I,20I,19I,18I,17I,16I,15I,14I,13I,12I,11I,10I,9 I,8

7 8 0 0 0 0 0I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21I,20I,19I,18I,17I,16I,15I,14I,13I,12I,11I,10I,9

8 9 0 0 0 0 0I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21I,20I,19I,18I,17I,16I,15I,14I,13I,12I,11I,10

9 10 0 0 0 0 0 0I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21I,20I,19I,18I,17I,16I,15I,14I,13I,12I,11

10 11 0 0 0 0 0 0I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21I,20I,19I,18I,17I,16I,15I,14I,13I,12

11 12 0 0 0 0 0 0 0I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21I,20I,19I,18I,17I,16I,15I,14I,13

12 13 0 0 0 0 0 0 0I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21I,20I,19I,18I,17I,16I,15I,14

13 14 0 0 0 0 0 0 0 0I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21I,20I,19I,18I,17I,16I,15

14 15 0 0 0 0 0 0 0 0I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21I,20I,19I,18I,17I,16

15 16 0 0 0 0 0 0 0 0 0I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21I,20I,19I,18I,17

16 17 0 0 0 0 0 0 0 0 0I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21I,20I,19I,18

17 18 0 0 0 0 0 0 0 0 0 0I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21I,20I,19

18 19 0 0 0 0 0 0 0 0 0 0I,60I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21I,20

19 20 0 0 0 0 0 0 0 0 0 0 0I,60I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22I,21

20 21 0 0 0 0 0 0 0 0 0 0 0I,61I,60I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23I,22

21 22 0 0 0 0 0 0 0 0 0 0 0 0I,61I,60I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24I,23

22 23 0 0 0 0 0 0 0 0 0 0 0 0I,62I,61I,60I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25I,24

23 24 0 0 0 0 0 0 0 0 0 0 0 0 0I,62I,61I,60I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26I,25

24 25 0 0 0 0 0 0 0 0 0 0 0 0 0I,63I,62I,61I,60I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27I,26

25 26 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,63I,62I,61I,60I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28I,27

26 27 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,64I,63I,62I,61I,60I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29I,28

27 28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,64I,63I,62I,61I,60I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30I,29

28 29 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,65I,64I,63I,62I,61I,60I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31I,30

29 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,65I,64I,63I,62I,61I,60I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32I,31

30 31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,66I,65I,64I,63I,62I,61I,60I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33I,32

31 32 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,66I,65I,64I,63I,62I,61I,60I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34I,33

32 33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,67I,66I,65I,64I,63I,62I,61I,60I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35I,34

33 34 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,67I,66I,65I,64I,63I,62I,61I,60I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36I,35

34 35 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,67I,66I,65I,64I,63I,62I,61I,60I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37I,36

35 36 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,66I,65I,64I,63I,62I,61I,60I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38I,37

36 37 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,65I,64I,63I,62I,61I,60I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39I,38

37 38 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,64I,63I,62I,61I,60I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40I,39

38 39 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,63I,62I,61I,60I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41I,40

39 40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,62I,61I,60I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42I,41

40 41 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,61I,60I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43I,42

41 42 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,60I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44I,43

42 43 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,59I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45I,44

43 44 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,58I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46I,45

44 45 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,57I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47I,46

45 46 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,56I,55I,54I,53I,52I,51I,50I,49I,48I,47

46 47 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,55I,54I,53I,52I,51I,50I,49I,48

47 48 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,54I,53I,52I,51I,50I,49

48 49 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,53I,52I,51I,50

49 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,52I,51

50 51 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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